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Sent Via Email

Joe Thomas
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Joe(@govoversight.org

Re:  Request for Public Records Re to Certain Correspondence — Climate Superfund
Dear Mr. Thomas:

The Agency of Natural Resources (Agency) received your correspondence on May 23, 2024 in which
you request: “all electronic correspondence, and any accompanying information (see discussion of SEC
Data Delivery Standards, infra), including also any attachments, a) sent to or from or copying (whether
as cc: or bee:) i) Julie S. Moore, ii) Maggie Grendon, and/or iii) Catherine Gjessing, that b) includes,
anywhere, whether in the party or subject fields, body of an email, in an email address or otherwise,
including also in any attachments, i) Climate Superfund, ii) Climate Change Superfund, iii) Rothschild,
and/or iv) climate risk, that is c) dated from January 1, 2024 through May 23, 2024, inclusive and d)
includes in the sent, to, from, cc, and or bcce fields any other party whose email address ends with .gov.’

’

The Agency extended the production deadline pursuant to 1 V.S.A. § 318(b)(5).

In accordance with 1 V.S.A. § 316, the Agency produced records responsive to your request on June 6,
2024.

The Agency is withholding exempt records pursuant to 1 V.S.A. §§ 317 (¢)(4) because they are
documents subject to the attorney-client privilege and executive privilege.

Please be advised that you may appeal this decision to deny access to these records to the Secretary of
the Agency of Natural Resources pursuant to 1 V.S.A. § 318(c).

Please don’t hesitate to contact me with any questions at the email or number below.

Sincerely,
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(ly AUGNL

Kelly Hughes, Program Coordinator
Office of General Counsel
802-828-1295
Kelly.Hughes@vermont.gov
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From: Richard Heede

To: Lazorchak, Jane; Ramirez-Richer, Emma; Moore, Julie; Woods, Brian; Wolz, Marian
Cc: Rick Heede

Subject: Re: Carbon Majors Database and the InfluenceMap Team

Date: Tuesday, April 30, 2024 6:26:43 PM
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You don't often get email from heede@climateaccountability.org. Learn why this is important

EXTERNAL SENDER: Do not open attachments or click on links unless you recognize
and trust the sender.
Hi Jane and Julie and Brian — thanks for your interest and your questions. | look forward to hearing

from you again as this legislation moves forward and reaches the implementation stages.

Meanwhile, if you have any other questions, do let me know.

| am attaching my original paper in Climatic Change, as well as the full documentation of Methods &
Results, the InfluenceMap Carbon Majors update report, and the preliminary list of companies that
are attributed > 1 GtCO2e from 1995 to 2022. Note that a few smaller companies are not fully
accounted to 2022 (instead 2018 or 2020), which also means that one or more companies that now
barely miss the threshold may qualify once we complete the accounting to 2022 and, later, to 2024.
Then again, this is just the Carbon Majors methodology, and ANR will follow the legislative language
and base emissions on crude oil, natural gas, and coal either produced (and delivered to global
consumers), or refined, or sold to consumers. | am more than happy to discuss with you the various
methodologies in more detail as needed down the road. We should also be aware of the necessity of
avoiding double-counting emissions from, say, production and refining.

Respectfully, -Rick

@
Richard Heede <heede@climateaccountability.org>
Climate Accountability Institute
Snowmass, CO 81654 USA
+1-970-343-0707 mobile
CAl is a 501(c)(3) non-profit research organization.

EIN: 45-3193449.
Donations are gratefully accepted online.

Facebook Twitter LinkedIn

From: Lazorchak, Jane <Jane.Lazorchak@vermont.gov>

Date: Tuesday, April 30, 2024 at 10:06 AM

To: Richard Heede <heede@climateaccountability.org>, Ramirez-Richer, Emma
<Emma.Ramirez-Richer@vermont.gov>, Moore, Julie <Julie.Moore@vermont.gov>,
Woods, Brian <Brian.Woods@vermont.gov>, Wolz, Marian <Marian.Wolz@vermont.gov>
Subject: RE: Carbon Majors Database and the InfluenceMap Team

Thank you for sending this and again for your time to meet and discuss. | am sure we will
be in touch in the coming months.
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Abstract This paper presents a quantitative analysis of the historic fossil fuel and cement
production records of the 50 leading investor-owned, 31 state-owned, and 9 nation-state
producers of oil, natural gas, coal, and cement from as early as 1854 to 2010. This analysis
traces emissions totaling 914 GtCO,e—63 % of cumulative worldwide emissions of industrial
CO, and methane between 1751 and 2010—to the 90 “carbon major” entities based on the
carbon content of marketed hydrocarbon fuels (subtracting for non-energy uses), process CO,
from cement manufacture, CO, from flaring, venting, and own fuel use, and fugitive or vented
methane. Cumulatively, emissions of 315 GtCO,e have been traced to investor-owned entities,
288 GtCO,e to state-owned enterprises, and 312 GtCO,e to nation-states. Of these emissions,
half has been emitted since 1986. The carbon major entities possess fossil fuel reserves that
will, if produced and emitted, intensify anthropogenic climate change. The purpose of the
analysis is to understand the historic emissions as a factual matter, and to invite consideration
of their possible relevance to public policy.

1 Introduction

It is now broadly accepted that anthropogenic climate change presents a serious threat to the
health, prosperity, and stability of human communities, and to the stability and existence of
non-human species and ecosystems (IPCC 2007; World Bank 2012b; Hoeppe 2011; Busby
2007). The international legal framework established in 1992 to prevent “dangerous anthro-
pogenic interference” with the climate system has focused attention on the role of nation-states,
and has led to commitments by many nation-states (particularly the Annex I or highly
developed nations) to cut their greenhouse gas (GHG) emissions. However, current climate
change is primarily driven by historic emissions (Allen et al. 2009b; Matthews et al. 2009; Wei
et al. 2012; IPCC 2013), and the parties responsible for the dominant sources of historic
emissions are not necessarily the same as those responsible for the dominant share of current
emissions. This paper provides an original quantitative analysis of historic emissions by

None of the material in this paper has been published or is under consideration elsewhere.

Electronic supplementary material The online version of this article (doi:10.1007/s10584-013-0986-y)
contains supplementary material, which is available to authorized users.
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Climatic Change

tracing sources of industrial CO, and methane to the 90 largest corporate investor-owned and
state-owned producers of fossil fuels and cement from as early as 1854 to 2010. The purpose
of this analysis is to understand those historic emissions as a factual matter, to invite
consideration of their possible relevance to public policy, and to lay the possible groundwork
for apportioning responsibility for climate change to the entities that provided the hydrocarbon
products to the global economy.

2 International policy and historic emissions

Cumulative historic emissions have caused persistently higher atmospheric concentration of
carbon dioxide and other GHG emissions (Matthews et al. 2009; Zickfeld et al. 2010). While
atmospheric concentrations of CO, can be lowered in several ways, it is generally agreed that
to avoid further dangerous anthropogenic interference in the climate system, net future
emissions must be reduced from business-as-usual projections. Parties to the United Nations
Framework Convention on Climate Change (UNFCCC 1992, “Framework Convention”)
agreed that developed nations “on the basis of equity and in accordance with their common
but differentiated responsibilities ... should take the lead in combating climate change and the
adverse effects thereof.” By “differentiated” it was recognized that Annex I nations had
produced most of the GHG emissions, and therefore were responsible for taking the first steps
in reducing emissions. Numerous proposals on equitable distribution of burdens and remedies
for climate change have been made. These include equal per capita allocation over time (Baer
et al. 2000; Bode 2004), contraction and convergence toward a common per capita emission
rate at a predetermined year (Global Commons Institute 2008), common but differentiated
convergence with favorable allowances for non-Annex I countries (Hohne et al. 2006), multi-
criteria regimes that account for historic responsibility, capability to contribute, and needs,
such as poverty alleviation (Ringius et al. 2002), and remaining CO, and methane “debt” from
historic emissions (Smith et al. 2013). Ignoring historic emissions that disadvantage poorer
nations violate the principle embodied in the 1972 UN Conference on the Human Environment
that nation-states’ “sovereign right to exploit their own resources” is subject to not causing
“damage to the environment of other states.” (Neumayer 2000).

One of the proposals that account for historic emissions is the Brazilian Proposal, analyzed
by the UNFCCC Subsidiary Body for Scientific and Technical Advice (SBSTA) in the run-up
to Kyoto, which suggested that the burden of addressing climate change should be apportioned
on the basis of the temperature response from national historic CO, emissions (den Elzen et al.
2005; Rive et al. 2006; Baumert and Kete 2002). Such equity-based proposals argue, in part,
that wealth is closely tied to historic energy use and therefore to historic emissions and
attributed radiative forcing, and it is appropriate to apportion greater responsibility for emis-
sions reductions to the nations that became wealthy in large part by consuming, and in many
cases producing, the carbon fuels for the world market (Gardiner 2004; Jamieson 2009).

Annex I countries rejected this argument on the grounds that they could not be held
responsible for emissions made prior to 1990, when the Intergovernmental Panel on Climate
Change (IPCC) first warned that greenhouse gas emissions were contributing to global
warming. In essence, they argued that they could not be held responsible for a problem they
did not yet know existed. This argument ignores the many scientific warnings published in the
1960s, 1970s, and 1980s (President’s Science Advisory Committee 1965; Matthews et al.
1971; Broecker 1975; World Meteorological Organization 1976; National Research Council
1979; U.S. EPA 1983; see discussion in Weart 2003; Fleming 2005; Oreskes and Conway
2010). In addition, many countries, including Brazil and the United States, have laws
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embracing the legal principle of “objective responsibility” by which a polluter cannot escape
responsibility by claiming ignorance of environmental damages (La Rovere et al. 2002;
Gardiner 2011).

3 A new approach: tracing emissions to producers

The question of wealth generated through the production and use of fossil fuels suggests an
alternative to the nation-state approach: to analyze emissions in terms of the fossil fuels
produced by incorporated entities—such as investor-owned or state-owned companies—rather
than states as consumers and emitters. This perspective calls attention to the fact that
substantial emissions have come from fossil fuels sourced from non-Annex I countries such
as China, India, Saudi Arabia, South Africa, Iran, Brazil, and Mexico, and from nations that
are not large scale emitters, such as Nigeria, Venezuela, Kuwait, Angola, Malaysia, and Libya.
The Framework Convention apportions responsibility to the wealthy Annex I nations that have
benefited most from using fossil fuels. However, considerable wealth has also accumulated to
nations and companies that produce the fuels sold on the international market. For this reason,
the present analysis focuses on the world’s largest investor-owned and state-owned carbon
producers, whether situated in Annex I or non-Annex I nations, and invites consideration of
the suggestion that some degree of responsibility for both cause and remedy for climate change
rests with those entities that have extracted, refined, and marketed the preponderance of the
historic carbon fuels.

4 Analysis and methods

For tractability, a threshold of >8 million tonnes carbon per year (MtCly) for fossil fuel
production was established. This resulted in the identification of 90 entities: 50 of which are
investor-owned companies, 31 are state-owned enterprises, and 9 are current or former
centrally planned states. Of these 90 entities 56 are crude oil and natural gas producers, 37
are coal extractors (including subsidiaries of oil & gas companies), and 7 are cement
producers. Headquartered in 43 countries, these entities extract resources from every oil,
natural gas, and coal province in the world, and process the fuels into marketable products
that are sold to consumers in every nation on Earth.

Company production records were retrieved from publicly available annual reports from
university and public library collections in Europe, North America, Africa, and Asia, from
company websites, company reports filed with the U.S. Securities and Exchange Commission,
company histories, and other sources. The carbon content of each entity’s annual production of
coal, oil and natural gas liquids, and natural gas was calculated using IPCC, United Nations,
International Energy Agency (IEA), and U.S. Environmental Protection Agency (EPA) carbon
factors to quantify the annual emissions traceable to each entity. Historically complete records
were sought from the earliest records available (the earliest is from 1854) through 2010. Where
mergers or acquisitions occurred, carbon production and emissions prior to the date of
acquisition are attributed to the extant company.

Since the objective of the analysis is to estimate carbon entering the atmosphere, two
important calculations are made. The first is for non-combustion uses of hydrocarbon products.

For crude oil and natural gas liquids (NGLs), non-energy uses include petrochemicals,
lubricants, road oil, waxes, solvents, and other industrial uses; for natural gas they include
fertilizer production and pharmaceuticals; and for coal include pigments, carbon fibers, and
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steel making. These non-combustion uses effectively store carbon, and thus must be subtracted
from the emission calculations. The net storage rates were derived from 1980 to 2010 data on
non-energy uses in the United States following the IPCC inventory and carbon storage
protocols (Environmental Protection Agency 2012a, b; IPCC 2006). Short-term combustion
of petrochemical products such as plastics in waste-to-energy plants, synthetic tires burned in
cement kilns, recycled lubricating oils used as fuel (or oxidized in normal use), wax burning,
petroleum coke used in refineries, special naphthas volatilized in paints, and other uses are
credited back to the oxidation column in determining the final storage and emission rates for
each fuel type. The final net storage rates are 8.02 % for liquids, 1.86 % for natural gas, and
0.016 % for coal.

The analysis accounts for the carbon content of each fuel, and therefore the CO, released on
combustion to the atmosphere. This is particularly important for coal, since producers report
physical quantities rather than heating values (i.e., tons, barrels, or cubic feet rather than energy
content). The carbon content factors for each fuel follow international guidelines. The carbon
content varies most for coal—from ~33 % carbon for lignites to ~72 % carbon for
anthracites—and the rank of produced coal is noted when reported. In many cases producers
provided scant guidance on heating values or rank of coal mined, instead using generic labels
such as “thermal coal” or “metallurgical coal,” in which cases the average IPCC values for
these fuels have been applied. (See Supplementary Materials).

Additional emission sources attributable to oil, gas, and coal operations include CO, vented
from processing of raw (sour) natural gas, CO, from gas flaring (typical at oil production sites
where gas is stranded), and fugitive or vented methane from oil and gas operations and coal
mining. These emission rates were derived from IPCC Tier 1 factors and corroborated with
EPA data on CO, and CH, leakage, flaring, and venting rates (IPCC 2006; EPA 2012a, b),
flaring data from the World Bank (World Bank 2012a), and coal mine methane venting rates
using data from U.S. and international sources (EPA 2011, 2012b; Stern and Kaufmann 1998;
European Commission 2011). Operational emission rates vary across the global oil, gas, and
coal industries by country, company, field location, offshore vs. onshore, surface vs. under-
ground coal mining, and decade of production. In all cases, the factors applied to each
producing entity are within the ranges proscribed by credible international sources.

The emission factors, methodology, and results are compared to the Carbon Dioxide
Information Analysis Center’s (CDIAC) database of global CO, emissions from 1751 to the
present (Marland and Rotty 1984; Marland et al. 2011). Methane emission rates are compared
to the European Commission’s Joint Research Centre’s EDGAR database of global CH,4
emissions by source from 1970 to 2008 (extrapolated to 2010; Stern & Kaufmann methane
data for 1860-1969). (See Supplementary Materials, and Heede 2013). A global warming
potential for methane of 21 xCO, (100-year time horizon) is used (IPCC 1996).

Seven cement manufacturers—six investor-owned companies in Japan, Switzerland,
France, Germany, Italy, and Mexico, plus China—contributed process emissions from the
calcining of limestone (CaCO;—Ca0O+CO,). Emissions of CO, from energy inputs to kilns
and power plants are excluded. The data is for 1990 to 2010, except China (from 1928).
Calcining emissions are from industry data submitted to the World Business Council for
Sustainable Development’s Cement Sustainability Initiative (WBCSD 2011).

5 Conservatisms, caveats, and uncertainties

Production data and thus attributed emissions are generally conservative. Early production
records are not always available, emission factors are typically at or below international values,
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non-energy uses were far lower in the early decades than the applied sequestration factor of
8 % for petroleum products (thus emissions would have been commensurately higher), natural
gas production was often not reported by producers prior to 1930 (gas was a low-value fuel in
the early 20th century, and often flared or vented to the atmosphere); accidental spills, “upset
conditions,” and emissions from acts of sabotage or war have been excluded from this
analysis. CO, emissions by the cement industry do not cover production prior to 1990 (except
for China). Consequently, this study underreports fossil fuel and cement production compared
to the actual history of production by nearly all of the carbon major entities. Unpublished
company records (if released) may fill in these reporting gaps in the future.

Potential sources of double-counting of oil and gas production have been minimized. Many
oil majors only reported gross rather than net or equity production in the 1950s to mid-1970s;
this analysis estimates net production by applying a net-to-gross ratio to those companies that
reported only gross production for selected years, based on each entity’s reporting of both net
and gross production in later years. Many state-owned oil companies report production in part
attributable to their international joint venture or production-sharing partners, or is otherwise
ambiguous or incomplete and often report total oil and gas production within the nation’s
territory or territorial waters. The details of production-sharing agreements, concessions, and
joint ventures are not publicly available, but each state-owned entity has been analyzed in
terms of dates of nationalization, equity buy-outs or asset seizures, and fractional shares of
national production to the extent this is publicly available (Victor et al. 2012; Marcel 2006;
World Bank 2008). Complete reporting by both investor-owned and state-owned companies
on equity or working interest production will remove any remaining inaccuracies. (See
Supplementary Materials and Heede 2013).

Attributed methane emissions are conservative relative to global coal industry methane
emissions (38 % of coal-related methane versus 51 % of global coal production). IPCC default
methane emission rates (which are 16 times higher for underground mining than for opencast)
are applied to all carbon major coal entities; this factor is scaled to the proportion of production
by mining method (60 % underground, and 40 % opencast) (IPCC 2006; World Coal
Association 2005). However, coal operators often do not specify opencast or underground
production, and carbon major entities may be attributed methane emissions that are substan-
tially lower than their actual emissions, or vice-versa. In addition, operators differ on direct
venting versus flaring or utilizing the methane, and company reporting on methane generation,
venting, and disposition is generally poor.

Factors for non-energy uses and direct emission of CO, from flaring and venting and
fugitive methane are based on international standards and data (IPCC 2006; U.S. EPA 2012b;
European Commission 2011; United Nations 2012; see Heede 2013). These are applied to
each entity, for each fuel, and for each year, but the operations of individual companies often
vary from international norms. Attributed methane, vented CO,, and flaring emissions are
conservative relative to international data on emission rates (IPCC 2006; Marland et al. 2011;
European Commission 2011).

This study includes energy consumption and emissions from the oil and gas industry’s use
of its own fuels at a rate of 5.9 % of natural gas production, less than the 9.5 to 10 % of
combined oil and natural gas production estimated for the oil and gas supply chain by the
International Petroleum Industry Environmental Conservation Association (IPIECA 2011).

Uncertainty ranges are difficult to estimate given the variety of producing entities,
reporting quality and completeness, and the additional emission sources applied to entities
with differing operating characteristics. Overall, however, the total emissions attributed to
the fossil fuel producers in this study are in close agreement with CDIAC estimates in
proportion to fuel production data for 1980-2010 (—2.3 % for crude oil & NGLs, +1.0 %
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for natural gas, and +3.3 % for coal). The uncertainties are mainly a result of incomplete or
unclear reporting by the fossil fuel and cement producers.

6 Results: “carbon majors”

A total of 914 billion tonnes of CO,-equivalent (GtCO,e) has been traced to 90 international
entities based on analysis of historic production records dating from 1854 to 2010. These
entities cumulatively produced 985 billion barrels (bbl) of crude oil and NGLs (79 billion bbl
were used for non-energy products), 2,248 trillion cubic feet (Tcf), and 163 billion tonnes of
various ranks of coal. The emissions traced to the carbon majors represent 63 % of global
industrial CO, and methane from fossil fuel combustion, flaring, venting, fugitive or vented
methane, own fuel use, and cement between 1751 and 2010 (Fig. 1; Table 1). The top source is
366 GtCO, from the combustion of oil products from 55 entities representing 77.5 % of the
global CDIAC estimate of oil emissions (Tables 1 and 2; Marland et al. 2011).

Of total industrial CO, and CH4 emissions from 1751 to 2010, one-half has been emitted
since 1984 (Marland et al. 2011). Of the emissions traced to carbon major fossil fuel and
cement production, half has been emitted since 1986 (Fig. 1). Cumulatively, emissions of 315
GtCO,e have been traced to investor-owned entities, 288 GtCO,e to state-owned companies,
and 312 GtCO,e to nation-states (Fig. 2). The dip in relative production by nation-states in the
late 1980s through early 2000s is due to the collapse of the Soviet Union and the creation of
new state-owned oil and natural gas entities in Russia as well as the transformation of China’s
petroleum sector into state-owned entities.

Cumulative emissions attributed to the twenty largest investor-owned and state-owned
energy companies between 1854 and 2010 total 428 GtCO,e, or 29.5 % of global industrial
emissions from 1751 to 2010 (Table 3). The ten largest investor-owned companies alone
contributed 230 GtCO,e, or 15.8 % of global emissions through 2010. (See Supplementary
Materials for results on all 90 entities.)

MECO2efy
36,000
32,000

28,000

= Global CO2 & CH4 emissions

244000 — Total Carbon Majors

20,000

16,000

12,000

8,000

e / w:’/

1850 1870 1890 1910 1930 1950 1970 1930 2010

Fig. 1 Global and Carbon Major entities’ CO, emissions, 1850-2010. Global industrial emissions of CO, from
CDIAC plus methane from Stern & Kaufmann & European Commission (black line). Results of all Carbon
Major entities’ emissions of CO, and methane (red line)
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Table 1 Industrial CO, and CH,4

emissions: comparing this study Carbon majors  CDIAC Carbon
to CDIAC data 1751-2010 1854-2010 17512010 *  majors
Source GtCO,e GtCO,e % of global
Oil & NGLs 365.7 472.0 77.5 %
Natural gas 120.1 176.1 68.2 %
Coal 329.6 642.5 513 %
Flaring 6.0 12.6 479 %
Cement 13.2 32.5 40.6 %
VentedCO, 4.8 na na
Global CO, combustion data is Own fuel use 7.1 na na
from CDIAC; methane is from Fugitive methane ~ 67.6 114.6 59.0 %
Stern & Kaufmann and European Sum 914.3 1,450.3 63.0 %

Commission data

7 Discussion

Parties to the Framework Convention agreed in 1992 that Annex I nations would
shoulder most of the burden of funding international negotiations, paying adaptation
costs for the poorest nations, and taking the lead in combating climate change, on the
basis of the argument that they had benefitted the most from being the largest
historical emitters, and therefore had the greatest responsibility for addressing it. This
regime has so far failed to reduce global GHG emissions (Olivier et al. 2012; Peters
et al. 2012; IEA 2012a; Victor 2009; Hohne et al. 2011), and some observers have
concluded that the process is at an impasse (Victor 2011; Schiermeier 2012; Rogelj
et al. 2010).

While not disputing the logic of the UNFCCC, the analysis presented here suggests a
somewhat different, and perhaps useful, way to consider responsibility for climate change. The
analysis highlights the fact that major producers of fossil fuels are not all located in Annex I

Table 2 Carbon majors cumulative

emissions 1854-2010, by source Entities  Total Percent of

category emissions  Carbon
Combustion # GtCOye Majors
Oil & NGLs 55 365.73 40.00 %
Natural gas 56 120.11 13.14 %
Coal 36 329.60 36.05 %
Flaring 56 6.04 0.66 %
Own fuel use 56 7.12 0.78 %
Cement 7 13.21 1.45 %
Vented CO, 54 483 0.53 %
Fugitive methane 83 67.62 7.40 %
Total 90 914.25 100.0 %
CDIAC global emissions 1751-2010 1,450.33
Carbon Majors of global emissions 63.04 %
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Fig. 2 Carbon Majors’ emissions by ownership category, 1910-2010. The total historic contributions of each
ownership category are nearly equal: 34.4 % investor-owned (red), 34.1 % nation-states (green), and 31.5 %
state-owned (blue), but the proportions vary over time

nations: Saudi Arabia, Iran, China, India, Venezuela, Mexico, Kuwait, Abu Dhabi,
and Algeria appear on the list of top twenty producers (Table 3). Of the 85 extant
entities, 54 are headquartered in Annex I countries, and 31 in non-Annex I nations.
Considerable benefits have accrued to these carbon majors, and to their state-sponsors
and investors. Given this, it seems reasonable to argue that they have an ethical
obligation to help address climate destabilization (Gardiner et al. 2010; Gardiner
2011). Moreover, many of these entities—both state- and investor-owned—possess the
financial resources and technical capabilities to develop and contribute to climate change
mitigation and adaptation.

The full menu or analysis of mitigation, adaptation, and climate amelioration options
available to the global carbon industry is beyond the scope of this paper. A partial list includes
developing carbon capture and storage capacity (Allen et al. 2009a), funding adaptation
programs (such as the UNFCCC Adaptation Fund), investing in or developing technologies
and programs to realize the enormous global potential for efficient use of carbon fuels (Lovins
2011), developing low- or zero-carbon alternative fuels and power generation systems, funding
geo-engineering research, publicly committing to capture and store or remove carbon
dioxide from the atmosphere commensurate with their historic emissions, supporting
international climate diplomacy and domestic climate legislation (as leading multina-
tional oil and gas companies have begun to do), and, in the event liability for historic
and/or future emissions is not averted, setting aside financial reserves to cover potential
climate liability claims. Greater transparency, including comprehensive reporting of all
direct and product-related emissions, and full disclosure to investors of potential
liabilities stemming from company operations or products, material risks to company
assets, or material threats to future profits from climate change is warranted (Hancock
2005; Coburn et al. 2011).

Focusing, for a moment, on the possibility of future efforts to capture and store carbon, note
that most of the entities highlighted in this analysis have the technical and institutional
capabilities necessary to lead research and development in carbon capture and storage or to
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Table 3 Top twenty investor- &

state-owned entities and attributed 2010 Cumulative - Percent
CO, & CH, emissions emissions 1854-2010 of global
Entity MtCOe  MtCOse 1751-2010
1. Chevron, USA 423 51,096 3.52 %
2. ExxonMobil, USA 655 46,672 322 %
3. Saudi Aramco, Saudi Arabia 1,550 46,033 317 %
4. BP, UK 554 35,837 247 %
5. Gazprom, Russian Federation 1,371 32,136 2.22 %
6. Royal Dutch/Shell, 478 30,751 212 %
Netherlands
7. National Iranian Oil Company 867 29,084 2.01 %
8. Pemex, Mexico 602 20,025 1.38 %
9. ConocoPhillips, USA 359 16,866 1.16 %
10. Petroleos de Venezuela 485 16,157 1.11 %
11. Coal India 830 15,493 1.07 %
12. Peabody Energy, USA 519 12,432 0.86 %
13. Total, France 398 11,911 0.82 %
14. PetroChina, China 614 10,564 0.73 %
15. Kuwait Petroleum Corp. 323 10,503 0.73 %
16. Abu Dhabi NOC, UAE 387 9,672 0.67 %
17. Sonatrach, Algeria 386 9,263 0.64 %
18. Consol Energy, Inc., USA 160 9,096 0.63 %
Right column compares each 19. BHP-Billiton, Australia 320 7606 052 %
entity’s cumulative emissions to 5y A ;015 American, United 242 7242 0.50 %
CDIAC’s global emissions 1751- Kingdom
fv(ﬁlo()s'eiﬁﬁi?oﬁﬁzhai?;’have Top 20 I0Cs & SOEs 11,523 428439 29.54 %
not been attributed to extant Top 40 I0Cs & SOEs 546,767 3770 %
companies, and five of nine All 81 I0Cs & SOEs 18,524 602,491 41.54 %
nation-states (FSU, China, Total 90 carbon majors 27,946 914,251  63.04 %
Poland, Russian Federation, and 1] global emissions 36,026 1450332 100.00 %

Czechoslovakia, in that order)

participate in other proactive climate mitigation programs. This analysis could provide a basis
for calculating the amounts of carbon that would have to be captured and stored by various
entities to compensate for their contributions to climate change to date, thus providing a factual
basis for thinking through what a fair proposal might look like.

Finally, and perhaps most important, the extant carbon major entities discussed in this paper
possess proven recoverable carbon reserves that will, if produced and emitted, intensify
anthropogenic climate change and greatly exacerbate the social, political, and economic
challenges related to it (Carbon Tracker 2011). Analysis based on historic emissions can also
be applied to each entity’s own carbon reserves and shares of its future carbon production that
would need to be captured and stored (or offset by other means) in increasing percentages per
annum (Allen et al. 2009a).

Indeed, the entities identified in this analysis hold two important assets—production
capacity and proven recoverable reserves—that, together with profit motives and tax and
regulatory incentives to discover and produce new fossil fuel reserves, hold the key to future
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fossil fuel production and emissions (Allen et al. 2009b), and thus, arguably, the future of the
planetary climate system. The International Energy Agency has concluded that “no more than
one-third of proven reserves of fossil fuels can be consumed prior to 2050 if the world is to
achieve the 2 °C goal” (IEA 2012b); most of these reserves are in the hands of carbon majors.
Redoubling international efforts to secure an effective climate agreement will likely prove
insufficient unless some means can be found to involve the carbon majors in the effort to keep
their reserves in the ground or commensurate efforts to prevent or offset their emission to
the atmosphere.

8 Conclusion

The analysis presented here focuses attention on the commercial and state-owned entities
responsible for producing the fossil fuels and cement that are the primary sources of anthro-
pogenic greenhouse gases that are driving and will continue to drive climate change. The
results show that nearly two-thirds of historic carbon dioxide and methane emissions can be
attributed to 90 entities.

This analysis offers a somewhat different perspective on the causes of and respon-
sibility for dangerous anthropogenic interference in the climate system. Without mini-
mizing the responsibility of Annex I nations, nor of China and India, often discussed,
this analysis highlights the role of some non-Annex I nations, such Saudi Arabia,
Venezuela, Mexico, Iran, Kuwait, Abu Dhabi, Libya, Nigeria, Indonesia, Brazil, and
other countries that have not been at the center of discussions regarding responsibility
for controlling emissions. Some of these nations are, in their role as carbon producers,
as important contributors to climate change as the Annex I nations who until now have
been the focus of attention.

Most analyses to date, as well as the UNFCCC structure, consider responsibility for
climate change in terms of nation-states. Such analyses fit the framework of interna-
tional law, insofar as treaties and conventions are based on agreements between nation-
states. However, responsibility can be understood in other ways as well, as done in the
present analysis tracing emissions to major carbon producers. Shifting the perspective
from nation-states to corporate entities—both investor-owned and state-owned
companies—opens new opportunities for those entities to become part of the solution
rather than passive (and profitable) bystanders to continued climate disruption. Future
work (Heede and Oreskes, in prep.) will examine the question of ethical, political, and
legal arguments to enlist or require these carbon majors in limiting further dangerous
anthropogenic interference with the climate system. Social pressures may be brought to
bear on investor-owned entities, which could work as an additional lever to push action
to reduce greenhouse gas emissions or removing CO, from the atmosphere. Regulation,
litigation, and shareholder actions targeted at the private entities responsible for
tobacco-related diseases played a significant role in the history of tobacco control;
one could imagine comparable actions aimed at the private entities involved in the
production of fossil fuels, particularly insofar as some of the entities included in this
analysis have played a role in efforts to impede legislation that might slow the
production and sale of carbon fuels. Energy companies have strong financial incentives
to produce and market their booked reserves and oppose efforts to leave their valuable
assets in the ground (Grantham 2012), but social and legal pressures may shift these incentives.
Identifying who the major carbon producers are, and have been historically, may provide a
useful basis for future social and legal pressure.
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Accounting for carbon and methane emissions 1854-2010

Abstract. Analysis of historic data on fossil fuel extracted by 83 of the world’s largest oil, gas, and coal
producing entities and CO, produced by the 7 largest cement entities provided the basis for estimating
emissions of carbon dioxide (COz) and methane (CH4) attributable to these carbon fuel and cement producers.
Annual production data typically reach back to 1920 or earlier for major oil and coal companies, and later for
state-owned oil companies in Algeria, Libya, Angola, Nigeria, China, Norway, Brazil, Persian Gulf states,
Venezuela, and other chiefly OPEC member countries. Production data for nation-states supplant investor-
owned companies in centralized economies, e.g., Soviet and Polish coal production. The entities include 50
investor-owned and 31 state-owned entities, and 9 current and former nation-states. The amount of carbon
extracted is calculated for each entity, by fuel type and year, and emission of CO; from produced & marketed
fuels is estimated after accounting for non-energy uses. Additional direct emissions — chiefly from
companies’ own operations, such as venting of CO; in gas processing, natural gas flaring, use of own fuels, and
fugitive methane from coalmines and oil and gas operations — are also estimated.

Total emissions of 914 billion tonnes of carbon dioxide equivalent (GtCOe) are traced to the fuels and cement
produced by the 90 Carbon Major Entities (CMEs) based on production data from as early as 1854 to 2010.
Emissions include 815 GtCO; from the combustion of produced & marketed hydrocarbon fuels, 13 GtCO from
cement production, 6 GtCO; from natural gas flaring, 5 GtCO; vented from natural gas, 7 GtCO from entities’
own fuel use, and 68 GtCOze from methane. The Carbon Dioxide Information and Analysis Center (CDIAC)
emissions database for fossil fuel CO, flaring, and cement production from 1751 to 2010 totals 1,323 GtCOx,
and 1,450 GtCOze with methane emissions. This project has quantified emissions equivalent to 63 percent of
CDIAC’s global emissions since 1751. Of emissions attributed to CMEs, half have occurred since 1986.

Overall uncertainty is +10 percent. The quality and completeness of production data varies, entities have
differing operating characteristics and produce fuels with variable carbon content from differing geologic
formations and geographic regions, reporting on methane emissions is often opaque, coalmine depth and
rank of produced coals is often not reported, CO, vented from raw natural gas and variable flaring practices
means that uncertainties for individual entities are often higher — typically in the #10-15 percent range. In
aggregate, the sum of all entity emissions is at or below global emissions of both CO; and methane. Emission
factors are based on internationally recognized sources such as the IPCC, World Bank, U.S. EPA, and the
European Commission, as well as data from producers, energy engineers, and professional associations.

1. Introduction

This project was undertaken to trace the origin of anthropogenic carbon dioxide (CO2) and
methane to the world’s largest extant producers of carbon fuels and cement. The primary
driver of climate change is not current emissions, but cumulative (historic) emissions. This
project quantifies and traces for the first time the lion’s share of cumulative global CO2 and
methane emissions since the industrial revolution began to the largest multinational and
state-owned producers of crude oil, natural gas, coal, and cement. These fuels, used as
intended by billions of consumers, has lead to the most rapid increase in atmospheric CO>
of the last 3 million years and the highest concentration of CO2 of the last 800,000 years.!

The atmosphere has a mass of 5.14 x 10> tonnes, of which COz constitutes 398.6 parts per
million (ppm) (and briefly reached 400 parts per million in May 2013).2 One ppm of CO>
corresponds to 2.13 billion tonnes carbon (GtC), and the mass of atmospheric carbon is 852
GtC, rising by about 4 GtC per year. The CO; level at the dawn of the industrial revolution

1 Luthi, D., M. Le Floch, B. Bereiter, T. Blunier, ].-M. Barnola, U. Siegenthaler, D. Raynaud, ]. Jouzel, H. Fischer, K. Kawamura,
& T.F. Stocker (2008) High-resolution CO2 concentration record 800,000 years before present, Nature, vol. 453:379-382.

2 Scripps Institution of Oceanography (2013) Atmospheric CO2 concentrations (ppm) derived from in situ air measure-
ments at Mauna Loa, Observatory, Hawaii. Data for June 2013. www.co2now.org Trenberth, K. E., & C. ]. Guillemot (1994),
The total mass of the atmosphere, J. Geophys. Res., 99(D11), 23079-23088, d0i:10.1029/94]D02043.
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was 278 ppm, or 592 GtC. The rapid rise in carbon dioxide is the result of human alteration
of the carbon cycle through land-use and deforestation over the last several millennia and,
more significantly, from the mining and combustion of geologic deposits of fossil fuels since
the invention of the steam engine in the late 18% Century when fossil fuel use began in
earnest (Figures 1 and 2).3 In fact, the majority of the net rise of 260 GtC in atmospheric
carbon is from the consumption of fossil fuels.

Figure 1. Global greenhouse gas emissions by gas, 2005.
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The natural flows of carbon dioxide (CO2) through the biosphere and ocean are much larger

than humanity’s contribution of industrial and land use emissions that gradually increase
atmospheric concentration of CO; and other greenhouse gases (GHGs) that are warming

3 Carbon emissions from land use and deforestation account for 17% of total greenhouse gas emissions, or 22% of total
CO2z emissions. IPCC (2007) Fourth Assessment Report, Synthesis Rpt, Figure 2.1. Also see Raupach, 2011.
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the earth’s atmosphere and oceans (Figure 3). The bulk of emissions are of recent vintage:
one-half of cumulative global emissions of industrial CO2 from fossil fuel combustion and
cement manufacturing since 1751 have occurred since 1984, that is, in the last 26 years of
the 260-year anthropocene (Figure 4; also see Figure 2 and Figure 8).

Figure 3. Carbon dioxide sources and sinks
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Figure 4. Atmospheric concentration of carbon dioxide and methane 1978-2010.
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This era of human alteration of the atmosphere was termed the anthropocene by Eugene
Stoermer and popularized by Paul Crutzen. By the 1890s, when Svante Arrhenius did his
pioneering work estimating the global warming from a doubling of atmospheric CO>
content, it was inconceivable to him that fossil fuel use would ever reach the scale required
for such a doubling. The world is on the verge of achieving the inconceivable. Significant
changes to the world’s agricultural productivity, hydrology, desertification, extreme
weather, droughts, heat waves, species extinctions, and rising seas are already detected
and attributed to human use of nature’s abundant stores of carbon fuels.

Great economic expansion and the general rise in comfort, shelter, food, and clothing have
flowed from human ingenuity, in large measure driven by ubiquitous use of convenient,
storable, transportable, and powerful carbon fuels. Some of the greatest technological
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achievements continue to be found in the extraordinary ways in which carbon fuels are
brought to the surface from increasingly remote and hostile environments. The world’s
most massive ground and marine vehicles and facilities are built to find, extract, process,
and transport our fuels and derivative petrochemical products to billions of consumers.
The extraction, delivery, and final combustion of carbon fuels in one billion vehicles,
millions of buildings, and tens of thousands of aircraft and ships has relieved the world of
much human drudgery, helped feed the hungry, and made the average citizen richer and far
more comfortable than in centuries past.

The world burns hydrocarbon fuels in massive quantities (equivalent to 12.6 km3 of oil per
year, or 430 m3 (370 t) of oil per second), to heat buildings, for industrial processes, and to
power pistons and turbines to move vehicles, aircraft, and power plants.* We know where
the products of combustion end up: in the atmosphere as waste heat, water vapor, carbon
dioxide, and other contaminants. Where does the carbon come from? Who provides these
fuels to the global market? These are the questions this project seeks to answer.

The project

The primary objective is to quantify and trace historic and cumulative emissions of carbon
dioxide and methane to the largest extant fossil fuel and cement producers. This project
focuses on the industrial carbon fuels and cement manufacturing, and details the annual
and cumulative contribution of each of the largest 90 producers from as early as 1854 (but
typically later) to 2010. National greenhouse gas (GHG) inventories estimate aggregate
emissions of the six “Kyoto gases,”> chiefly from fuel consumption, process emissions,
fugitive methane, and land-use changes. This project’s focus is to trace emissions back to
the corporate producers of the lion’s share of the world’s carbon fuels and cement.

Current production of fossil fuels by multinational and state energy enterprises is well
known, as are the historic emissions of the world’s 196 nations. This project is a first
attempt at aggregating historic data by carbon producing entities. The work is unique in
converting production of all fossil fuels into the carbon content and resulting emissions of
carbon dioxide upon the combustion of marketed fuels, and in tracing emissions to the
primary producing entities.

We quantify the annual production of carbon fuels, subtract fuels used for non-energy
purposes (carbon stored in products rather than oxidized), consider the carbon content of
each fuel type produced, and trace final emissions of carbon dioxide to each producing
entity, regardless of the final end-user of the carbon fuels. In addition, we estimate direct
emissions from flaring and venting of carbon dioxide, emission from each entity’s own fuel
use, and fugitive emissions of methane from entity operations.

The Carbon Majors project followed the publication of Friends of the Earth International
(2004) Exxon’s Climate Footprint: The Contribution of ExxonMobil to Climate Change Since
1882 based on Heede (2003) ExxonMobil Corporation: Emissions Inventory 1882-2002:
Methods & Results, a project under the auspices of the Climate Justice Programme, London.

4 Based on 2010 global emissions of industrial carbon dioxide (33,486 MtCO2z (CDIAC)), converted to oil equivalent at
0.375 m3 of oil per tCO2. This calculation is based on 423.85 kg COz per bbl, and excludes non-energy uses.

5 Carbon dioxide (CO2), methane (CHa4), nitrous oxide (N20), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs),
sulphur hexafluoride (SF¢). In this project we include only industrial sources of CO2 and CHa.
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No starting year was set for fossil fuel production; this is determined by the availability of
production data for each entity. The earliest data are for 1854 (Westmoreland Coal). The
largest multinational oil companies were established prior to World War I, and most state-
owned oil companies were formed in the 1970s.% Production data are often unavailable for
the early years of an entity’s existence, but most production data are relatively complete
from the 1930s forward. According to the global emissions database maintained by the
Carbon Dioxide Information Analysis Center (CDIAC), of cumulative emissions over the
1751-2010 period, only 0.4 percent had been emitted by 1854, 3.4 percent by 1900, and
10.4 percent by 1930.7 (See Figure 8 for global emissions 1810-2010.)

A threshold for inclusion in this study was set at the production of 28 million tonnes of
carbon (MtC) in a recent year. While some entities are below this threshold — coal mining
operations by large oil companies, for example, or companies whose production met the
threshold in 2005 (when this project started) but has since declined, or a smaller company
acquired by a larger one — the rule still applies in order to have a manageable number of
total entities. The total number of entities also varies through mergers and acquisitions.

A variety of enterprise ownership and governance structures are included:

* Investor-owned fossil fuel and cement producers (chiefly multinational corporations, e.g.,
BP, Chevron, Xstrata, Peabody, Hess, Lafarge, and BHP Billiton);

* Privately-held producers (e.g., Murray Energy Corp., a U.S. coal mine operator);

* Government-owned enterprises (state-owned oil producers such as StatQil, Petrobras,
Pemex, and the many National Oil Companies in Africa, the Middle East, and Asia);

* Current or former centrally planned economies with limited non-government producers,
such as the Former Soviet Union (FSU) for coal, oil, and natural gas until the dissolution of
the USSR in 1991, and coal-producing nations such as Kazakhstan and Poland.

2. The procedure and methodology: an overview

The procedure starts with company or entity net fossil fuel production data from publicly
available sources, estimation of the carbon content of each fuel type, deduction for non-
energy uses of produced fuels (which determines carbon storage rates but also accounts
for emissions from non-energy uses, such as short-term oxidation of lubricants, waxes,
petrochemicals, and other petroleum products), and emission factors for each fuel, for each
entity, and for every year for which production data have been found.

A threshold of 28 MtC/year was established for entity production. Company production
data was gathered from publicly available sources (annual reports in the collections of

public and academic libraries, filings with the U.S. Securities and Exchange Commission,
compilations in published literature, and company histories 8910.111213) entered on excel

6 Standard Oil 1870; BP (Anglo Persian Oil Company, in 1909, as a subsidiary of Burmah 0il); Royal Dutch Shell 1907;
Chevron (as the Texas Fuel Company in 1901, Texaco, and Pacific Coast Oil Company as Standard Oil of California, Socal);
Gulf Oil and Mobil (Socony -Vacuum Oil Company) were established in 1911 upon the Supreme Court dissolution of
Standard Oil Trust; Gulf Oil in 1907; ENI in 1926 (as AGIP); Pemex in 1938. For more information on the “wave of
nationalization” in the 1970s and early 1980s, see: Victor, David G., David Hults, & Mark Thurber (2012), Figure 20.2.

7 Marland, Gregg, T. A. Boden, & R.]. Andres (2011) “Global, Regional, and National CO2 Emissions.” In Trends: A
Compendium of Data on Global Change, Carbon Dioxide Information Analysis Center, Oak Ridge Nat. Lab., U.S. DOE.

8 Bamberg, James H. (1994) The History of British Petroleum: The Anglo-Iranian Years, 1929-1954.
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worksheets, and carefully annotated with data sources, units, information on net or gross
production, and caveats, limitations, data gaps, and ambiguities. The available fossil fuel
production datasets are sought from the earliest dates available; for some entities this
extends to the establishment of the company (in the 1890s or 1900s for the oil majors). The
production records are not always complete from the early years of an entity’s existence —
either from missing data early in the entity’s history or gaps in production data (the latter
are interpolated, the former are not estimated).14

We applied emission factors derived from IPCC default (Tier 1) values on combustion
emissions for each fuel and rank of coal and modified by deducting net non-energy uses of
each fuel in order to estimate the emissions traced to the production of carbon fuels by
each entity for each year and fuel type.15> Every entity’s cumulative emissions from each
fuel type are linked to a summary worksheet, in which four additional emission sources are
estimated: vented CO2 from natural gas processing, CO2 from gas flaring, CO2 from own fuel
use, and fugitive COz and methane (CH4) from oil and gas operations and coal mining.16

The results are compared to CDIAC estimates of annual and cumulative carbon dioxide and
methane emissions by from as early as 1751 (in the case of coal) to 2010.17

Global emissions from cement production are 2.4 percent of cumulative CO2 emissions
1751-2010, and have risen to 4.9 percent of 2010 emissions. Emissions of COz from the
calcining of limestone (CaCO3) into cement clinker are estimated for 7 cement producers.

Readers are encouraged to review the detailed discussion of the methodology in Annex B.

3. The accounting protocol and rules (in brief)

The procedure employed in this project starts with company (or entity) net fossil fuel pro-
duction data from published sources, estimation of the carbon content of each fuel type,
subtraction for non-energy uses of produced fuels and feedstocks, emission factors for each
fuel, for each entity, for each and every year for which production data has been found. This
is conceptually straightforward, but is complex in practice.

Carbon Major entities were initially selected in 2005-2006 from a combination of sources,
such as 0il & Gas Journal, Energy Intelligence Top 100 Oil, National Mining Association coal
mining data, and EIA International Energy Statistics for extant companies that meet the 28
MtC/yr threshold. Some entities have since been added, while others were absorbed
through mergers or acquisitions.

9 Gibb, George Sweet, & Evelyn H. Knowlton (1956) History of Standard Oil Company (NJ]), 1911-1927: The Resurgent Years.
10 Hidy, Ralph, & Muriel Hidy (1956) Pioneering in Big Business: History of Standard Oil Co, 1882-1911.

11 Howarth, Stephen (1997) A Century in Oil: The Shell Transport & Trading Co 1897-1997.

12 Yergin, Daniel (1991) The Prize: The Epic Quest for Oil, Money, and Power.

13 Giddens, Paul H. (1955) Standard Oil Company (Indiana): Oil Pioneer of the Middle West.

14 Reporting of production data did not become common practice until the laws that established the U.S. Securities and
Exchange Commission and corporate reporting standards were passed by the U.S. Congress in 1933 and 1934.

15 Intergovernmental Panel on Climate Change (2006) 2006 IPCC Guidelines for National Greenhouse Gas Inventories:
Volume 2: Energy, Geneva; www.ipcc-nggip.iges.or.jp/public/2006gl

16 Intergovernmental Panel on Climate Change (2006) Volume 2: Energy, Chapter 4: Fugitive Emissions, Geneva.

17 Annual and cumulative CO2 emissions traced to the 90 carbon major entities are compared to the CDIAC database
(Marland, Boden, & Andres, 2011); attributed methane emissions are compared to global estimates by Stern & Kaufmann
(1998) and European Commission's Joint Research Centre (2011) Global Emissions EDGAR v4.2: Methane Emissions.
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Mergers and acquisitions are tracked; acquired assets are attributed to the extant company
(e.g., Chevron is attributed Texaco’s production and emissions legacy, as well as previously
acquired Gulf Oil, Mission, Skelly, Unocal, Getty Oil). Divestitures and disposition of assets
are also accounted for; production from divested assets is reflected in subsequent annual
reports. Nationalized or expropriated assets are also tracked insofar as equity production
is accurately reported by multinational oil companies. Net equity or “working interest”
production data are used. It was common practice in the 1960s and 1970s to only report
gross production, in which cases net production is estimated from a “net-to-gross ratio.”

Figure 5. Chevron and Texaco mergers and acquisitions, detail 1926-2001.
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Courtesy Chevron.com. See Annex E.

Carbon dioxide emissions from cement production are estimated by a proportion (rising
from 54 percent in 1990 to 67 percent in 2010) of gross emissions reported by the major
cement companies to the Cement Sustainability Initiative.l® The attributed proportion of
gross emissions estimates the process emissions of the CO2 emitted from high-temperature
calcining of limestone (CaCO3z — CaO + COz2) into clinker, or Portland cement, thus excluding
emissions from fuel and electricity inputs (to avoid double-counting of fuels already
accounted for by carbon major entities (CMEs) or other primary producers).

Attribution of emissions to cement producers differs from emissions traced to fossil fuel
producers. In the latter, emissions are traced back to original extractors and providers of
carbon fuels; as such they are not the consumers of the fuels and thus not the final emitters
(except for direct emissions). In the case of cement, emissions are traced to the entity that
processes limestone into cement rather than to the limestone extractors. Cement entities
are usually opaque on whether they own the limestone quarries or they procure it from
independent mining companies. Both carbon fuel and cement companies provide products
to the global market that emit CO; in their conversion to marketable products (comparable
to an oil company’s flaring emissions); the major difference is that carbon fuel producers
sell products that are themselves sources of additional carbon dioxide emissions.

18 World Business Council for Sustainable Development Cement Sustainability Initiative (2011) COz and Energy
Accounting and Reporting Standard for the Cement Industry, www.wbcsdcement.org, May11, 76 pp
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Figure 6. Chevron and its predecessors’ production of oil and NGLs, 1912-2010 (detail).
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Carbon Majors worksheet on Chevron and its mergers & acquisitions. See Annex D for the full PDF of the worksheet.

4. Uncertainties (in brief)

The core idea of attributing industrial emissions of CO2 and methane to fossil fuel and
cement producers is simple. While industrial emissions of COz and methane attributed to
nations based on the consumption of fossil fuels and cement manufacture is already well-
known within a relatively narrow uncertainty range,° this project is the first attempt at
attributing emissions to carbon producers and therefore involve greater uncertainties.

Uncertainties, data gaps, ambiguities, choice of methodologies, poor or non-existent
reporting of fuel production by Carbon Major Entities (CMEs), potential double-counting,
and missing data complicate the actual work. Estimated uncertainty for the cumulative sum
of entities is £10 percent, although it can be higher for individual entities, since production
data is more complete in recent decades, and emission factors for coal combustion and
methane are globally conservative but vary for individual coal companies. Uncertainties are
fully discussed in Annex B (Methodology), and an overview is offered here.

19 The Global Carbon Project, for example, cites uncertainty for fuel combustion estimates as +5 percent for one standard
deviation (IPCC “likely” range). Global Carbon Project (2012) Global Carbon Budget 2012, www.globalcarbonproject.org.
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We seek reliable and publicly available production data, preferably self-reported by the
producers. There are data gaps (which are interpolated) in the historic records for some
entities; for many entities we do not have production data back to the establishment of the
company (this results in minor cases of under-reporting, since early production is usually
dwarfed by decades of company expansion). We have corrected the known over-reporting
that occurs when oil majors report only gross production (common in the 1950s to 1970s)
by applying a “net-to-gross” ratio to the years of reported gross production.z0

Figure 7. National Oil Companies with Partial Private Ownership.
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The greatest source of uncertainty is with respect to production by state-owned oil and gas
companies (such as Saudi Aramco, National Iranian, Petroleos de Venezuela, Sonangol).
While we have largely succeeded in reporting net production by multinational oil
companies operating in these countries, there is greater uncertainty regarding production
reported by the National Oil Companies — reporting which either erroneously includes
production transferred to (and reported by) their international operating partners or
appears to report total national production as their own. The production reported in Oil &
Gas Journal is the primary source for the state-owned companies that do not report
production data, or only rarely do so. We have eliminated much of the potential double-
counting through a review of the available literature on equity production and production-
sharing agreements and made downward revisions to production reported by state-owned
oil and gas companies, or, in some cases, the production reported by Oil & Gas Journal in its
annual 0GJ100 review of international companies.?! Uncertainties remain, however, and

20 See Annex B: Methodology, section 3: Uncertainties / Production data. Net production data is preferred, since gross
production usually includes production due a joint venture or a production-sharing partner or a state resource owner.
21 Victor, David G., David Hults, & Mark Thurber, eds, (2012) Oil and Governance: State-Owned Enterprises and the World
Energy Supply. Marcel, Valerie (2006) Oil Titans: National Oil Companies in the Middle East. Aissaoui, Ali (2001) Algeria:
The Political Economy of Oil and Gas. Ariweriokuma, Soala (2009) The Political Economy of Oil and Gas in Africa: The Case

Richard Heede Climate Mitigation Services
heede@climatemitigation.com 13 Snowmass, Colorado, 81654, 970-927-9511





state-owned producers are encouraged to provide complete records of equity production
for each year of its corporate history. Figure 7 shows ownership shares in many of the
state-owned oil and gas companies detailed in this analysis.22

The emissions associated with entity use of their own produced fuels are included as an
additional emission source for oil and gas producers (coal producers are excluded, since
data on entity use of produced coal is not available and is likely negligible). Company use of
its own fuels include field use of produced natural gas for compressors, or similar uses on
offshore production platforms or at refineries and processing facilities, pipelines, and for
on-site power generation. Each entity’s use of own fuels is highly variable; we estimate
average own energy use equal to 5.9 percent of emissions from market natural gas.23 See
the methodology discussion in Annex B for details.

Non-energy uses introduce another set of uncertainties. No two oil producers refine the
same proportion of petrochemical precursors (such as ethylene), lubricants, waxes, road
oil, and other non-energy products that effectively store carbon. (We do account for net
carbon storage by crediting combustion of plastics, tires, lubricants, greases, and volatiles
back to the emissions column.) Natural gas and coal are also used for non-energy products.
Non-energy uses vary by season, geography of production, oil gravity, where it is shipped
and refined, and innumerable other variables that cannot be fully reflected in a single
global non-energy factor. Furthermore, petrochemical use has expanded at differing rates
around the globe and from decade to decade. Like other global emission databases (such as
CDIAC’s), we have to apply one consistent and constant factor for non-energy uses for each
fuel type, and while the factor may be reasonably accurate globally, it may not reflect the
disposition of each entity’s oil and gas products.

Oil produced and stored in Strategic Petroleum Reserves starting in 1971, chiefly in OECD
nations and China, is not accounted for. This omission is minor, since total stored volumes
in 2010 amounted to 4.1 billion bbl, or 0.42 percent of the 976 billion bbl produced globally
between 1971 and 2010. Furthermore, the crude oil will be refined and marketed once the
oil is released from the reserves, so it is merely a delay in emissions.

Emission factors, largely based on [PCC values, are assigned an uncertainty range of +5
percent, although in practice — particularly for coal producers that do not report coal rank,
quality, or heating values — the uncertainty is higher: a company’s reported production of
“thermal coal” can range in carbon content from sub-bituminous to bituminous coal,
suggesting an uncertainty range of +15 percent in emissions per tonne of coal production.
Most producers, backed by our research on coal rank in operating regions of several
companies, fall in a narrower uncertainty range. The coal emission factor applied to carbon
major coal producers is, on average, 4.4 percent higher than the average coal emission

of Nigeria. World Bank (2008, & 2008b) A Citizen's Guide to National Oil Companies, Technical Report, and Data Directory.
Baker Institute (2007) The Changing Role of National Oil Companies in International Energy Markets, Rice University.
Grayson, Leslie (1981) National Oil Companies.

22 World Bank (2008) A Citizen's Guide to National Oil Companies, Part A: Technical Report, World Bank, Washington, &
Center for Energy Economics, Bureau of Economic Geology Jackson School of Geosciences University of Texas, Austin.

23 We analyzed own energy use reported by eleven company data submissions to the Carbon Disclosure Project. Scope 1
“combustion” emissions are assumed to represent own fuel use, typically 47 percent petroleum products and 53 percent
natural gas. Estimated own fuel emissions ranged from 5.1 percent to 17.0 percent of emissions from sold products (Hess
and ENI, respectively) and average 11.3 percent (weighted). We adjust this downward by allocating only own use of
natural gas (excluding own use of petroleum products, the carbon for which is fully allocated); the final emission factor is
59.24 kgC02/tCO2 from product combustion, or 5.92 percent.
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factor calculated from CDIAC results over 1980 to 2010. This provides some assurance that
our estimates are reasonable, given the highly variable coal ranks and ambiguous reporting
by many entities in this analysis.

Estimates of emissions from vented COg, flared natural gas, and fugitive COz and methane
from oil and gas operations and coal mines (mining and post-mining) are based on peer-
reviewed sources — primarily IPCC default values (except for methane from oil and gas
operations where U.S. EPA methane rates are used; see Annex B for discussion) — and are
reasonable globally, but with higher uncertainty for individual producers. For example, we
derive the coal methane factor by averaging methane rates (IPCC default values) from
developing and developed countries, combining mining and post-mining, and weighting the
factors for underground and surface coal production in 2005 (60 percent underground, 40
percent opencast).? This yields a reasonable global factor, but underestimates methane
emissions for underground operators and vice-versa for opencast operators.2> For example,
a coal operator with underground (UG) mines will have a methane emission rate of 13.7 kg
CH4/tonne of coal mined (using the average IPCC factor for UG mines, although each mine’s
“gassiness” will vary) and will be attributed a methane emissions rate of 7.30 kg CH4/t coal
mined, an underestimate of 46.7 percent. This reduces total emissions attributed to this
operator — the sum of CO; from coal combustion and methane leakage — by 6.8 percent.

5. Emission factors for combustion of crude oil, natural gas, &

coal, and ancillary emissions of carbon dioxide & methane

The emission factors applied to each entity’s production of crude oil and natural gas liquids
(NGLs), natural gas, and coal, after accounting for net non-energy uses, are listed in Table 1.
The factors are based on IPCC values, except for natural gas, which is based on EPA factors.

Table 1. Emissions factors for combustion of crude oil & NGLs, natural gas, and coal

Carbon Carbon dioxide
Energy source kg C/unit kg COz2/unit
Crude oil & NGLs 101.4 kgC/bbl 371.4 kgCO2z/bbl
Natural gas 14.6 kgC/kcf 53.4 kgCOz/kcf
Lignite 328.4 kgC/tonne 1,203.5 kgCO2z/tonne
Subbituminous 495.2 kgC/tonne 1,814.4 kgCO2/tonne
Bituminous 665.6 kgC/tonne 2,439.0 kgCOz/tonne
Anthracite 715.6 kgC/tonne 2,621.9 kgCOz/tonne
“Metallurgical coal” 727.6 kgC/tonne 2,665.9 kgCOz/tonne
“Thermal coal” 581.1 kgC/tonne 2,129.3 kgCOz/tonne

Crude oil: prior to non-energy deduction & adjustment for NGLs: 115.7 kgC/bbl, 423.8 kgCO2/bbl;
Gas: prior to non-energy deduction: 14.86 kgC/kcf, or 54.44 kgCO2z/kcf; (kcf = thousand cubic feet).

Emissions from flaring and vented carbon dioxide and from fugitive and vented methane
from oil and gas operations and coal mining are shown in Table 2. This analysis uses a
global warming potential for methane of 21 x CO2, 100-year time horizon (per IPCC Second

24 World Coal Institute (2005) The Coal Resources: A Comprehensive Overview of Coal, London, worldcoal.org

25 Underground mines emit methane at 18 m3 per tonne, on average, compared to 1.2 m3/t for opencast (surface) mines.
This is primarily a function of coal seam depth. IPCC (2006) Guidelines, Volume 2, chapter 4: fugitive emissions.
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Assessment Report).2® The basic unit is kgCOze per tonne of COz (kgCO2e/tCO2) released
from combustion of petroleum, natural gas, and coal, and the total column shows additional
emissions per tCO> for each fuel type, and easily converted to percent. Additional emissions
from venting and flaring and methane are 6.02 percent for petroleum, 23.8 percent for
natural gas, and 8.47 percent for coal. These factors include deductions for non-energy uses
of each carbon fuel, but exclude the factor for entities’ use of own fuel.

Table 2. Emission factors for vented, flared, and fugitive carbon dioxide & methane

Combustion Flaring Vented Methane Methane Total
Entity kgCO2/tCO2  kgCO2/tCO2  kgCO2/tCO2  kgCH4/tCO2 kgCO2e/tCO2 kgCO2e/tCO2
Crude oil & NGLs 1,000 15.94 3.83 1.92 40.39 1,060.2
Natural gas 1,000 1.74 28.53 9.88 207.44 1,237.7
Coal 1,000 ne ne 4.03 84.73 1,084.7

ne: not estimated; see text for discussion. GWP factors on the 100-year time horizon, per IPCC SAR. The natural gas EF
excludes emissions from “own fuel use” of 59.24 kg CO,/tCO, (natural gas only).

The derivation and context for the above factors are discussed in Annex B: Methodology,
section 4: Emission factors, non-energy use, ancillary emissions of COz and CHas, own fuel
use and emissions, and cement protocol.

6. Results: all Carbon Major Entities, and by source

This project quantifies and traces emissions resulting from production of crude oil & NGLs,
natural gas, and coal to 83 of the world’s largest fossil fuel entities from as early as 1854
through 2010. Emissions from cement manufacture by seven entities are also estimated.

A cumulative total of 914 billion metric tonnes of carbon dioxide equivalent (GtCO2ze) is
attributed to 90 producing entities from the combustion of produced and marketed carbon
fuels (815 GtCOz), cement production (13 GtCOz), vented CO2 (5 GtCO2), flaring (6 GtCO2),
own fuel use (7 GtCOz), and fugitive methane from oil, natural gas, and coal production (68
GtCO2). The emissions traced to these “Carbon Major” entities represent 63.4 percent of
global industrial CO2 emissions from fossil fuel combustion, flaring, and cement over the
period from 1751 to 2010 (63.0 percent of CO2 and methane).?” That is to say, nearly two-
thirds of global industrial CO2 emissions since the industrial revolution can be traced to
fuels and cement produced by only 90 specific entities. This analysis includes nine current
and former nation-states in which investor-owned or state-owned enterprises have not
been established or play a minor historical or quantitative role, chiefly in the coal sector
(e.g., Former Soviet Union, Poland, North Korea). We first present cumulative results for all
90 entities, followed by results for investor-owned companies (I0Cs), state-owned entities
(SOEs), and current and former nation-states in Chapter 7.

Table 3 compares the results for all 90 carbon major entities to global historic industrial
emissions of COz and methane from 1751 to 2010 (CDIAC global data).

26 Intergovernmental Panel on Climate Change (1996) Climate Change 1995, Second Assessment Rpt, The Science of Climate
Change, IPCC Working Group [, Cambridge Univ. Press. See Table 4, p. 22.

27 Marland, Gregg, T. A. Boden, & R. ]. Andres (2011). Cumulative emissions of carbon dioxide from fossil fuel combustion,
flaring, and cement 1751-2010 total 1,336 GtCOz2, of which Carbon Majors total 846.6 GtCOz, or 63.4 percent. The fraction

is slightly lower for the sum of CO2 & methane: Global 1,450 GtCOze, of which carbon majors 914 GtCOze (63.04 percent).
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Table 3. All Carbon Majors and global emissions of CO; and methane, 1751-2010

Carbon Majors Global 1751-2010 * Carbon Majors
SOURCE GtCOze GtCOze % of global
Oil & NGLs 365.7 472.0 77.5%
Natural gas 120.1 176.1 68.2%
Coal 329.6 642.5 51.3%
Cement 13.2 325 40.6%
Flaring 6.0 12.6 47.9%
Vented CO: 4.8 na na
Own fuel use 7.1 na na
Fugitive methane 67.6 114.6 59.0%
Sum 914.3 1,450.3 63.0%

* Global CO, combustion data from CDIAC; methane from Stern & Kaufmann and European Commission JRC data.

Figure 8 charts and compares annual emissions of carbon dioxide attributed to all Carbon

Major entities to global emissions from 1810 to 2010. Table 4 shows the cumulative
emissions attributed to Carbon Majors entities, in GtCOze and percent by source.

Figure 8. Carbon Majors and global industrial CO. emissions 1810-2010
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Table 4. Carbon Majors cumulative totals, by source
Entities Total emissions Share of CME total
COMBUSTION # GtCOze Percent
0il & NGLs 55 365.7 40.00%
Natural gas 56 120.1 13.14%
Coal 36 329.6 36.05%
Flaring 56 6.0 0.66%
Own fuel use 56 7.1 0.78%
Cement 7 13.2 1.45%
Vented CO: 54 4.8 0.53%
Fugitive methane 83 67.6 7.40%
Total 90 914.3 100.0%
CDIAC global emissions 1751-2010 1,450.3
Carbon Majors of global emissions (CDIAC) 63.04 percent
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Net of non-energy uses, these emissions are attributed to the producers of 985 billion bbl
of crude oil and NGLs (of which the carbon in ~80 billion bbl has been stored through non-
energy uses), 2,248 trillion cubic feet (Tcf) of natural gas (63,653 billion cubic meters

(Bcm)), and 163 billion tonnes of various ranks of coal.

Figures 9 & 10 illustrate how this project’s results differ from CDIAC’s totals by source. This
project quantifies 77.5 percent of global historic emissions from crude oil, 68.2 percent of
natural gas, 51.3 percent of coal, 40.6 percent of cement, 47.9 percent of flaring, and 59.0
percent of fugitive methane (compared to CDIAC/JRC). The emissions attributed to Carbon
Majors based on data from 1854 or later are equivalent to 63.0 percent of estimated global
industrial emissions of carbon dioxide and methane over the period 1751 to 2010.

Figure 9. Global industrial CO; emissions 1900-2010, by source
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Figure 10. Carbon Majors CO; and methane emissions 1910-2010, by source
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Figures 11 and 12 compare the combined results for the 90 carbon major entities to CDIAC
cumulative estimates by fossil fuel combustion, cement emissions, vented CO, flaring, and
fugitive methane in percentage by source.

Figure 11. Distribution of global industrial CO; and methane emissions, 1751-2010
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Figure 12. Distribution of Carbon Majors CO; and methane emissions, 1854-2010
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FOSSIL FUEL PRODUCTION & EMISSIONS: CRUDE OIL AND NATURAL GAS LiQuibps (NGLS)
This project has documented a cumulative total of 984.7 billion bbl of oil & NGL production
from 55 entities, ranging in size from OMV (501 million bbl) to Saudi Aramco (108 billion
bbl). Non-energy uses took an estimated 8.02 percent of production out of the potential
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emissions column for use as feedstocks for petrochemicals, lubricants, road oils, waxes, and
similar uses, after accounting for short-term re-emission to the atmosphere. The final
emission factor is 371.4 kg COz per bbl (Table 1).

Oil & NGL emissions from fuel combustion total 365.7 GtCO2. CDIAC’s estimate of historic
emissions from combustion of liquids from 1870 to 2010 total 128.8 GtC, or 472.0 GtCOg;
this project has therefore documented emissions from oil and NGL combustion equivalent
to 77.5 percent of the cumulative total from liquids (CDIAC). Carbon dioxide from flaring,
vented and fugitive CO2, and fugitive methane adds 22.0 GtCOze. This project has quantified
and traced a total of 387.7 GtCOze to Carbon Major petroleum producers, 350.1 GtCOze of
which are attributed to all investor-owned and state-owned oil companies (Table 5).

Table 5. Top Twenty investor- & state-owned oil & NGL producers and attributed emissions

Data set 0il & NGL prod Emissions

Entity anno million bbl MtCO
1. Saudi Aramco, Saudi Arabia 1938-2010 108,050 40,133
2. Chevron, USA 1912-2010 98,492 36,583
3. ExxonMobil, USA 1884-2010 79,658 29,587
4. BP,UK 1913-2010 69,684 25,883
5. National Iranian 1928-2010 63,130 23,448
6. Royal Dutch Shell, The Netherlands 1892-2010 56,962 21,157
7. Pemex, Mexico 1938-2010 39,797 14,782
8. Petroleos de Venezuela 1960-2010 34,118 12,673
9. Kuwait Petroleum 1946-2010 25,095 9,321
10. ConocoPhillips, USA 1924-2010 24,961 9,271
11. Total, France 1934-2010 23,683 8,796
12. PetroChina 1988-2010 22,527 8,367
13. Abu Dhabi National Oil 1962-2010 20,352 7,559
14. Iraq National Oil 1960-2010 17,680 6,567
15. Libya National Oil 1961-2010 15,561 5,780
16. Nigerian National 1959-2010 15,023 5,580
17. Pertamina, Indonesia 1958-2010 13,241 4,918
18. Petrobras, Brazil 1960-2010 12,879 4,784
19. Sonatrach, Algeria 1959-2010 12,026 4,467
20. Lukoil, Russian Federation 1996-2010 9,023 3,352
All other I0C & SOE o0il & NGL producers 136,264 50,612
Sum all I0C & SOE producers 889,182 330,267
Vented CO; 1,266
Flaring CO; 5,266
Fugitive methane (CO,e) 13,341
Total 350,139

Emissions attributed to each entity are for combustion of oil products, and exclude additional CO; & methane.

FOSSIL FUEL PRODUCTION & EMISSIONS: NATURAL GAS

This project has documented the cumulative production of 2,248 trillion cubic feet (Tcf) of
natural gas (63,653 Bcm) of 56 entities, ranging in size from CONSOL (0.68 Tcf, for coalbed
methane recovery) to Gazprom (438 Tcf). Non-energy uses removed an estimated 1.86
percent of production out of the emissions column for petrochemicals and fertilizer
manufacture, once short-term re-emission to the atmosphere for non-energy uses were
accounted for. The emission factor is 53.43 kgCOz per 1,000 cubic feet (kcf) (Table 1).
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Emissions from the combustion of natural gas total 120.1 GtCO. The CDIAC estimate for
natural gas emissions over the period from 1885 to 2010 totals 48.0 GtC, or 176.1 GtCOg;
this project has documented emissions from natural gas combustion equivalent to 68.2
percent of the total estimated by CDIAC. Additional CO; from flaring, vented CO2, entity use
of its own natural gas, and fugitive methane from natural gas systems adds 35.7 GtCOze.
Emissions quantified and attributed to natural gas producers total 155.8 GtCOze, of which
132.5 GtCOze is traced to all investor-owned and state-owned oil companies (Table 6).

Table 6. Top Twenty investor- & state-owned natural gas producers & attributed emissions

Data set Natural gas prod Emissions

Entity anno billion cf (Bcf) MtCO:
1. Gazprom, Russian Federation 1989-2010 437,606 23,383
2. ExxonMobil, USA 1900-2010 200,228 10,699
3. Chevron, USA 1935-2010 158,420 8,465
4. Royal Dutch Shell, The Netherlands 1930-2010 120,068 6,416
5. BP,UK 1932-2010 106,799 5,707
6. ConocoPhillips, USA 1926-2010 101,538 5,426
7. Sonatrach, Algeria 1961-2010 65,327 3,491
8. Pemex, Mexico 1959-2010 62,824 3,357
9. National Iranian 1956-2010 60,965 3,258
10. Saudi Aramco, Saudi Arabia 1955-2010 50,289 2,687
11. Petroleos de Venezuela 1960-2010 39,282 2,099
12. Total, France 1972-2010 37,309 1,994
13. ENJ, Italy 1950-2010 36,679 1,960
14. Petronas, Malaysia 1974-2010 34,971 1,869
15. Anadarko, USA 1945-2010 27,604 1,465
16. PetroChina 1988-2010 24,433 1,306
17. Abu Dhabi NOC 1962-2010 23,926 1,278
18. Pertamina, Indonesia 1958-2010 23,319 1,246
19. Statoil, Norway 1977-2010 19,079 1,019
20. Repsol, Spain 1987-2010 18,377 982
All other I0C & SOE natural gas producers 262,474 14,025
Sum all I0C & SOE producers 1,912,213 102,176
Vented CO; 2,915
Flaring CO> 177
Own fuel use 6,053
Fugitive methane (CO7e) 21,196
Total 132,518

Emissions attributed to each entity are for combustion of natural gas, and exclude additional CO; & methane.

Note: Multinational companies were, historically, more interested in producing oil, not
natural gas, and the gas was pipelined to processing plants or (more often) flared, re-
injected to maintain reservoir pressures, or, in many cases, simply vented. Many state-
owned entities did not report natural gas production (in which case we used the U.S. EIA
international production statistics for each producing country on the assumption that none
or little of the gas was exported).?® Now that natural gas is increasingly monetized as LNG
or exported by pipeline, far less natural gas is flared. Flaring from oil production in 2010
totaled 4,734 Bcf (134 Bcm) — down 15 percent since 2007 — of which 26 percent is from
Russia, 11 percent from Nigeria, 8 percent from Iran, and 1.6 percent from the USA.2°

28 U.S. Energy Information Administration (2013) Country Studies, U.S. DOE, www.eia.gov/countries
29 World Bank (2011) Gas flaring from gas associated with oil production; 2006-2010, go.worldbank.org/D03ET1BVDO
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FOSSIL FUEL PRODUCTION & EMISSIONS: COAL

This project documented the cumulative production of 162.7 billion tonnes (Gt) of 36
entities, ranging in size from Anadarko/Kerr-McGee (0.30 Gt) to Coal India (8.1 Gt). Non-
energy uses took an estimated 0.02 percent of production out of the emissions column for
coking coal (accounting for the carbon in steel-making), carbon fibers, and other industrial
uses. The average emission factor is 2.025 kg CO2 per kg coal — but ranges from a low of
1.203 kg CO2/kg for lignite producers (e.g., Luminant, North American Coal) to 2.439 kg
CO2/kg for bituminous coal producers (e.g., Sasol, UK Coal, and Murray Coal) and 2.665 kg
CO2/kg for metallurgical coal (e.g., BHP-Billiton, Xstrata).

Table 7. Investor-owned & state-owned coal producers and attributed emissions

Data set Coal prod Emissions

Entity anno million tonnes (Mt) MtCO

1. British Coal Corp., UK 1947-1994 7,275 17,742
2. Coal India, India 1973-2010 8,052 14,282
3. Peabody Energy, USA 1945-2010 5,341 11,461
4. CONSOL Energy, USA 1864-2010 3,454 8,342
5. Anglo American, UK 1909-2010 2,963 6,676
6. RWE, Germany 1965-2010 4,717 6,309
7. Rio Tinto, Australia 1961-2010 2,697 5,495
8. Arch Coal, USA 1973-2010 2,550 5,428
9. BHP-Billiton, Australia 1955-2010 2,345 5,355
10. Sasol, South Africa 1953-2010 1,329 3,241
11. Xstrata, Switzerland 1998-2010 828 2,049
12. Massey Energy, USA 1981-2010 811 2,027
13. Alpha Natural Resources, USA 1998-2010 879 1,981
14. Singareni Collieries, India 1947-2010 978 1,735
15. Occidental, USA 1945-1992 688 1,725
16. Cyprus Amax, USA 1969-1998 1,084 1,611
17. Westmoreland Coal, USA 1854-2010 878 1,411
18. ExxonMobil, USA 1970-2002 619 1,317
19. Chevron Mining (& Midway), USA 1965-2010 504 1,229
20. Kiewit Mining Group, USA 1944-2010 671 1,194
21. North American Coal, USA 1950-2010 905 1,088
22. Ruhrkohle AG, Germany 1989-2003 631 1,049
23. Luminant, USA 1977-2010 804 967
24. BP Coal, The Netherlands 1960-1989 431 918
25. Murray Coal, USA 1988-2010 301 734
26. UK Coal, UK 1995-2010 300 732
27. Kerr McGee (Anadarko), USA 1979-1996 299 636
Sum all I0C & SOE coal producers 52,333 106,736
Vented CO; na
Flaring CO; na
Fugitive methane (COze) 9,043
Total 115,779

Emissions attributed for coal combustion, and exclude methane; see Table 22 for nation-states.

Emissions traced to the Carbon Major coal entities total 329.6 GtCO. The CDIAC estimate
for coal emissions from 1751 to 2010 totals 175.4 GtC, or 642.5 GtCOz2; this project has
documented emissions from coal combustion equivalent to 51.3 percent of the global
cumulative total estimated by CDIAC. Methane emissions from vented or fugitive methane
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comprise 7.8 percent of total coal emissions (27.9 GtCOze of 357.5 GtCOze). (Table 7.) The
24 investor-owned coal companies are attributed 79.2 GtCOze, and the three state-owned
coal companies (one of which, British Coal Corporation, is no longer extant) are attributed
36.6 GtCOze. Coal production and emissions traced to the nine nation-states total 241.8
GtCOze, and thus makes up the bulk of attributed coal emissions.30

As noted in the Methodology Annex, this project tracks rank or heating values of produced
coal companies when reported. Carbon content factors (IPCC data) are applied in order to
estimate final emissions traced to each company’s coal production. Background research
on the coal quality or rank for non-reporting companies in coal regions in which the
companies operated was conducted to elucidate the carbon content of coal mined.

CEMENT PRODUCTION & EMISSIONS

This project has attributed a total of 13.2 GtCO2 of industrial process emissions to seven
cement entities, ranging from Taiheiyo Cement (0.40 GtCO3) to Lafarge (1.0 GtCOz). The
average emission factor is 0.540 kg CO; per kg cementitious product. The CDIAC estimate
of cement emissions over the period from 1928 to 2010 totals 8.88 GtC, or 32.5 GtCOz; this
project has therefore documented emissions from cement manufacturing equivalent to
40.6 percent of the cumulative total estimated by CDIAC.31 Process emissions from the
calcining of limestone totaling 4.1 GtCO2 have been traced to the six investor-owned
cement producers, for which have data for 1990 to 2010, except for Taiheiyo (from 1975),
even though all of these companies were founded prior to World War One.

Table 8. The six investor-owned cement producers and attributed emissions

Data set Gross emissions Process emissions

Entity anno GtCO: GtCO:
1. Lafarge, France 1990-2010 1.73 1.04
2. Holcim, Switzerland 1990-2010 1.66 1.01
3. HeidelbergCement, Germany 1990-2010 0.98 0.59
4. Cemex, Mexico 1990-2010 091 0.55
5. Italcimenti 1990-2010 0.77 0.46
6. Taiheiyo 1975-2010 0.69 0.40
Total 6.75 4.06

See Table 23 for China’s cement emissions.

The cement industry is dominated by local and smaller companies, and only six global
companies meet the threshold of <8 MtC/yr. Cement companies typically report production
capacity rather than actual production. This is the reason we derive net process emissions
from company-reported gross emissions of COz. (Note: gross emissions of COz include fuel
and electricity inputs; these emissions are excluded from our calculations.) We quantify net
industrial process emissions of CO2 from the heating of calcium carbonate (CaCO3) in
cement kilns, a process that releases COz to the atmosphere.

30 Former Soviet Union, China, Poland, Russia, Czechoslovakia, Kazakhstan, Ukraine, North Korea, and Czech Republic.

31 A factor of 0.50 kg COz per kg cementitious was used for China, which was based on CDIAC and U.S. Bureau of Mines
data: CDIAC emission estimation protocol asserts that “COz production (in metric tons of C) = 0.136 metric tons of C per
tonne cement * quantity of cement produced.” 0.136 tC * 3.667 CO2/C = 0.499 tCO2 per tonne of cement produced; round
to 0.5, or 2 tonnes cement production per tCO2. Mole calculation: (12.01 g C/mole CaCO3 + 56.08 g CaO/mole CaCOs3) *
0.635 g Ca0/g cement = 0.136 g C/g cement. Boden, Marland, & Andres (1995).
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China’s cement emissions are calculated differently than the methodology used for the six
investor-owned companies. For China, which produced 53.9 percent of world cement in
2010, we use cement production data from the U.S. Bureau of Mines and apply the CDIAC
CO2 coefficient (0.50 tCO2/t cement).3? See Annex B for details on the cement methodology.

SUMMARY OF ALL CARBON MAJORS

Figure 13 illustrates the share of global cumulative emissions (1,450 GtCOze) contributed
by Carbon Major entities (914 GtCOze). The black triangle represents the proportion not
accounted for by the Carbon Majors project, which are companies no longer extant, and the
thousands of existing oil, natural gas, and coal companies that do not meet the 8 MtC
threshold for inclusion in this project, and the excluded nation-states (e.g., Tajikistan and
Vietnam), and the hundreds of companies that are no longer in business (such as early coal
companies) and whose assets were not acquired by the companies included in this analysis.

Figures 13 & 14. Historic emissions attributed to Carbon Majors & unattributed, and by category

Hboriics SIURCIHNSET R ok ol Jobsl SO IGIobal industrial CO, & CH,4 emissions 1751-201 o|

Nation-States
21.5 percent

Carbon Majors A Unattributed State-owned Unattributed
63% 37% 19.8 percent 37.0 percent

Investor-
owned
21.7 percent

Of cumulative emissions traced to Carbon Majors, 21.7 percent (315 GtCOze) is traced to
investor-owned companies, 19.8 percent (288 GtCOze) to state-owned entities, and 21.5
percent (312 GtCOze) to nation-states (Figure 14).

Global emissions of industrial sources of carbon dioxide and methane totaled 36 billion
tonnes COze (GtCO2ze) in 2010, or 1,142 tCOze per second, equivalent to filling the volume of
the United Nations building in New York City twice, per second.3334 The 90 Carbon Major
entities contributed 27.95 GtCOze in 2010, or 886 tCOze per second. Of the 2010 emission
rate attributed to Carbon Major entities:

e 7,628 MtCO2ze (242 tCOze/sec, 27.3%) is attributed to investor-owned companies,
* 10,818 MtCOze (343 tCO2¢e/sec, 38.7%) is attributed to state-owned companies, and
* 9,500 MtCOze (301 tCOze/sec, 34.0%) is attributed to nation-states.

32 Marland, Gregg, & Ralph Rotty (1984) Carbon dioxide emissions from fossil fuels: a procedure for estimation and
results for 1950-1982, Tellus, vol. 36b:232-261.
33n 2010, fossil fuels contributed 31.6 MtCOz, cement 1.6 MtCOz, flaring 0.3 MtCOz, and fugitive methane ~2.5 MtCO:ze.

34 Based on work by Carbon Visuals in the UK, updated from their use of CDIAC-based emissions rate of 957 MtCOz (fuels,
cement, and flaring) in 2006: 6.9 UNs in four seconds, updated to the 2010 rate of 1,142 tCOz/sec, or 1.9 UNs/sec.
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7. Results: investor-owned, state-owned, and nation-states

This project has quantified and traced cumulative emissions totaling 914.3 GtCOze to the
90 Carbon Major entities included in this analysis. This is equivalent to 63.04 percent of the
CDIAC estimate of cumulative industrial emissions from 1751 to 2010, including methane
emissions associated with coal mining and natural gas.3> CDIAC industrial emissions from
oil, natural gas, coal, cement, flaring, and fugitive methane totals 1,450.3 GtCOze. (CDIAC
includes a small factor for vented CO: in its natural gas estimates.) Emissions attributed to
all Carbon Major investor-owned and state-owned entities are shown in Table 9. Table 10
compares all investor-owned and state-owned entities’ emissions to global industrial CO;
and methane emissions for the anthropocene from 1751 to 2010.

Table 9. Investor-owned & state-owned entities’ cumulative emissions, by source

Entities I10C & SOE emissions Share of total
COMBUSTION # GtCOze Percent
0il & NGLs 54 330.27 54.82%
Natural gas 55 102.18 16.96%
Coal 27 106.74 17.72%
Flaring 54 5.44 0.90%
Own fuel use 55 6.05 1.00%
Cement 6 4.05 0.67%
Vented CO2 55 4.18 0.69%
Fugitive methane 81 43.58 7.23%
Total 81 602.49 100.00%
Global emissions 1751-2010 (CDIAC) 1,450.33
10Cs & SOEs of global emissions 41.54 percent

Table 10 Investor-owned & state-owned entities’ and global cumulative emissions, by source

I0Cs & SOEs Global 1751-2010 * I0Cs & SOEs
SOURCE GtCOze GtCOze % of global
0il & NGLs 330.3 472.0 70.0%
Natural gas 102.2 176.1 58.0%
Coal 106.7 642.5 16.6%
Cement 4.1 32.5 12.5%
Flaring 5.4 12.6 43.2%
Vented CO:2 4.2 na na
Own fuel use 6.1 na na
Fugitive methane 43.6 114.6 38.0%
Sum 602.5 1,450.3 41.5%

Global CO2 combustion data from CDIAC; methane from Stern & Kaufmann & European Commission JRC data.

The emissions attributed to the twenty largest (in terms of cumulative historic emissions of
CO2 and methane) investor-owned and state-owned fossil fuel companies are shown in
Table 11. These entities have been attributed cumulative emissions totaling 428 GtCO:e, or
29.5 percent of the global total from 1751 to 2010. The largest twelve investor-owned
companies alone contributed 242 GtCOze, and equivalent to 16.7 percent of the global
historic emissions through 2010. See Table 12 for the complete list of entities.

Figure 15 shows cumulative emissions attributed to the twenty largest investor- and state-
owned entities quantified in this project, excluding nation-state entities.

35 CDIAC (Stern & Kaufmann, 1998) estimated methane emissions from 1860 to 1994; we used EDGAR data from 1994 to
2010 (European Commission, Joint Research Centre, 2011).
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Table 11. Top Twenty investor-owned & state-owned entities’ 2010 & cumulative emissions

2010 emissions Cumulative Percent of global
Entity MtCOze MtCOze 1751-2010
1. Chevron, USA 423 51,096 3.52%
2. ExxonMobil, USA 655 46,672 3.22%
3. Saudi Aramco, Saudi Arabia 1,550 46,033 3.17%
4. BP,UK 554 35,837 2.47%
5. Gazprom, Russian Federation 1,371 32,136 2.22%
6. Royal Dutch/Shell, Netherlands 478 30,751 2.12%
7. National Iranian Oil Company 867 29,084 2.01%
8. Pemex, Mexico 602 20,025 1.38%
9. ConocoPhillips, USA 359 16,866 1.16%
10. Petroleos de Venezuela 485 16,157 1.11%
11. Coal India 830 15,493 1.07%
12. Peabody Energy, USA 519 12,432 0.86%
13. Total, France 398 11,911 0.82%
14. PetroChina, China 614 10,564 0.73%
15. Kuwait Petroleum Corp. 323 10,503 0.73%
16. Abu Dhabi NOC, UAE 387 9,672 0.67%
17. Sonatrach, Algeria 386 9,263 0.64%
18. Consol Energy, Inc., USA 160 9,096 0.63%
19. BHP-Billiton, Australia 320 7,606 0.52%
20. Anglo American 242 7,242 0.50%
Top 20 10Cs & SEOs 11,523 428,439 29.54%
Top 40 10Cs & SEOs 546,767 37.70%
All 81 10Cs & SEOs 18,524 602,491 41.54%
Total 90 Carbon Majors 27,946 914,251 63.04%

Right column compares each entity’s cumulative emissions to CDIAC’s global industrial emissions 1751-2010.
The totals above combine attributed emissions from crude oil & NGL, natural gas, and coal combustion of marketed
products, plus ancillary emissions from venting, flaring, own fuel use, and fugitive COz and CHa.

Figure 15. Top Twenty Carbon Majors, investor and state-owned entities

Top Twenty investor- and state-owned entities, cumulative emissions
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Table 12 shows all of the eighty-one investor-owned and state-owned entities’ cumulative
contribution of carbon dioxide and methane from product combustion, flaring, vented CO,
own fuel use, and fugitive methane as a percentage of global industrial CO2 & CH4 emissions
1751-2010 (CDIAC). Table 13 provides the same data for the nine nation-states.
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Table 12. All 81 investor- & state-owned carbon & cement entities and cumulative emissions

Products Flaring, own fuel,Fugitive Total Percent
(fuel, cement) vented CO; methane emissions of global
Entity GtCO; GtCO; GtCOze GtCOze 1751-2010
1. ChevronTexaco, USA 46.28 1.48 3.34 51.10 3.52%
2. ExxonMobil, USA 41.60 1.54 3.53 46.67 3.21%
3. Saudi Aramco, Saudi Arabia 42.82 1.03 2.18 46.03 3.17%
4. BP,UK 32.51 1.02 2.31 35.84 2.47%
5. Gazprom, Russian Federation 25.09 2.13 492 32.14 2.22%
6. Royal Dutch Shell, The Netherlands 27.57 0.99 2.19 30.75 2.12%
7. National Iranian Oil Company 26.71 0.76 1.62 29.08 2.01%
8. Pemex, Mexico 18.14 0.59 1.29 20.03 1.38%
9. British Coal Corporation, UK * 17.74 0.00 1.50 19.25 1.33%
10. ConocoPhillips, USA 14.70 0.67 1.50 16.87 1.16%
11. Petroleos de Venezuela 14.77 0.44 0.95 16.16 1.11%
12. Coal India 14.28 0.00 1.21 15.49 1.07%
13. Peabody Energy, USA 11.46 0.00 0.97 12.43 0.86%
14. Total, France 10.79 0.35 0.77 11.91 0.82%
15. PetroChina, China 9.67 0.28 0.61 10.56 0.73%
16. Kuwait Petroleum Corp. 9.80 0.23 0.48 10.50 0.72%
17. Abu Dhabi NOC, UAE 8.84 0.26 0.57 9.67 0.67%
18. Sonatrach, Algeria 7.96 0.40 091 9.26 0.64%
19. Consol Energy, Inc., USA 8.38 0.00 0.71 9.10 0.63%
20. BHP Billiton, Australia 6.97 0.06 0.58 7.61 0.52%
21. Anglo American, UK 6.68 0.00 0.57 7.24 0.50%
22. Iraq National Oil Company 6.70 0.14 0.29 7.14 0.49%
23. RWE, Germany 6.31 0.00 0.54 6.84 0.47%
24. Pertamina, Indonesia 6.16 0.21 0.46 6.83 0.47%
25. Libya National Oil Corp. 6.22 0.15 0.32 6.69 0.46%
26. Nigerian National Petroleum 6.06 0.15 0.33 6.54 0.45%
27. Petrobras, Brazil 5.49 0.16 0.34 5.99 0.41%
28. ENI, Italy 5.20 0.24 0.54 5.97 0.41%
29. Rio Tinto, UK 5.50 0.00 0.47 5.96 0.41%
30. Arch Coal, USA 5.43 0.00 0.46 5.89 0.41%
31. Petronas, Malaysia 4.56 0.22 0.50 5.27 0.36%
32. Anadarko, USA 4.56 0.18 0.46 5.20 0.36%
33. Occidental, USA 4.63 0.09 0.34 5.06 0.35%
34. Statoil, Norway 3.89 0.15 0.33 4.37 0.30%
35. 0il & Gas Corporation, India 3.71 0.14 0.31 4.16 0.29%
36. Lukoil, Russian Federation 3.60 0.09 0.19 3.87 0.27%
37. Sasol, South Africa 3.24 0.00 0.27 3.52 0.24%
38. Qatar Petroleum 3.00 0.13 0.29 3.41 0.24%
39. Repsol, Spain 2.96 0.13 0.29 3.38 0.23%
40. Marathon, USA 2.64 0.11 0.24 2.99 0.21%
41. Yukos, Russian Federation * 2.69 0.06 0.12 2.86 0.20%
42. Egyptian General Petroleum 2.48 0.09 0.20 2.77 0.19%
43. Rosneft, Russian Federation 2.50 0.07 0.15 2.72 0.19%
44. Petroleum Development Oman 2.40 0.08 0.18 2.66 0.18%
45. Hess, USA 2.09 0.08 0.19 2.36 0.16%
46. Xstrata, Switzerland 2.05 0.00 0.17 2.22 0.15%
47. Massey Energy, USA 2.03 0.00 0.17 2.20 0.15%
48. Alpha Natural Resources, USA 1.98 0.00 0.17 2.15 0.15%
49. Singareni Collieries, India 1.74 0.00 0.15 1.88 0.13%
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50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.

Ecopetrol, Colombia 1.66 0.05 0.10 1.81 0.12%
Sonangol, Angola 1.69 0.03 0.07 1.79 0.12%
Cyprus Amax, USA * 1.61 0.00 0.14 1.75 0.12%
EnCana, Canada 1.40 0.09 0.20 1.69 0.12%
Devon Energy, USA 1.41 0.08 0.19 1.69 0.12%
BG Group, UK 1.24 0.09 0.21 1.54 0.11%
Sinopec, China 1.41 0.04 0.08 1.53 0.11%
Westmoreland Mining, USA 1.41 0.00 0.12 1.53 0.11%
Suncor, Canada 1.24 0.05 0.11 1.41 0.10%
Syrian Petroleum 1.29 0.04 0.08 1.40 0.10%
Kiewit Mining, USA 1.19 0.00 0.10 1.29 0.09%
North American Coal, USA 1.09 0.00 0.09 1.18 0.08%
RAG, Germany 1.05 0.00 0.09 1.14 0.08%
China National Offshore Oil Co. 1.03 0.03 0.06 1.12 0.08%
Luminant, USA 0.97 0.00 0.08 1.05 0.07%
Lafarge, France 1.04 0.00 0.00 1.04 0.07%
Holcim, Switzerland 1.01 0.00 0.00 1.01 0.07%
Canadian Natural Resources 0.83 0.04 0.09 0.96 0.07%
Apache, USA 0.81 0.04 0.10 0.95 0.07%
Bahrain Petroleum 0.78 0.05 0.11 0.93 0.06%
Talisman, Canada 0.79 0.04 0.09 0.92 0.06%
Murray Coal, USA 0.73 0.00 0.06 0.80 0.05%
UK Coal, UK 0.73 0.00 0.06 0.79 0.05%
Husky Energy, Canada 0.59 0.02 0.05 0.66 0.05%
Nexen, Canada ** 0.59 0.02 0.04 0.65 0.04%
HeidelbergCement, Germany 0.59 0.00 0.00 0.59 0.04%
Cemex, Mexico 0.55 0.00 0.00 0.55 0.04%
Polish Oil & Gas 0.42 0.02 0.03 0.47 0.03%
Italcimenti, Italy 0.46 0.00 0.00 0.46 0.03%
Murphy 0il, USA 0.37 0.02 0.03 0.42 0.03%
Taiheiyo, Japan 0.40 0.00 0.00 0.40 0.03%
OMV Group, Austria 0.30 0.01 0.03 0.35 0.02%
Total I0C & SOE producers 543.23 15.68 43.58 602.49 41.54%
Total CDIAC, 1751-2010 1,323.09 na 114.65 1,450.33

Percent this study of CDIAC 41.06% na 38.01% 41.54%

This table includes each entity’s estimated emissions from fuel combustion (net of non-energy uses), flaring, own fuel use,
and ancillary emissions of COz and CH4 (in COze units). Emissions from cement manufacturing are listed under product
emissions, but are vented process emissions from the calcination of calcium carbonate. * not extant; production and
emission quantified for these entities but not attributed to extant entities. ** Nexen was acquired by CNOOC in 2012.

Table 13. 2010 and cumulative emissions of Nation-State producers

Products Flaring, own fuel,Fugitive Total Percent

(fuel, cement) vented CO; methane emissions ofglobal

Entity GtCO: GtCO; GtCOze GtCOze 1751-2010

1. Former Soviet Union (oil, gas, coal) 116.88 2.31 10.53 129.72 8.94%

2. China (coal and cement) 115.11 0.00 8.98 124.09 8.56%

3. Poland (coal) 24.66 0.00 2.09 26.75 1.84%

4. Russian Federation (coal) 10.36 0.00 0.88 11.24 0.78%

5. Czechoslovakia (coal) 6.77 0.00 0.57 7.35 0.51%

6. Kazakhstan (coal) 4.09 0.00 0.35 4.44 0.31%

7. Ukraine (coal) 3.11 0.00 0.26 3.37 0.23%

8. North Korea (coal) 2.58 0.00 0.22 2.80 0.19%

9. Czech Republic & Slovakia (coal) 1.84 0.00 0.16 2.00 0.14%

Total 285.42 2.31 24.04 311.76 21.50%
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INVESTOR-OWNED ENTITIES
Investor-owned companies are attributed 314.8 GtCOze, or 21.7 percent of cumulative
global industrial emissions of COz and methane since 1751 (Table 14, Figure 16). Table 14
shows 2010 and cumulative emissions of COz and methane attributed to each of the 50
investor-owned companies.

Table 14. 2010 and cumulative emissions of all investor-owned carbon producers

2010 emissions Cumulative 9% cumulative
Entity MtCOze MtCOze global, 1751-2010
1. Chevron, USA 423 51,096 3.52%
2. ExxonMobil, USA 655 46,672 3.22%
3. BP,UK 554 35,837 2.47%
4. Royal Dutch Shell, Netherlands 478 30,751 2.12%
5. ConocoPhillips, USA 359 16,866 1.16%
6. Peabody Energy, USA 519 12,432 0.86%
7. Total, France 398 11,911 0.82%
8. Consol Energy, Inc., USA 160 9,096 0.63%
9. BHP Billiton, Australia 320 7,606 0.52%
10. Anglo American, UK 242 7,242 0.50%
11. RWE, Germany 148 6,843 0.47%
12. ENI, Italy 258 5,973 0.41%
13. Rio Tinto, UK 161 5,961 0.41%
14. Arch Coal, USA 341 5,888 0.41%
15. Anadarko, USA 96 5,195 0.36%
16. Occidental, USA 109 5,063 0.35%
17. Lukoil, Russian Federation 322 3,873 0.27%
18. Sasol, South Africa 113 3,515 0.24%
19. Repsol, Spain 126 3,381 0.23%
20. Marathon, USA 59 2,985 0.21%
21. Yukos, Russian Federation * - 2,858 0.20%
22. Hess, USA 61 2,364 0.16%
23. Xstrata, Switzerland 214 2,223 0.15%
24. Massey Energy, USA 91 2,199 0.15%
25. Alpha Natural Resources, USA 182 2,149 0.15%
26. Cyprus Amax, USA * - 1,748 0.12%
27. EnCana, Canada 84 1,695 0.12%
28. Devon Energy, USA 93 1,690 0.12%
29. BG Group, UK 97 1,543 0.11%
30. Westmoreland Mining, USA 46 1,530 0.11%
31. Suncor, Canada 89 1,407 0.10%
32. Kiewit Mining, USA 59 1,295 0.09%
33. North American Coal, USA 40 1,181 0.08%
34. Ruhrkohle AG, Germany - 1,138 0.08%
35. Luminant, USA 33 1,049 0.07%
36. Lafarge, France 61 1,044 0.07%
37. Holcim, Switzerland 62 1,008 0.07%
38. Canadian Natural Resources 93 958 0.07%
39. Apache, USA 97 951 0.07%
40. Talisman, Canada 62 925 0.06%
41. Murray Coal, USA 59 796 0.05%
42. UK Coal, UK 19 794 0.05%
43. Husky Energy, Canada 42 665 0.05%
44, Nexen, Canada 36 651 0.04%
45. HeidelbergCement, Germany 31 587 0.04%
46. Cemex, Mexico 27 551 0.04%
47. Italcimenti, Italy 24 463 0.03%
48. Murphy 0il, USA 27 418 0.03%
49. Taiheiyo, Japan 10 402 0.03%
50. OMV Group, Austria 45 346 0.02%
Total: 7,628 314,811 21.71%

Right column compares each entity’s cumulative emissions to CDIAC’s global emissions 1751-2010.
* not extant; production and emission quantified for these entities but not attributed to extant entities.
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Table 15. Investor-owned and global industrial emissions of CO; and methane, by source

10Cs 1854-2010 CDIAC 1751-2010 * Carbon Majors

SOURCE GtCOze GtCOze % of global
0il & NGLs 156.8 472.0 33.2%
Natural gas 50.4 176.1 28.6%
Coal 73.0 642.5 11.4%
Cement 4.1 32.5 12.5%
Flaring 2.6 12.6 20.5%
Vented CO2 2.0 na na
Own fuel use 3.0 na na
Fugitive methane 23.0 114.6 20.0
Sum 314.8 1,450.3 21.7%

Global CO, combustion data is from CDIAC; methane is from Stern & Kaufmann and European Commission JRC data.

STATE-OWNED ENTITIES
State-owned companies are attributed 287.7 GtCOze, or 19.8 percent of cumulative global
industrial emissions of CO2 and methane since 1751 (Table 17, Figure 16). Table 16 lists all
31 state-owned companies and the 2010 and cumulative emissions traced to each entity
compared to global emissions since 1751 (CDIAC data).

Table 16. 2010 and cumulative emissions of all state-owned carbon producers

2010 emissions Cumulative % cumulative
Entity MtCOze MtCOze global, 1751-2010
1. Saudi Aramco, Saudi Arabia 1,550 46,033 3.17%
2. Gazprom, Russian Federation 1,371 32,136 2.22%
3. National Iranian Oil Company 867 29,084 2.01%
4. Pemex, Mexico 602 20,025 1.38%
5. British Coal, UK * - 19,245 1.33%
6. Petroleos de Venezuela 485 16,157 1.11%
7. Coal India 830 15,493 1.07%
8. PetroChina, China 614 10,564 0.73%
9. Kuwait Petroleum Corp. 322 10,503 0.72%
10. Abu Dhabi NOC, UAE 387 9,672 0.67%
11. Sonatrach, Algeria 386 9,263 0.64%
12. Iraq National Oil Company 220 7,137 0.49%
13. Pertamina, Indonesia 64 6,830 0.47%
14. Libya National Oil Corp. 219 6,693 0.46%
15. Nigerian National Petroleum 270 6,540 0.45%
16. Petrobras, Brazil 356 5,991 0.41%
17. Petronas, Malaysia 260 5,274 0.36%
18. Statoil, Norway 243 4,367 0.30%
19. 0il & Gas Corporation, India 164 4,163 0.29%
20. Qatar Petroleum 271 3,410 0.23%
21. Egyptian General Petroleum 129 2,768 0.19%
22. Rosneft, Russian Federation 364 2,723 0.19%
23. Petroleum Development Oman 124 2,663 0.18%
24. Singareni Collieries, India 99 1,882 0.13%
25. Ecopetrol, Colombia 89 1,809 0.12%
26. Sonangol, Angola 147 1,794 0.12%
27. Sinopec, China 160 1,532 0.11%
28. Syrian Petroleum 48 1,402 0.10%
29. China National Offshore 0il Co. 130 1,123 0.08%
30. Bahrain Petroleum 36 931 0.06%
31. Polish 0il & Gas, Poland 12 473 0.03%
Total: 10,818 287,680 19.84%

* not extant; production and emission quantified for these entities but not attributed to extant entities.
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Table 17. State-owned entity emissions and global emissions of CO; and methane, by source

SOEs 1854-2010 CDIAC 1751-2010 * Carbon Majors
SOURCE GtCOze GtCOze % of global
0il & NGLs 173.4 472.0 36.7%
Natural gas 51.8 176.1 29.4%
Coal 33.8 642.5 5.3%
Cement 0 32.5 0.0%
Flaring 2.9 12.6 22.7%
Vented CO2 2.1 na na
Own fuel use 3.1 na na
Fugitive methane 20.6 114.6 18.0%
Sum 287.7 1,450.3 19.8%

Global CO, combustion data is from CDIAC; methane is from Stern & Kaufmann and European Commission JRC data.

NATION-STATE ENTITIES

Nation-states are attributed 311.8 GtCOze, or 21.5 percent of cumulative global industrial
emissions of COz and methane since 1751 (Table 18, Figure 16). Table 19 shows the nine
Carbon Major nation-state (former and current) producers of oil and NGLs, natural gas,
coal, and cement for 2010 and cumulatively.

Table 18. Nation-state and global industrial emissions of CO; and methane, by source

Nation-states CDIAC1751-2010 * Carbon Majors
SOURCE GtCOze GtCOze % of global
Oil & NGLs 35.5 472.0 7.5%
Natural gas 17.9 176.1 10.2%
Coal 2229 642.5 34.7%
Cement 9.1 325 28.1%
Flaring 0.6 12.6 4.7%
Vented CO: 0.6 na na
Own fuel use 1.1 na na
Fugitive methane 24.0 114.6 21.0%
Sum 311.8 1,450.3 21.5%

Global CO, combustion data is from CDIAC; methane is from Stern & Kaufmann and European Commission JRC data.

Table 19. 2010 and cumulative emissions of all nation-state carbon producers

2010 emissions Cumulative % cumulative

Entity MtCOze MtCOze global, 1751-2010

1. Former Soviet Union (coal, oil, gas) na 129,717 8.94%

2. China (coal and cement) 7,898 124,089 8.56%

3. Poland (coal) 294 26,750 1.84%

4. Russian Federation (coal) 695 11,243 0.78%

5. Czechoslovakia (coal) na 7,347 0.51%

6. Kazakhstan (coal) 287 4,442 0.31%

7. Ukraine (coal) 145 3,370 0.23%

8. North Korea (coal) 88 2,802 0.19%

9. Czech Republic (coal) 92 2,000 0.14%
Total: 9,500 311,760 21.50%

“Nation-states” are centrally planned economies, current and former, and do not include state-owned entities (SOEs).

Tables 20 and 21 lists the 2010 and cumulative emissions traced to the single nation-state
producer of crude oil & NGLs and natural gas included in our assessment (Former Soviet
Union, FSU); note that Gazprom succeeds FSU starting in 1989; note also that China’s
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nation-state production of oil & NGLs and natural gas are not included in favor of including
only the production by China’s state-owned oil and gas companies PetroChina, CNOOC, and
Sinopec. Table 22 lists the nation-state coal producers, years of data coverage, cumulative
coal production (Mt), and cumulative emissions attributed to these nine nation-states.
Table 23 shows the single nation-state cement producer included in the Carbon Majors
study — China — and total attributed emissions from the calcining of limestone.

Table 20. Nation-state oil & NGL producers and attributed emissions

Data set Crude oil & NGL Emissions

Entity anno billion bbl MtCO;e
Former Soviet Union 1949-1991 95,475 35,462
Vented CO; 136
Flaring CO; 565
Own fuel use na
Fugitive methane (CO,e) 1,432
Total 37,596

Table 21. Nation-state natural gas producers and attributed emissions

Data set Natural gas Emissions

Entity anno billion cf (Bcf) MtCOze
Former Soviet Union 1960-1988 335,678 17,937
Vented CO; 512
Flaring CO; 31
Own fuel use 1,063
Fugitive methane (CO,e) 3,721
Total 23,263

Table 22. Nation-state coal producers and attributed emissions

Data set Coal production Emissions

Entity anno million tonnes (Mt) MtCO;e
1. China, PRC 1945-2010 54,476 105,961
2. Former Soviet Union 1900-1991 29,051 63,480
3. Poland 1913-2010 11,959 24,661
4. Russian Federation 1992-2010 5,027 10,365
5. Czechoslovakia 1938-1992 4,460 6,773
6. Kazakhstan 1992-2010 1,715 4,095
7. Ukraine 1992-2010 1,266 3,107
8. North Korea 1980-2010 1,199 2,543
9. Czech Republic + Slovakia 1993-2010 1,250 1,844
Sum all nation-states 1900-2010 110,403 222,868
Vented CO; na
Flaring CO; na
Fugitive methane (CO,e) 18,883
Total 241,751

Table 23. Nation-state cement producer and attributed emissions
Data set Gross emissions Process emissions

Entity anno GtCO: GtCO:

China, PRC 1928-2010 na 9.15
China’s cement production 1928-2010 totals 18.30 billion tonnes (U.S. Bureau of Mines).
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SUMMARY OF INVESTOR-OWNED, STATE-OWNED, AND NATION-STATE ENTITIES

The relative contributions of investor-owned, state-owned, and nation-state entities have
varied over the years. The state-owned companies rose prominently after the oil embargo
in 1973 and the subsequent rise of nationalization of oil and natural gas resources in the
Persian Gulf, North Africa, and elsewhere in the mid-1970s.36

The transformation of Gazprom into a state-owned company in 1989 and the dissolution of
the Soviet Union in 1991 are the main reasons for the decline in emissions traced to nation-
states, whereas the rapid rise in the 2000s is largely due to China’s expanding coal and
cement emissions, Figure 16. The top ten companies are shown in Figure 17.

Figure 16. Investor-owned, state-owned, and nation-state emissions, 1910-2010
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Figure 17. Top twelve investor- and state-owned CO; & methane emissions, 1910-2010
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36 See Victor, David G., David Hults, & Mark Thurber, eds, (2012) and Marcel, Valerie (2006) for discussion.
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8. A note on fossil fuel reserves.

Proven recoverable reserves of oil, natural gas, and coal reported and carried on the books
of investor-owned (and state-owned) Carbon Major entities have not been quantified. The
subject of proven fossil fuel reserves is of importance to investors, regulators, companies’
capital investments and strategic planning, and their critical and closely watched reserve-
to-production ratios, but it is beyond the scope of this project to detail reported reserves.3”

A few general observations can be made, however. In 2010 this author estimated potential
emissions of total world proven fossil fuel reserves based on 2009 data for published by
BP, Oil & Gas Journal, and the U.S. Energy Information Administration.38 In my analysis |
accounted for non-energy uses of each fuel (based on Carbon Major methodologies), and
estimated that world proven reserves equated to 2,585 GtCO: of potential emissions. (Note:
the fraction of petroleum used for non-energy uses may rise over the next several decades,
reducing actual emissions.) World reserve estimates, especially unconventional petroleum
(oil sands, tight shales) and natural gas, are increasing. A recent re-estimation of proven
reserves suggests a ten percent increase over the last three years to 2,824 GtCO2, based on
2012 data.?? Some observers (e.g., Heinberg, Simmons) urge a cautious interpretation of
published reserve estimates from the perspective of technological constraints, reserve-
inflation, opaque reporting, and limited market access.*? Ultimately recoverable carbon
resources range from 4,000 GtC (14,670 GtCO2) to nearly 16,000 GtC (58,570 GtCO2).#

Figure 18. Global cumulative industrial CO; emissions v. global proven reserves

Global emissions 1750-2010 & global proven reserves

Billion tonnes carbon dioxide (GtCO;)
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Climate Mitigation Services. CDIAC data for fuel combustion totals 1,290 GtCOze (excludes cement and flaring).

37 Grantham, Jeremy (2012) Be persuasive. Be brave. Be arrested (if necessary), Nature, vol. 491, 14Nov12. Also see
International Energy Agency (2012b) World Energy Outlook 2012, Nov, Paris, www.iea.org, 660 pp.

38 Heede, Richard (2010) Carbon In Context, American Renewable Energy conference, Aspen, CO, August.

39 Calculations by Heede, from BP (2012) BP Statistical Review of World Energy June, www.bp.com/statisticalreview. Oil &
Gas Journal (2012) “Global oil production up in 2012 as reserves estimates rise again,” 3Dec2012. Energy Information
Administration (2012) International Energy Outlook 2011.

40 Heinberg, Richard (2009) Blackout: Coal, Climate, and the Last Energy Crisis. Simmons, Matthew R. (2005) Twilight in
the Desert: The Coming Saudi Oil Shock and the World Economy. Energy Watch Group (2007) Coal: Resources and Future
Production, by Werner Zittel & Jorg Schindler, Ludwig Bolkow Systemtechnik, www.energywatchgroup.org.

41 Low estimate (4,004 GtC): Heede, H. R. (1983) A World Geography of Recoverable Carbon Resources in the Context of
Possible Climate Change, National Center for Atmospheric Research, Boulder, NCAR-CT-72, 136 pp. High est (15,970 GtC):
German Advisory Council on Global Change (2011) World in Transition - A Social Contract for Sustainability, Table 4.1-3.
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Figure 18 compares the potential emissions embodied in proven recoverable reserves to
the cumulative emissions from global fossil fuel combustion from the beginning of the
industrial revolution through 2010: proven reserves (accounting for non-energy carbon
storage) are 2.1 times larger than all historic emissions to date.

A recent report by the CarbonTracker Initiative estimated the carbon content and potential
emissions of the proven reserves of the largest 100 oil and natural gas and largest 100 coal
companies listed on world stock exchanges.#2 While there is a significant overlap between
the Carbon Tracker entities and those included in the Carbon Major analysis, not all holders
of significant reserves are also large annual producers, and some entities do not meet this
project’s threshold of 28 MtC/yr. Carbon Tracker also estimated potential emissions from
total world reserves — i.e., adding proven reserves held by state-owned companies and by
nation-states totaling 2,795 GtCO: (including the top 200 investor-owned companies). The
Carbon Tracker analysis did not account for non-energy uses.

9. A note on future research.

The Carbon Major analysis has been a thorough, eight-year investigation of the carbon
dioxide and methane emissions traceable to an identified set of 90 of the world’s largest
producers of crude oil and NGLs, natural gas, coal, and cement. The methodology and the
results have been peer-reviewed by several experts with knowledge of GHG inventories,
fossil fuel production, non-energy uses, fugitive emissions, and international and national
inventory protocols. Nonetheless, the statements in this report, as well as the methodology,
the implementation of the methodology, the error detection protocols, and the final results
are all by the author, and any oversights and errors are solely the author’s. The analysis has
been thoroughly vetted, and numerous sources of uncertainty, data incompleteness and
data quality have been noted throughout. My high degree of confidence in the methodology
and the results notwithstanding, there are several ways in which the methodology and
results can be improved. Certainly, the fossil fuel and cement companies themselves —
whose self-reported data is preferably used — can help correct any errors or oversights in
reporting, interpretation, or completeness. My colleagues and I look forward to working
with industry to improve the analysis and results in future editions of the work.

A few specific areas for future work that have been beyond the scope of the present
analysis or can be improved upon with additional research are listed:

* Uses of natural gas for non-energy uses, and on the final net carbon storage factor and
short-term re-emission to the atmosphere;

* Regional coal-related methane emission rates, based on monitored methane generation and
ventilation rates, by both underground and open-cast mines. These are specific to each mine
and often varies from year to year;

* Non-energy uses of petroleum products, natural gas, and coal. First, with a view to revising
the factors that are derived and applied in this analysis, and, second, the possibility of using
a dynamic set of factors that reflect each year’s (or decade’s) variable non-energy uses. This,
too, will vary for each entity, ownership of refineries and chemical plants, variable demand,
exports, petroleum grades produced, etc.;

42 Carbon Tracker (2011) Unburnable Carbon: Are the World's financial markets carrying a carbon bubble?, 36 pp. The
report estimated “potential emissions” totaling 745 GtCO2 by investor-owned entities. www.carbontracker.org.
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Full disclosure of equity or working interest production by state-owned oil and natural gas
companies, particularly in the early 1970s when a number of states acquired or seized the
assets of multinational companies operating within their national borders and offshore
concessions;

The oil, gas, and coal entities for which there are gaps in reported production, and (more
importantly), complete time-series from the establishment of each entity, including each
entity’s mergers, acquisitions, and divestments;

Additional research on China’s coal-mining industry may reveal data on investor-owned (or
partially state-owned) mining companies such as China Coal Energy Company and others.
The China National Coal Association shows current production data and company listings
for several dozen entities, but we have been unable to gather historic data and verify the
ownership structure of Chinese coal entities — many of which are reportedly operated
and/or directed by provincial governments. Hence, this project has aggregated all coal
production under the nation-state, and future research may disaggregate production to
investor- or state-owned entities;

Further research on the creation of investor-owned, quasi-state-owned, and state-owned
enterprises in centrally-planned economies may reveal, in China and in other nations,
additional entities warranting inclusion in future editions of this work;

Collect and analyze reported of proven recoverable reserves of crude oil, NGLs, natural gas,
shale gas, oil sands, and coal for investor-owned companies; similar data for state-owned
companies are typically not publicly available.

Investor-owned and state-owned oil, natural gas, and coal companies — as has been
noted throughout the report — can be more forthcoming, complete, and transparent in
their reporting of production and Scope 1 and 3 emissions. Specifically, companies can:

Provide complete reporting on equity production, disposition of refined petroleum
products, own uses of petroleum and natural gas in company operations (including
pipelines, power generation, co-generation, etc);

Separately report annual production of crude oil and natural gas liquids (NGLs);

Provide complete information on methane emissions by source and fuel (including their
coal operations);

Coal companies can be far more complete and informative regarding methane generation in
their coalmines and the quantities and rates of vented methane, or captured and utilized or
flared methane (where applicable), from both underground and opencast mines, by mine
location, and as typical rates per tonne of coal mined;

Coal operators can also be far more informative, in most cases, regarding heating values,
carbon content, and coal rank mined from each mine or operating region;

Greater disclosure by producers on cement production (in addition to production capacity),
and full disclosure on industrial process emissions per tonne or per year, including
additional information on production and emissions prior to 1990;

Complete reporting of carbon content of produced and/or marketed fuels, heating values,
carbon content, and so forth. Unlike current reporting to Carbon Disclosure Project (which
only some companies do), reporting on carbon contained in products sold, including an
adjustment for likely disposition of gases and liquids to non-energy uses (as has been done
in this analysis);

Complete reporting on carbon dioxide vented from field gas separators or natural gas
processing plants, and additional information on entrained CO; fractions by field or
geographic region;

Additional reporting on projects to capture and sequester carbon, methane capture and
utilization, and efforts to reduce other GHG not included in this analysis, such as nitrous
oxide and other greenhouse gases.

>
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Annex B: Methodology

This section details the methodologies and procedures used in the Carbon Majors project to
quantify emissions of carbon dioxide and methane traceable to the supply chains for oil and
natural gas liquids, natural gas, coal, and industrial cement — including the combustion of
the hydrocarbon products delivered to the global economy — from as early as 1854 to
2010 by 90 of the world’s largest fossil fuel and cement producing entities.

The overall process and methodology is reviewed in Section 1, the accounting protocol is
reviewed in Section 2, followed by a discussion of the uncertainties and limitations of the
work and results in Section 3. Section 4 examines the emission factors applied to each
entity’s fuel production data in order to estimate final emissions, discusses how emission
factors and non-energy uses are derived, and details the derivation of factors for the
estimation of COz vented in gas processing, COz from entities’ use of own fuels, COz from
flaring, and methane emissions from coal mining and natural gas and petroleum systems.

Pertinent tables from the portfolio of excel worksheets, where the real methodology work
is done, are included as figures below as guides to the work flow and where to locate the
core tables; these are often too low-resolution in small format, and readers are encouraged
to peruse the core tables attached as PDF worksheets in Annex D. The worksheets contain
additional tables that provide context, come from other sources, or otherwise support the
final calculations; all tables are numbered to guide readers to the final calculations.

1. The procedure and methodology: an overview

The procedure starts with company or entity net fossil fuel production data published in
publicly available sources (typically annual reports), estimation of the carbon content of
each fuel type, subtraction for non-energy uses of produced fuels (which determine carbon
storage rates but also accounts for emissions from non-energy uses, such as short-term
oxidation of lubricants, petrochemicals, and petroleum products), and emission factors for
each fuel, for each entity, and for every year for which production data has been found.

In sequence, the steps are as follows:
* Identify the fossil fuel and cement production entities meeting the 28 MtC/year threshold;*3
* C(Create worksheet templates for coal, oil, natural gas, and cement entities;

* Gather company annual reports, company histories, SEC filings, ministry bulletins or
operation reviews, entity website datasets on production (e.g., National Iranian Oil
Company), and data from U.S. Energy Information Administration, International Energy
Agency, the United Nations Statistics Division, and similar sources. Phone calls or emails
directly to producers were occasionally made in search for missing data (e.g., Sasol);

43 This was originally done when the project commenced in 2005 and accomplished by surveying annual compilations of
entity production statistics from Oil & Gas Journal’s 0GJ100 and 0GJ]150, Energy Intelligence Group, National Mining
Association, World Coal Association, World Business Council for Sustainable Development’s Cement Sustainability
Initiative, World Cement, and other sources. Some entities have since merged (e.g., XTO by ExxonMobil), and others added.
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* A cadre of graduate students and colleagues searched business library collections in Sydney,
Johannesburg, London, Cambridge (Harvard), Boulder, and Berkeley. A British MP provided
data on British Coal. Phone calls to other libraries were made, including Rice University,
University of Tulsa, Oil & Gas Journal, and special collections in search of data. We made
frequent use of Oil & Gas Journal’s annual “OGJ150/100” issue — particularly for National
Oil Companies (NOCs) that do not publish oil and natural gas production data;

* Enter production data in a dedicated worksheet for each entity, noting data sources, units,
incomplete reporting, and uncertainties;

*  While historically complete production records were sought for investor-owned fossil fuel
producers, the research is not complete in every instance, corporate reporting to share-
holders is often incomplete or non-existent prior to the U.S. Securities Acts of 1933 and
1934 (establishing the SEC and requiring quarterly and annual reporting of financial and
operational information, as well as a “management discussion and analysis”);

* Data sources were carefully documented in cell notes to each worksheet. Data ambiguities
(long or short tons or metric tonnes), net vs gross production, data gaps (e.g., non-reporting
of natural gas production, common prior to 1930), unavailable annual reports, uncertainties
(e.g., rank of coal mined), calculation methodologies, and similar issues related to the data
are noted;

* Data gaps, typically from missing annual reports, are noted; such gaps are interpolated.
Some “gaps” are the result of incomplete library collections,* e.g., we do not have natural
gas production for Phillips Petroleum (acquired by Conoco) prior to 1937, in which cases
interpolation has no role and the data set remains incomplete;

* Non-energy uses of petroleum (but also coal and natural gas) were analyzed to derive
reasonable carbon storage factors covering variability in petrochemical, asphalt, lubricants,
waxes, coking coal, and other non-combustive uses of produced and refined hydrocarbons.
Such uses vary by season, geography, oil gravity, contaminants, refinery operations, and
demand for ethylene, bitumen, etc. Non-energy uses also vary by year and decade (clearly
important for this century-long assessment), and by place of production and source of
demand. The invention and development of synthetic materials based on petrochemicals
accelerated in the 1920s and 1930s (chiefly in the U.S. and Germany), but recent growing
demand in Asia affects the final non-energy factors;4s

* Asingle factor for net non-energy uses is applied to each producer regardless of the
disposition of their crude oil to their own refineries or sold to independent refiners, and is
held constant across time. This tends to underestimate emissions in the early decades (from
a higher net carbon storage factor), it is consistent with international practice (e.g., the
fossil fuel estimation protocol and emission database published by Oak Ridge National
Laboratory’s Carbon Dioxide Information Analysis Center [CDIAC]). Lower emissions in the
early decades are roughly balanced by overestimation of emissions in the later decades
when non-energy uses are likely higher than the applied net storage factor;

* Netnon-energy uses account for final emissions of carbon dioxide in cases where a portion
of the diverted hydrocarbons are emitted to the atmosphere over the short term, such as
combusted lubricants, waxes, and petrochemical products, or plastics burned in waste-to-
energy plants, or tires used in cement kilns;

* The storage of crude oil in strategic petroleum reserves, chiefly held in OECD countries and
China, is ignored, since the stored oil will be released and combusted at some point. Total
storage is 4.1 billion bbl, of which 2.7 billion bbl is held by private industry and 1.4 billion

44 Most library collections of company annual reports are not catalogued.

45 Synthetic materials use expanded a hundred-fold between 1950 and 1979 (Flavin, 1980). Petrochemical materials have
largely supplanted plastics derived from organic polymers such as collagen, rubber, and cellulose.
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bbl stored in government-owned facilities. The largest reserve — the U.S. Strategic
Petroleum Reserve — held 0.727 billion bbl at year-end 2010;46

* Final emissions also depend on type of fuel, and while emission factors for oil and natural
gas are fairly consistent across time and geography, emissions from coal combustion are
highly sensitive to coal rank. Emphasis was therefore placed on noting coal quality for all
the producers that specify coal rank. Research on coal quality and rank was conducted for
Colombia, South Africa, Russia, Ukraine, USA, Australia, India, and China. For example, if a
U.S. coal producer does not specify coal rank, but operates mines in Wyoming and Colorado,
it is assumed that sub-bituminous coal was produced. In cases where producers only
specified “thermal coal” production, the average carbon-content of coal intended for raising
steam in industrial or utility boilers is applied;

* IPCC Guidelines, United Nations, International Energy Agency energy statistics, and most
fuel consumption data used for national inventories express fuel consumption in energy
content (T] or QBtu). Oil, natural gas, and coal companies, however, report production in
commodity units of barrels, cubic feet, and tonnes, respectively, and this project’s protocol
derives and applies emission factors on the basis of commodity units, carbon content,
oxidation rates (now 100 percent, per revised IPCC guidelines), and non-energy uses;*’

* All entity fuel production worksheets are dynamically linked to fuel summary worksheets
(SumOil, SumGas, and SumCoal.xls). A second summary sheet for each fuel converts
production data (by entity, year, and quantity) into estimated emissions by applying the
final emission factor for each fuel. A single emission factor is applied to oil and natural gas
production. For coal production, however, differing factors (derived from IPCC default
carbon content factors) are applied for each rank of coal produced by each entity;

* Each fuel summary worksheet sums the emissions attributed to all Carbon Majors by year
as well as historic totals, and these annual and historic sums are compared to global
emissions by fuel as estimated by CDIAC for 1751-2010;

* Finally, total emissions from the fuels and cement produced by the 90 entities are linked to
a summary sheet (SumRanking), in which four additional emission sources are applied:

o carbon dioxide from flaring at oil and gas operations, processing plants, refineries, storage
tanks, and other upstream and midstream facilities;

o COz vented from natural gas processing plants [removal of CO; from raw (“sour”) natural
gas, sulfur, and other contaminants];

o fugitive methane from coal mines, oil production and storage, and gas production,
processing, and transportation systems; and

o CO; emissions from petroleum companies’ use of their own fuel, chiefly of natural gas prior
to their reported “gas available for sale.”

*  Once final sums for each entity are calculated, the worksheet is sorted by total carbon
dioxide and methane emissions, resulting in a ranking of the 90 carbon major entities. The
proportion of each entity’s contribution to total anthropogenic industrial emissions is
calculated from CDIAC’s database of total industrial emissions 1751-2010;

* The many summary worksheets drive all the charts and graphics. Examples: total emissions
of identified entities compared to global industrial CO2 1751-2010, annual emissions by fuel
type, pie charts of cumulative emissions by fuel, or emissions since 1990 (or any other year
of interest). Another worksheet lists every Carbon Major entity’s emissions of CO2 and CHa
gas by year from 1854 (or later) to 2010.

46 Energy Information Administration (2013) Annual Energy Review, Table 5.17 Strategic Petroleum Reserve, 1971-2011.

47 Intergovernmental Panel on Climate Change (2006) 2006 IPCC Guidelines for National Greenhouse Gas Inventories:
Volume 2: Energy, Geneva; www.ipcc-nggip.iges.or.jp/public/2006gl
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2. The accounting protocol and rules

The procedure employed in this project starts with company (or entity) net fossil fuel
production data from published sources, typically annual reports, estimation of the carbon
content of each fuel type, subtraction for non-energy uses of produced fuels and feedstocks,
emission factors for each fuel, for each entity, for each and every year for which production
data has been found. This is conceptually straightforward, but is complex in practice.

1. Selection of fossil fuel producing entities was originally made in 2005 on the basis of
production data on oil, natural gas, and coal from published sources (such as 0Oil &
Gas Journal, Energy Intelligence Top 100 0il, National Mining Association coal
mining data, and EIA International Energy Statistics) for extant companies.

a. New entities meeting the threshold were added as new information came to light,
such as the addition of XTO (later acquired by ExxonMobil in 2009), OMV Group,
and SunCor (merged with PetroCanada in 2009);

b. New entities may be added in the future if production histories become available,
such as for Severstal, Mechel OAO, and Raspadskaya in the Russian Federation;

c. Coal and cement production in China is attributed to the nation-state. While there
are numerous semi-autonomous coal-mining entities operating in China, many are
under the control of provincial governments, their ownership structure is unclear,
and their “incorporation” of recent vintage. Future editions of this project may
disaggregate production to these coal and cement producers if data is available.

2. Mergers and acquisitions are tracked. Historic production of merged or acquired
companies are attributed to the extant company. For example, Mission and Skelly Oil
merged with Getty in 1977, Texaco acquired Getty in 1984, Gulf Oil merged with
SoCal to become Chevron in 1984, Texaco and Chevron merged in 2001, and
Chevron acquired Unocal in 2005. To the extent we have production data for these
prior entities, all production is attributed to Chevron. We report production data for
the acquired or merged entities on the worksheet for the extant company, and add
their production to, in this case, Chevron’s summary column. See Figure B-1.

Figure B-1. Chevron and Texaco mergers and acquisitions, detail 1926-2001.
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3. Divestitures and disposition of assets: unlike acquisitions (in which production data
for the acquisition is not retroactively added to company-reported production in
annual reports), if a company divests producing assets or companies, the subsequent
annual reports will reflect the disposition of production assets.

Figure B-2. Chevron and its predecessors’ production of oil & NLGs 1912-2010.
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Carbon Majors worksheet on Chevron and its mergers and acquisitions. See Annex D for full PDF.

4. Nationalization or expropriation of assets: Several nations have nationalized oil and
natural gas production assets previously owned by companies such as Texaco, Socal,
Exxon (Esso), Mobil, Anglo-Persian (now BP), and Shell. Mexico nationalized its oil
industry in 1938, Iran in 1951, Brazil in 1953, Iraq in 1961, Egypt in 1962, and
Indonesia in 1963, followed by Libya, Algeria, and Saudi Arabia. However, the
multinational companies operating in these countries — whether through
concessions, production-sharing agreements, or joint-ventures — typically report
equity production quantities, not total production from the operated fields. Equity
production is attributed to the multinational operating companies. A recent example
is the attempted expropriation of Argentina-based YPF, a quasi-independent
operating subsidiary for Repsol’s South American assets.*8

48 President Kirchner of Argentina initiated an expropriation process for 51 percent of YPF shares in April 2012. BBC,
“Argentina to expropriate Repsol oil subsidiary YPF,” www.bbc.co.uk/news/business-17732910
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5. Break-ups: the Supreme Court broke up the Standard Oil Trust in 1911 into entities
we recognize today: Standard Oil (“SO”) became Esso and, later, Exxon; Standard 0Oil
Company of New York [SOCONY] merged with Vacuum Oil Company in 1931, named
Mobil 1966, and merged with Exxon in 1999.4° The Ohio Oil Company became
Marathon Oil and survives today. Atlantic Refining Company merged with Richfield
in 1966 and absorbed Sinclair in the 1969 (later divesting some assets); ARCO was
acquired by BP America in 2000 (except for ARCO Alaska, which was acquired by
Phillips Petroleum, now ConocoPhillips).

Figure B-3. Standard Oil Trust descendants’ tree.
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Chart published by Standard Oil Company of California (SOCAL), ~1982, pr{or to several subsequent mergers.

6. Equity production: multinational oil and gas companies report equity production as
net production, that is, production from assets either wholly or partially owned,
equity-share for joint projects (even if operated and produced by another
company), shared-production contracts, and so forth.

7. Net production: This project reports company net production of crude oil and NGLs
(except in cases where only gross production is reported, a common practice in the
1960s and early 1970s. For example, Standard Oil of New Jersey only reports gross
production from 1962 through 1976).59 For natural gas, “gas available for sale” is
the typical metric in annual reports, though many pre-1980 reports showed net
production (the difference is roughly that gas available for sale excludes company
use of natural gas for its operations, petrochemical, and processing plants). For coal
production, data is typically net production (excluding unmarketable production),
but some companies report “sold tonnes.”>! These variables are documented in cell
notes to fuel production worksheets.

49 ExxonMobil is attributed Standard Oil’s oil production from 1882 to 1911.

50 It is recognized that reporting gross production overestimates emissions; this project does estimates net production in
cases where only gross production is reported by applying a “net of gross” percentage; e.g., Standard Oil of New Jersey
reported net as ~0.87 of gross 1956-1961; see discussion below. Producers are encouraged to provide net production
data to correct the record.

51 Sold production can include minor purchases from other producers, though rarely quantified.

Richard Heede Climate Mitigation Services
heede@climatemitigation.com 60 Snowmass, Colorado, 81654, 970-927-9511





a. State-owned oil and gas companies typically report total production, not net
production due the state, or equity share. This poses a potential double-counting
problem—namely that oil is reported both as overseas equity production by
multinational oil and gas companies and production by the state-owned oil and gas
companies. Reporting quality is variable; National Iranian Oil Company, for example,
offers no data on total production, and data is taken from 0Oil & Gas Journal “0GJ100”
reports for 1986-2010, national production from EIA and CIA estimates for 1973-
1985, and Iranian Oil Operating Companies for 1928-1972.52 The Nigerian National
Petroleum Company is one of the few state-owned companies that report on its
production quotas alongside production-sharing with its multinational operators.
StatOil and Petrobras are among the SOEs that do report equity production;

b. Itisunclear — for those state-owned entities that report production (e.g., Saudi
Aramco, Pertamina, Petroleum Oman) — whether production data nets out
production allocated to production-sharing partners. Overall, reporting by state-
owned companies is poor, unclear, and incomplete. Publication of net production by
state-owned oil and gas companies will help resolve such ambiguities and, in some
cases, reduce the production and emissions attributed to state-owned entities;

c. This potential source of over-reporting has been minimized by analyzing available
information regarding dates of nationalization, asset purchase agreements, asset
seizures, and the approximate national production attributable to the investor-
owned companies and the state-owned companies, respectively. The contractual
details are not publicly available, but numerous sources have been consulted in
order to minimize production reported by both entities.535455

8. Coal production is typically reported in physical units, and converted to tonnes. This
project tracks rank of coal mined, if available. If neither coal rank nor heating value
is specified, then the average carbon content of “thermal coal” is applied.

a. In countries where independent coal production companies do not operate —
centrally planned economies such as China, Former Soviet Union, Ukraine, and
Kazakhstan — total national coal production by coal rank, using EIA International

Energy Statistics, U.S. Bureau of Mines, United Nations, and national statistics is
reported.

9. Gaps in production data reporting are interpolated. For BHP Billiton, for example,
annual reports covering 1996-1999 were not found, and the gap is interpolated.
Numerous such data gaps exist, and are all noted on entity production worksheets
as well as on the summary production worksheets (SumOil, SumGas, SumCoal);

10. Emissions of carbon dioxide from cement production are process-emissions from
the calcining of limestone and thus excludes CO; from energy inputs. Most cement
producers report production capacity rather than annual cement production. This
project is thus limited to estimating process emissions for the six largest global
cement producers based on data reported to WBCSD’s Cement Sustainability
Initiative. The estimation protocol is discussed in Section 4: Methodological Details.

52 [ranian Oil Operating Companies, Annual Review for years 1928-1972, crude oil production tables; no natural gas data.
Reports courtesy Univ. of Exeter's Arab World Documentation Unit, www.ex.ac.uk/awdu

53 Victor, David G., David Hults, & Mark Thurber, eds, (2011) Oil and Governance: State-Owned Enterprises and the World
Energy Supply, Cambridge University Press, 1,034 pp.

54 Marcel, Valerie (2006) Oil Titans: National Oil Companies in the Middle East, Chatham House, London, Brookings
Institution Press, Washington, 322 pp.

55 World Bank (2008b) A Citizen's Guide to National Oil Companies, Part B: Data Directory, World Bank, and Center for
Energy Economics, Bureau of Economic Geology Jackson School of Geosciences University of Texas, Austin, 764 pp.
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3. Uncertainties

The core idea of tracing and attributing supply chain emissions of CO2 and methane to the
fossil fuel and cement producers is simple. The execution of the work, however, is complex.
The industrial emissions of COz and methane attributed to nations is based on the
consumption of fossil fuels and cement manufacture and is already well-known within a
relatively narrow uncertainty range.> The present analysis is the first attempt to attribute
emissions to primary carbon producers and involves greater uncertainties.>”>8 Unlike
CDIAC estimates, which are based on United Nations consumption statistics and are
expressed in heating values (and readily-derived units of carbon per TJ), this project relies
on physical units reported by multi-national producers that have a broader range of carbon
contents and emission factors — particularly for coal.

Uncertainties, data gaps, ambiguities, choices of methodologies, poor or non-existent
reporting of fuel production by CMEs, potential double-counting, and missing data
complicate the actual work. The specifics are discussed in cell notes to worksheets, in the
sections below, and in Table B-2 at the end of this section.

e Production data:

o Uncertainties include revised and updated production figures in subsequent annual
reports; such revisions are typically minor, and we make a concerted effort to reflect
the revised data in entity production worksheets;

o This project has tracked most significant mergers & acquisitions (prior production
and emissions are attributed the to the acquiring entity); the uncertainty arises from
missing the acquisition of minor companies or production assets, and not, therefore,
adding all of the historic carbon production from acquired assets. This tends to
under-estimate total attributed emissions, and is likely below 5 percent;

o Occasionally the reporting units are ambiguous (short tons, long tons, Imperial tons,
or metric tonnes). Final reporting is consistently in metric tonnes;59

o While an omission rather than an uncertainty, it is not always possible to track
production back to an entity’s incorporation (e.g., missing Phillips Petroleum
natural gas production prior to 1937, then 265 Bcf; Phillips was established 1917).
These missing data thus underestimate actual attributable production, but insofar
as production in early years is small compared to later production, the effect is
relatively small; in the case of Phillips gas production, the company’s oil production
from 1927 to 1936 is only 1.19 percent of total production 1927 to 2010 and the
picture is probably similar for the missing data on natural gas production;

o Some companies report only gross production and not net production. Many multi-
national companies — particularly in the late 1950s to early 1970s — reported only
gross production in their annual reports. (Net deducts royalty production and
partner’s (or host government’s) share of joint-venture production). This depends

56 The Global Carbon Project, for example, cites uncertainty for fuel combustion estimates as +5 percent for one standard
deviation (IPCC “likely” range). Global Carbon Project (2012) Global Carbon Budget 2012, www.globalcarbonproject.org.
57 While international climate negotiations focus on national emissions in 1990 and reduction commitments by 2012,
alternative schemes of burden-sharing based on national or regional emissions since 1890 or 1900 have also been
discussed, such as the “Brazilian proposal,” which also include emissions from land-use, and allocate responsibility based
on historic contribution to temperature rise. Pongratz & Caldeira extend the estimates of CO2 emissions from land-use to
the millennium scale. See den Elzen et al 2005, MATCH 2008, Raupach 2011, Shindell et al 2009, and Hoehne & Blok 2005.
58 The CDIAC global emissions database is based on United Nations statistics for 1950-2010. See Marland & Rotty (1984)
for discussion of uncertainties for CDIAC’s national fossil fuel and cement emissions.

59 For example, BHP reports coal production in Imperial tons (2,240 1b = 1,016.047 kg) through 1974, and metric tonnes
thereafter, following Australia’s Metric Conversion Act (1971).
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on the specifics of production-sharing agreements and their scale relative to fully-
owned production assets. These uncertainties tend to overestimate production from
small to as high as 30 percent for those years (though more typically in the 6 to 15
percent range). Most companies report net equity production for most years and are
considered accurate. Exxon (then Standard Oil of New Jersey, aka “Esso”) reported
net production in the 1930s, 1950-1962, and 1977-2010, but only gross production
for 1940-1947 and 1962-1976. In 1961, for example, when Exxon reported both net
and gross, net was 87 percent of gross (gross exceed net by 14.9 percent).6° Other
international oil companies report similar percentages during years of reporting
both gross and net production. The effect of this historic over-reporting by Exxon
and other companies is on the order of +5 percent;

o Each company’s reporting has been adjusted by applying a “net-to-gross” ratio for
those companies and years for which only gross production is reported. This is done
for each company that reported only gross production, and resulted in lowering
attributed oil production by several billion bbl;é!

o The greatest source of uncertainty is with respect to production by state-owned oil
and gas companies (e.g., Saudi Aramco, National Iranian, Petroleos de Venezuela,
Sonangol). National oil companies appear to often report total national production
on their national territory and territorial waters and thus may include production
transferred to their international operating partners. Such unclear, incomplete, or
ambiguous reporting is common among state-owned oil and gas companies;

o Available sources were used to adjust each state-owned oil and gas company’s self-
attributed production downwards by reducing total national production to a
percentage of national production owned by each state (e.g., 60 percent for Kuwait
Petroleum and Saudi Aramco). These adjustments reduced attributed production
and potential double-counting by several billion bbl. The available information does
not remove all uncertainties regarding the net equity oil production of state-owned
companies and their international partners. Producers are encouraged to correct
errors and provide accurate and comprehensive data on equity production;62

o Figure B-4 shows state-owned oil companies (called National Oil Companies by the
World Bank and other analysts) production as a share of total national production
within its territory and territorial waters. Statoil, for example, produces less than
half of Norway’s crude oil (even though it has extensive international production
assets), whereas Egyptian General Petroleum (EGPC) produces nearly twice as
much oil as Egypt’s total oil production (although several international partners
operate in Egypt, including Hess). This, however, does little to resolve uncertainties
around equity production by state-owned oil and gas companies; also see Figure 7
in the main text.63

60 Crude oil production for 1960-61 from SON]J Annual report for 1961, p. 30. This reports on both net and gross
production. 1961 Gross: 2,744 kbbl/d, Net: 2,386 kbbl/d; Net is 0.870 of gross.

61 For example, Exxon: net of gross for Exxon 1940-1947 and 1962-1976 based on average net of gross 1950-1961 (0.870.
Also Mobil 1952-1967 and 1975-1980 based on net of gross 1968-1971 (0.855). Reduces XOM'’s attributed production by
5,074 Mbbl (from 84,732 Mbbl to 79,658 Mbbl), a reduction of 5.99 percent,;

Chevron net of gross 1984 (0.713) applied to Socal gross 1971-1983. Texaco net of gross 1975(0.953) applied to 1976-
1980. Gulf and other acquired companies appear to report net production. Total change for Chevron: minus 4,433 Mbbl
(from 102,925 Mbbl to 98,492 Mbbl), a reduction of 4.31 percent;

Royal Dutch Shell net of gross factor ave. 1954-1966 is 87.3 percent and is applied to gross 1967-1979, reduces
attributed production by 2,680 Mbbl (from 59,642 to 56,962 Mbbl), or 4.5 percent;

Conoco and Phillips seem to both report net production for all years; no net of gross adjustment.

62 Victor et al. (2011), Marcel (2006), and World Bank (2008, 2008b). See also Ariweriokuma, Soala (2009), Aissaoui, Ali
(2001), and Grayson, Leslie (1981).

63 World Bank (2008) A Citizen's Guide to National Oil Companies, Part A: Technical Report, World Bank, Washington, &
Center for Energy Economics, Bureau of Economic Geology Jackson School of Geosciences University of Texas, Austin.
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Figure B-4. National Oil Company oil production as share of total country production.
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¢ Use of own fuels:

e}

This study estimates energy consumption and emissions from the petroleum
industry's use of its own fuels at a rate of 5.9 percent of natural gas production,
considerably less than the 9.5 to 10 percent of combined oil and natural gas
production for the oil and gas supply chain estimated by the International
Petroleum Industry Environmental Conservation Association;6*

This includes field use of produced natural gas for compressors, or similar uses on
offshore production platforms or at refineries and processing facilities, pipelines,
on-site power generation, and chemical plants. Entity production data — especially
for natural gas — is for marketed gas or “gas available for sale” — and the gas usage
estimated here for own fuel use is truly a source of additional emissions;

While the industry also uses liquid petroleum products in equipment, construction,
refineries, tankers, crude and LNG carriers, all of this carbon is already included
from production through combustion, whereas there is a significant gap between
total production of natural gas and “gas available for sale;”

The coal industry is a large user of energy in mining operations, but nearly all such
energy is purchased petroleum and purchased electricity — carbon, in other words,
that is accounted for by Carbon Majors or other entities not included in this study.
No additional energy or emissions are added to coal companies from own fuel use;

We analyzed Scope 1 emission sources reported by eleven oil and gas company GHG
inventories submitted to the Carbon Disclosure Project (CDP). These include BP,
Chevron, ConocoPhillips, ENI, ExxonMobil, Hess, Pemex, Petrobras, Royal Dutch
Shell, Statoil, and Total. This analysis, based on self-reported data to CDP, indicates

64 IPIECA (2007) Saving Energy in the Oil and Gas Industry, IPIECA, London, 17 pp.
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Scope 1 emissions that average 17.9 percent of emissions from the combustion of
marketed products, or, in CDP terminology, “use of sold products;”65

o The average additional factor for the eleven companies analyzed is 5.9 percent of
natural “gas available for sale,” since oil and gas companies produce more gas than
is marketed (gas used for re-pressuring reservoirs, flared, or used in company
operations). This 5.9 percent factor is used to estimate energy use and emissions in
addition to company-reported “gas available for sale” and is applied to all producers
of natural gas;

o Cement manufacturers use large amounts of fossil fuel inputs (as well as alternative
fuels such as biomass, refuse, and tires). However, this project quantifies process
emissions from the calcining of limestone, and thus excludes emissions from fuel
and electricity inputs that are accounted for by primary carbon producers.

* Non-energy uses:

o Globally, the non-energy use factors are derived from official sources (e.g., IPCC, IEA,
UN, CDIAC, EIA, EPA, International Network of Non-Energy Use & CO2 Emissions
(NEU-CO>), and other protocols for estimating non-energy uses and carbon
sequestration rates). Non-energy factors for each individual entity clearly differ, and
differ by season, by refinery and feedstock production, each entity’s ethylene and
petrochemical precursors, petrochemical demand, where the oil is produced, where
it is shipped, to whom crude oil is sold, the gravity of the oil, and innumerable
variables that cannot be fully reflected in a single global non-energy factor.
Furthermore, petrochemical use has expanded at differing rates around the globe
and from decade to decade;

o The non-energy use factor estimated and applied in this project — based on U.S.
Energy Information Administration and Environmental Protection Agency data — is
well within the range of other recent protocols. However, this factor likely over-
estimates non-energy use (and thus underestimates final CO, emissions) for the first
half of global production prior to 1984, and is neutral or slightly underestimates net
non-energy uses (and thus overestimates final CO, emissions) from 1984 to 2010.
The result is reasonable for the full breadth of historic production and emissions. If
a more recent dataset is chosen, such as 1990-2010, then the results likely over-
estimate emissions, since non-energy uses are higher in recent years than reflected
in the non-energy factor. Note: the non-energy factor is applied to every producer,
regardless of actual disposition of their crude oil, NGLs, and natural gas;

o The non-energy use factors account for short-term re-emission to the atmosphere,
not merely the total diversion of carbon fuels to non-fuel uses. Long-term storage of
carbon as well as short-term emissions for liquids, natural gas, and coal used for
non-energy purposes Is accounted for. Examples: lubricants (9 percent storage, 91
percent emitted), asphalt and road oil (100 percent storage), liquefied petroleum
gases, naphthas, and pentanes plus used for petrochemicals (59 percent storage, 41
percent emitted), and natural gas (59 percent storage, 41 percent emitted);66

65 We analyzed Scope 1 “combustion” emissions (assumed to represent own fuel use) reported by ten oil and gas company
submissions to the Carbon Disclosure Project. Own fuel uses average 46.7 percent petroleum products and 53.3 percent
natural gas, excluding purchased heat and electricity (IPIECA, 2007). Royal Dutch Shell (10.2 percent), Hess (5.1 percent),
BP (11.1 percent), Exxon Mobil (14.0 percent), Conoco (15.1 percent), Statoil (6.0 percent), Petrobras (12.3 percent),
Chevron (7.6 percent), Total (8.2 percent), and ENI (17.0 percent); the ten-company average is 11.3 percent. We adjust
this downward by allocating only own use of natural gas (excluding own use of petroleum products, the carbon for which
is fully allocated); the final emission factor is 59.24 kgC02/tCO2 from product combustion, or 5.92 percent. Reported total
Scope 1 emissions, which include flaring and venting and methane, average 17.9 percent of product emissions.

66 The U.S. EPA is currently reviewing the quantities and sequestration rates for natural gas non-fuel uses, and the carbon
storage rates and quantities are likely to be lowered. Lacking the new data, we have not adjusted the sequestration rate
calculated for and applied in this project. Future editions of this work will review and possibly revise these factors.
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o U.S.EPArelies on EIA data for non-energy uses of carbon feedstocks. The resulting
average net storage rates for each fuel are applied to carbon majors. As mentioned
above, fuel production entities differ in their refinery operations and their final
disposition of products, and non-energy uses have expanded over recent decades;6’

o Itis known, therefore, that application of U.S.-derived net non-energy use factors
will not accurately reflect net non-energy use in, say, Qatar, China, Brazil, or Nigeria.
However, it is necessary to apply a single factor, and the applied factor is well-
documented, reasonable, and globally applicable;

o See section #4, Non-Energy Uses of oil, natural gas, and coal for details.

* Emission factors (EF):

o The emissions factors applied to fossil fuel production are taken from international
and U.S. sources (IPCC, IEA, United Nations, EIA, EPA, CDIAC). IPCC factors are
preferred and used when available;

o IPCC factors are checked against comparable EPA factors (EPA prepares and
submits the annual U.S. national emission inventory following IPCC Guidelines);¢8

o The IPCC guidance does not, however, provide heating values for physical quantities
of fossil fuels (typically in units of kgC/GJ, or carbon per unit of heat content), and
other sources have to be used in order to complete the emission factors;

o The methodology is chiefly Tier 1 insofar as IPCC default factors are used. Develop-
ing a Tier 2 or 3 inventory is impracticable, given that complete data is not available
from the producing entities regarding, for example, specific coal rank or each
entity’s refinery operations and production of non-energy products;

o For crude oil the IPCC’s default values of 42.30 GJ/t and 20.00 kgC/G] are used and,
when converted to carbon content per bbl, is 115.67 kgC/bbl. Next the co-reporting
of crude oil and NGLs is accounted for (NGLs are lighter; see bullet below), which
reduces the carbon content of liquids to 110.2 kgC/bbl. Accounting for non-energy
uses of 8.02 percent reduces this to an effective EF of 101.40 kgC/bbl;

o Most oil companies aggregate crude oil and natural gas liquids (NGLs) in reporting
statistics. Inasmuch as NGLs are lighter (such as ethane C2Hg, propane CsHsg, and
butane C4H10) than the complex crude oils, the emission factors for NGLs are lower
than for crude oils. Since the quantities or proportions of NGLs are often not
reported in company liquids production data, an emission factor for crude plus NGL
liquids production is calculated. This adjustment lowers the combined crude and
NGL emission factor by 4.73 percent (from 115.7 kgC to 110.2 kgC/bbl);

o For natural gas the IPCC default value of 15.30 kgC/G]J,%? (14.50 kgC/million Btu)
was initially used, times 1.105G]/kcf (thousand cubic feet) — derived from the
United Nations Statistical Division heating value per cubic meter (39.021 MJ/m3).70

67 A historic analysis of petroleum non-energy uses is not available; however, the US EPA/EIA data covers 1980-2010. In
1980, the storage rate (net non-energy use factor) was 8.70 percent in 1980, 9.5 percent in 1990, 10.1 percent in 2000,
and 8.4 percent in 2010. Petroleum non-energy uses in the United States in 2010 totaled potential emissions of 302
MtCO2, or 12.8 percent of actual petroleum emissions of 2,351 MtCOz2. This rate (prior to adjusting for short-term re-
emissions of combustion) is comparable to United Nations global data, which suggests a global average gross petroleum
non-energy use of 14.8 percent; United Nations Energy Statistics Yearbook, 2009, Table 25: Production of non-energy
products from refineries (524.3 Mt) and Table 26: Production of energy products from refineries (3,224 Mt); 524.3 Mt is
14.8 percent of the sum of the two components.

68 Intergovernmental Panel on Climate Change (2006) 2006 IPCC Guidelines for National Greenhouse Gas Inventories:
Volume 2: Energy, Geneva; www.ipcc-nggip.iges.or.jp/public/2006gl

69 The IPCC default value for natural gas is 15.3 kgC/G]J (ranges from 14.8 to 15.9 kgC/GJ). IPCC Guidelines 2006, volume 2:
Energy, chapter 1: Introduction, Table 1.3.

70 United Nations (2012) Energy Statistics Yearbook 2009, UN Statistics Division, Jun12; chapter on natural gas, Table V,
puts “Standard Heat Value” at 39,021 k] /m3 (“net calorific value”); unstats.un.org/unsd/energy/yearbook/default.htm.
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This leads to an emission factor of 16.91 gC/cf (61.95 gCO;/cf) prior to deducting
non-energy uses; 16.59 gC/cf and 60.80 gCO/cf after deducting non-energy uses;

o However, this emission factor is unreasonably high compared to that computed
from CDIAC data (CDIAC global gas emissions 1980-2010 / EIA gas production
1980-2010) equal to 52.70 gCO,/cf;7t

o Consequently, the IPCC/UN-derived factor was replaced with a factor based on U.S.
EPA and U.S. EIA factors: 14.46 kgC/million Btu (HHV) times 1.028 million Btu per
1,000 cf (kcf) = 14.86 kgC/kcf. Adjust for net non-fuel uses of natural gas and the
final factor is 14.58 kgC/kcf, and 53.43 kgCO/kcf;72

o This emission factor is 13.3 percent lower than the IPCC/UN factor described above,
and reduced emissions attributed to natural gas producers by the same percentage;

o Coal factors are based on IPCC default values by coal rank, and varies from 328.4
kgC/tonne for lignite to 715.6 kgC/t for anthracite. See Table B-1 & Section 4 for
details;

o The factors are based on international reporting standards, but their application
gives rise to uncertainties. The coal producers — whether multinational companies
such as Xstrata or centrally planned economies such as China — often do not report
data on coal quality and rank, which clearly affects the resulting emissions of carbon
dioxide;

o The IPCC Guidelines do not offer an emission factor for “thermal coal,” a common
unit used by coal production companies instead of the more precise and useful coal
ranking such as bituminous, or lignite, or GJ per tonne. The average of IPPC emission
factors for bituminous and sub-bituminous coal is calculated. One reviewer recom-
mended the use of a weighted factor for coal types consumed in electric utility and
industrial boilers; however, such disposition data has not been found;

Table B-1. Final combustion emissions factors (after accounting for net non-energy uses)

Carbon Carbon dioxide
Energy source tC/unit tCO2/unit
Crude oil & NGLs 101.4 kgC/bbl 371.4 kgCO2/bbl
Natural gas 14.6 kgC/kcf 53.4 kgCOz/kcf
Lignite 328.4 kgC/tonne 1,203.5 kgCO2/t
Subbituminous 495.2 kgC/t 1,814.4 kgCO2/t
Bituminous 665.6 kgC/t 2,439.0 kgCO2/t
Anthracite 715.6 kgC/t 2,621.9 kgC02/t
“Metallurgical coal” 727.6 kgC/t 2,665.9 kgC02/t
“Thermal coal” 581.1 kgC/t 2,129.3 kgC02/t

Crude oil: prior to non-energy deduction & adjustment for NGLs: 115.7 kgC/bbl, 423.8 kgCO2/bbl;
Gas: prior to non-energy deduction: 14.86 kgC/kcf ,or 54.44 kgCOz/kcf; (kcf = thousand cubic feet).

* Ancillary emissions of COz and CHa:

o Methane emissions are increasingly reported by multinational oil & gas producers,
though infrequently by coal producers. Emission rates vary widely by company,
region, even specific fields, and for coal from underground or surface (opencast)

71 This is a comparison that hides a number of variables, such as non-energy uses, production vs consumption of natural
gas, UN consumption data (on which CDIAC emission estimates are made) vs EIA’s, etc.

72 U.S. Environmental Protection Agency (2012b) Inventory of U.S. Greenhouse Gas Emissions and Sinks, 1990 - 2010, Annex
2: Methodology for Estimating CO2 Emissions from Fossil Fuel Combustion, Table A-42: Carbon Content Coefficients for
Natural Gas (Tg Carbon/QBtu), page A-64; U.S. Energy Information Administration (2013) Annual Energy Review 2011,
Table A-4: Approximate Heat Content of Natural Gas 1949-2011; Dry Natural Gas Production averages 1,027.6 Btu/scf.
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mines (underground mines emit methane at ~15 times the rate of surface mines,
per tonne mined, according to the IPCC Guidelines);”3

o The source emission factors for methane and carbon dioxide are, in most cases,
taken from the IPCC Guidelines. The only instances in which the IPCC default
methane emission rates are not used are for oil and natural gas methane emissions;

o The reason for not using [PCC values for methane emissions from oil and natural gas
systems is the counter-intuitive IPCC result, once all the various CH4 rates for
fugitives, venting, and flaring, averaged for developing and developed country rates,
average of low and high ranges (or unitary values), the IPCC default values are far
higher for petroleum than for natural gas systems. For petroleum the IPCC default
value works out to be 10.1 kgCH4/tCO; emitted from petroleum combustion, which
is equivalent to 3.93 kg CH4 per bbl (Table B-5). This value is 5.5 times the U.S. EPA
methane emission rate for petroleum systems. Conversely, the IPCC methane rate
from natural gas systems is 3.71 kgCH4/tCO emitted from natural gas combustion
compared to the EPA value of 9.88 kgCH4/tCO- (Table B-8);

o Estimates of methane leakage from natural gas and petroleum systems are being
revised by the U.S. EPA, and the factors may underestimate actual CHs emissions;74

o The methane emission rates from petroleum and natural gas are based on U.S. EPA
(2012), which was the latest version available during the final quantification phase
for this project.’s In the inventory released in April 2013 the agency revised
downward the U.S. methane emissions from natural gas systems by an average of
20.2 percent.’¢ These adjusted rates are disputed, according to monitoring data.
Future editions of this work may therefore use revised methane emission rates;??

o Methane emissions from coal mining are in line with IPCC and EPA values (4.03
kgCH4/tCO2 and 3.90 kgCH./tCO, respectively), and the IPCC factor is applied. The
[PCC values for underground and surface mining methane rates (13.7 kgCH./tCO2,
and 0.87 kgCH4/tCO2, respectively) are adjusted by weighting for world coal
production at 60 percent underground and 40 percent surface mining;78

o The companies whose reports of Scope 1 emissions were submitted to the Carbon
Disclosure Project and analyzed for this project all reported methane emission rates
far lower than global methane data indicate as the average emission rate. The ten
companies (all but Pemex) that provided methane data average 0.53 kgCH4/tCO-
from the combustion of each entities' combined oil and gas products, whereas the
global historic average for oil and gas sector is 3.89 kg CH4/tCO. The emission rates
applied here are based on EPA methane factors and corroborated by EDGAR data;??

73 Underground mines emit methane at 18 m3 per tonne, on average, compared to 1.2 m3/t for opencast (surface) mines.
This is primarily a function of coal seam depth. Since surface-mined coal is generally of lower rank and heating value, thus
lower CO2z emissions per tonne, the ratio is lower per unit of emissions.

74 Harvey (2012) Leaking Profits, NRDC. U.S. EPA estimates of methane from natural gas systems have risen from 220 Bcf
in 1990 to 791 Bcfin 2010 — far outstripping the gain in U.S. production (17.8 Tcfin 1990 to 21.6 Tcfin 2010).

75 U.S. Environmental Protection Agency (2012) Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2010, April12.
76 U.S. EPA (2013) Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2011, 505 pp., April. Ch. 10: Recalculations
and Improvements: “Updates were made to two key sources in the expert review draft: liquids unloading, and comple-
tions with hydraulic fracturing and workovers with hydraulic fracturing (refracturing). ... Overall, these changes resulted
in an average annual decrease of 41.6 Tg COz Eq. (20.2 percent) in CH4 emissions from Natural Gas Systems for the period
1990 through 2010.”

77 See Wigley, Tom M. L. (2011) Coal to gas: the influence of methane leakage, Climatic Change Letters, online 26Aug11;
Ingraffea, Anthony R. (2013) Gangplank to a Warm Future, New York Times Op-Ed, 28 July 2013; and Watson, Theresa L.,
& Stefan Bachu (2009) Evaluation of the Potential for Gas and CO2 Leakage Along Wellbores, SPE Drilling & Completion,
vol. 24(1):115-126. SPE-106817-PA.

78 World Coal Institute (2005) The Coal Resources: A Comprehensive Overview of Coal, London, 44 pp.

79 U.S. Environmental Protection Agency (2012) Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2010, 481 pp.,
April, + annexes. epa.gov/climatechange/emissions/usinventoryreporthtml; and:

Richard Heede Climate Mitigation Services
ﬁeeafe@cﬁmutemitigutian.com 68 Snowmass, Colorado, 81654, 970-927-9511





o 0Oil and gas companies’ monitoring systems and methane estimation protocols are
typically rigorous, third-party verified, and comprehensive.8? Entities” actual
methane emissions vary with operational circumstances, mix of oil and gas
production, safety requirements, management priorities, and other variables. It’s
likely that companies analyzed are leading efforts to reduce methane emissions. The
performance variability is, however, strikingly high and one-seventh the global
average historic rate for combined oil and gas system methane emissions;8!

o The applied methane emission rates are conservative compared to CDIAC (Stern &
Kaufmann, 1998) and EDGAR energy-related methane emissions. This study
attributes 67.6 GtCO.e of methane to all entities, whereas the combined CDIAC &
EDGAR data estimates total methane from 1860 to 2010 of 5.46 TgCH4, equal to
114.6 MtCO2ze (at IPCC’'s GWP of 21*CO., per SAR). Thus, this study attributes 59.0
percent of global energy-related methane compared to 63.9 percent of fossil fuel
emissions (including flaring, venting, and own fuel use);

o Carbon dioxide is vented from production platforms and gas processing plants, as
well as from ubiquitous flaring at upstream and mid-stream facilities. In particular,
carbon dioxide is common in raw natural gas and is typically removed (and vented)
to meet market specifications. The CO; entrained in produced gas varies from
negligible to as high as 20 percent or more (though this is more common with Coal
Bed Methane), varies strongly by field, and thus by company. A few companies are
field-testing CO, sequestration (e.g., StatOil’s Sleipner and Sngvhit platforms in the
North Sea and Barents / Norwegian Sea, respectively);

o We applied the average default IPCC CO; flaring rates for oil (15.94 kg CO2/tCO., or
5.92 kg CO2/bbl), which is in the range between the EPA, World Bank, and CDIAC
values (Table B-3); flaring rates from natural gas are 1.74 kg CO/tCO; (Table B-6);

o IPCC default values for venting from petroleum systems are used (3.83 kg CO2/tCO>,
or 1.42 kg CO/bbl) (Table B-4);

o Emissions of carbon dioxide from coal mines is ignored in the IPCC Guidelines.82 This
study also excludes CO; released from coal, even though U.S data suggests CO-
liberation rates of 2.6 kg CO2/tonne of coal mined, or 1.23 kg CO2/tCO> from
combustion of “average” coal. CO; liberated from coal mining is thus a small source
of 0.12 percent and is ignored in this analysis.83

European Commission's Joint Research Centre (2011) Global Emissions EDGAR v4.2: Methane Emissions, Emission
Database for Global Atmospheric Research (EDGAR), Nov11; edgar.jrc.ec.europa.eu/overview.php?v=42
80 Significant direct monitoring of methane emissions is not typical, given the tens of thousands of methane point sources
large companies possess. Protocols depend, for the most part, on equipment counts and emissions rates (gCH4/hr) for
Kimray pumps, storage tanks, pipeline seals, and so forth.
See American Petroleum Institute (2011), Canadian Association of Petroleum Producers (2003), International Petroleum
Industry Environmental Conservation Association (2003) for oil and gas emission inventory protocols.
81 The entities reported rates varying by a factor of ten — from 0.15 [Statoil] to 1.51 [ENI] kgCH4/tCO2—emitted from the
combustion of oil and gas products. The global average methane rate for combined oil and gas is 3.89 kgCHa/tCO2.
82 “Low temperature oxidation: Oxidation of coal when it is exposed to the atmosphere by coal mining releases COz. This
source will usually be insignificant when compared with the total emissions from gassy underground coal mines.
Consequently, no methods are provided to estimate it. Where there are significant emissions of COz in addition to
methane in the seam gas, these should be reported on a mine-specific basis.” IPCC 2006 Guidelines, vol. 2, chapter 4:
Fugitive emissions; Surface mining: fugitive methane, Section 4.1.3 Underground coal mines, page 4.10.
83 We estimate a rate of 2.62 kg CO2 per tonne of coal mined, which equals 0.123 percent, or 1.23 kg CO2/tCO2 from coal
combustion. Sources: Lyons, Paul C. (1996) Coalbed methane potential in the Appalachian states of Pennsylvania, West
Virginia, Maryland, Ohio, Virginia, Kentucky, and Tennessee--An overview, USGS Open-File Report 96-735. Cites COz content
ranging from 0.5 to 10 percent. U.S. Environmental Protection Agency (2012) Draft Inventory of U.S. Greenhouse Gas
Emissions and Sinks: 1990-2010, Table 3-30. U.S. Energy Information Administration (2011) Annual Coal Report, Tables 1
and 3. U.S. Environmental Protection Agency (2008b) Upgrading Drained Coal Mine Methane to Pipeline Quality: A Report
on the Commercial Status of System Suppliers, Coalbed Methane Outreach Program, US EPA. Table 2 shows CMM N and CO:
in IL, VA, PA, WV, AL ranging in CO2 1% to 5%. U.S Dept of Energy (2009) Capture and Use of Coal Mine Ventilation Air
Methane, Deborah A. Kosmack, U.S. DOE & CONSOL Energy Inc. Table 1. Gas Chromatography Analysis of Gas Samples
Taken During Vent Capacity Tests: Methane: 40-44%, N: 50-53%, COz2: 3.6-4.1%.
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TABLE OF UNCERTAINTIES AND EXCLUDED EMISSIONS

Given the numerous variables applied to ninety entities with widely differing production
histories, geographies, and geologic provinces of producing different fuels with variable
carbon contents and highly variable (and poorly reported) direct emissions of vented COo,
flaring, own fuel use, and fugitive or vented methane, it is not practicable to provide a
bottom-up calculated estimate of uncertainty for each and every entity. Whereas as the
Global Carbon Project estimates an uncertainty of +5 percent for combustion emissions,84
this analysis conservatively estimates an uncertainty of +10 percent for the overall historic
emissions attributed to Carbon Major entities.

As noted in Table B-2, most comparisons to international and global historic emissions
(such as CDIAC and JRC) and emission factors support the conclusion that the factors and
thus the attributed emissions are reasonable and typically at or below comparable inter-
national factors for combustion emissions, non-energy uses, and additional direct sources
such as vented COy, flaring, own fuel use, and methane. The characteristics of each of the
Carbon Major entities and the variable reliability and completeness of fossil fuel production
data also means that individual entities may have higher uncertainty ranges, often in the
+15 percent range. See Section 3 for details.

Table B-2. Summary of uncertainties, excluded emissions, and alternative calculations

Overall results

1. The Global Carbon Project cites uncertainty for fuel combustion estimates as +5 percent (one standard
deviation); if applied to this project’s total combustion of 833,430 MtCO: then: +41,672 MtCO2

2. Other estimated uncertainty ranges include IPCC Tier 1 methodology for methane from natural gas systems, for
which uncertainties range from +17 % (flaring in processing, developing countries) to +97 % (fugitive methane,
production, developing countries). Fugitive methane in developed countries range from +72 % (production) to
+76 % (transmission). This uncertainty is globally minor, but pertinent to companies: “not applicable” (na)

3. IPCC Tier 1 methodology for methane from crude oil range from +16 % (vented, developing countries) to +88 %
(fugitives, refining). This uncertainty is globally minor, but pertinent to individual companies: na

4. IPCC Tier 1 methodology for CO2 from natural gas range from +15 % (flared, processing, developing countries)
to 93 % (fugitives, processing, developed countries). The all-important vented CO2z from processing plants is
not even assigned an uncertainty range (default factor). This uncertainty is globally minor, but pertinent to
individual companies: na

5. For methane from coal mining, the uncertainties range from 39 % (underground) to +67% (opencast). This
uncertainty is globally minor, but pertinent to individual companies: na

6. Potential double-counting of multinational equity production within national boundaries of oil & gas-producing
with national production reported by state-owned companies has been minimized, and full disclosure of equity
production can help resolve the remaining production uncertainties that remain. na

Data (missing, gaps, etc)
7. Investor-owned company reporting of gross rather than net oil and gas production ~1960-1970. This has been
corrected in all cases where producers specify gross vs net. na

8. Missing production datasets (eg Phillips natgas prior to 1937, StatOil prior to 1984, Total prior to 1933). Since
early production pales in quantity produced, the undercount is probably quite small; “not estimable” (ne)

Non-Energy Uses

9. Ifthe Natural Gas carbon storage rate is lowered by 1 percent (from 1.711 percent to 0.711 percent), the
attributed emissions will increase from 120,113 to 120,725 MtCOz2: undercount of: -612 MtCO2

84 The Global Carbon Project cites uncertainty for fuel combustion estimates as +5 percent for one standard deviation
(IPCC “likely” range). Global Carbon Project (2012) Global Carbon Budget 2012, www.globalcarbonproject.org
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10.

11.

13.

14.

15.

16.

The non-energy uses of petroleum have risen over the last 100 years. This analysis is globally reasonable. If,
hypothetically, net C storage is currently not 8.02 percent but 9.02 percent, then 2010 oil emissions will increase

by 1.09 percent, or +98 MtCO2. Hypothetical: na
If the EIA non-energy rate (ave 1995-2010) of 0.023 % rather than the EPA-derived rate of 0.016 % is applied,
coal emissions would decrease from 329,604 to 329,579 MtCOz2; overcount +25 MtCO2

Emission factors (combustion)
12.

This study oil combustion factor (371.4 kgCO2 /bbl) vs computed CDIAC EF (382.7 kgCO2 /bbl) underestimates
emissions by -3.032 percent * 365,729 MtCO2 = undercount of: -11,088 MtCO2

This study gas combustion factor (53.43 kgCOz/kcf) vs computed CDIAC EF (52.70 kgCOz/kcf) overestimates
emissions by +1.376 percent * 120,113 MtCO: = overcount of: +1,653 MtCO:

This study coal combustion factor (1,995 kgCO2z/tonne) vs computed CDIAC EF (1,907 kgCO2/t) overestimates
emissions by +4.409 percent * 329,604 MtCO: = overcount of: +14,533 MtCO2

If we had used the IPCC/UN natural gas emission factor (60.80 kgCOz/kcf) rather than the U.S. EPA/EIA factor
applied (53.43 80 kgCOz/kcf), the attributed natural gas emissions would have been 13.79 % higher, to 136,681
MtCOz, instead of 120,113 MtCO2: undercount of: -16,568 MtCO2

Coal rank uncertainty: e.g., if “thermal” is used in place of bit or sub-bit, then bituminous (2.439 tCOz/t) /
thermal (2.129 tCO2/t), or 1.1456, and thermal (2.129 tCO2z/t) / sub-bituminous (1,814 tCO2/t) or 1.1736, or
average of £15.96 percent. This uncertainty is globally minor, but pertinent to individual coal companies: na

Emission factors (methane, CO; flaring venting own fuel use)

17. CO2 from venting (sour gas COz removal). Globally reasonable, but will vary for each gas producer. na
18. We account for 58.98% of methane 1860-2010 compared to 63.95% of all COz sources but cement;
“truing up”: (67,616 MtCOze) * (1 - (63.95/58.98)) = undercount of: -5,705 MtCOze
19. CM accounts for 47.93 percent of CO2z from flaring vs 74.97 percent combined oil and natural gas flaring of
6,040 MtCO2 * (1 - (74.97/47.93) = undercount of: -3,407 MtCO2
20. Coal-mining fugitive and vented methane emission factor: overestimates CH4 emissions for surface operators
and underestimates emissions for underground operators. The net result globally reasonable: ~0 MtCOze
21. Use of IPCC/UN natural gas emission factor increased gas emissions by ~5.7 percent, or +7,856 MtCOg; na
22. Use of IPCC/UN crude oil emission factor decreased oil emissions by ~0.3 percent, or -1,239 MtCOz; na
23. Conservative estimate of oil and natural gas producers’ use of own fuels: 5.924 % of natural gas COz2, vs. IPIECA:
9.5 to 10 % of combined oil and gas supply chain, say 8.0 % of oil plus gas (365,729 MtCOz + 120,113 MtCOz2) *
0.08 = 38,867 MtCO2; minus the estimated 7,115 MtCOz2: or undercount of: -31,752 MtCO2
24. Isotopic value of COz (3.664191) vs short-hand 3.67: -0.159 % * 839,520 MtCO2 = undercount of: -1,342 MtCO:
Exclusions
25. Oil diverted to SPRs (4.1 billion bbl in global SPRs, private + govt storage; 1971-2010 total production of 985
billion bbl, or SPR = 0.42 %); 4.1 billion bbl equiv to overcount of: +1,523 MtCO:
26. CO2z vented from coal mining is excluded. CMS estimates factor of 2.62 kg CO2/tonne coal; CMEs coal production
1854-2010 of 162.7 billion tonnes; * 2.62 kg CO2/t = undercount of: -427 MtCO2.
27. Methane and nitrous oxide emissions from fuel combustion are not estimated, insofar as these sources are end-
user technology dependent and not inherently related to the chemistry of the fuel burned. An analysis of EPA
COz, CH4, and N20 combustion-related emission rates (by CMS, background for EPA Emission Factor Hub85), CHs4
and N20 added 0.71 to 0.78 percent to CO2 from coal combustion, 0.10 percent for natural gas, and 0.33 to 0.38
percent for petroleum products. Estimated exclusion: na
28. Emissions from oil well fires, Gulf War 1, 1991; see CDIAC “Kuwait oil fires”: 0.123 MtC oil plus 0.007 MtC gas
flaring, total 0.130 MtC, or 0.478 MtCOz2; global CO2 emissions from all sources in 1991: 22,861 MtCOz2, of which
Kuwaiti oil fires is 0.0021 percent. Estimated exclusion: -0.478 MtCO2
29. CHa from venting; offshore platforms often vent rather than flare for safety reasons; CMS has not evaluated the
prevalence of this practice in the industry, onshore or offshore; Estimated exclusion: ne
30. Well blow-outs (e.g., Hess, 1985); upset conditions, and similar large-scale methane releases. Numerous,

occasionally large and durable, others regular and small, and happen to every producer of associated and non-
associated natural gas. No one, to our knowledge, tracks this information. Estimated exclusion: ne

85 U.S. Environmental Protection Agency (2011b) Emission Factors for Greenhouse Gas Inventories, Center for Corporate
Climate Leadership, epa.gov/climateleaders/ guidance/ghg-emissions.html
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Most of the alternative calculation methods, factors, uncertainties, and excluded sources
listed in Table B-2 indicate undercounts and reinforce our conclusion that the factors and
methods used in this analysis are reasonable and at or below international factors and
protocols. However, these are not additive (some are annual or periodic or cover years or
decades, others are cumulative, some are uncertainty ranges, others are simply alternative
calculation options), and the individual components cannot be summed.

Richard Heede Climate Mitigation Services
ﬁeeafe@cfimutemitigutian.com 72 Snowmass, Colorado, 81654, 970-927-9511





4. Methodological details: emission factors, non-energy use,
ancillary emissions of COz and CH4, and cement protocol.

In order to estimate final emissions to the atmosphere from data on fossil fuel production
we first need to account for the proportion of each fuel that is diverted from combustion
uses. While most marketed fuels enter the combustion supply chain — whether bituminous
coal en route to power plants or liquid fuels sold to car, truck, and aircraft operators, or
natural gas distributed via pipeline to industry and homeowners — hydrocarbons are also
useful for a variety of non-energy purposes, such as steel, petrochemicals, and fertilizers.8¢

Liquid hydrocarbons are highly prized for the variety of precursor and final petrochemical
products. The methodology must also account for the proportion of each fuel’s non-energy
uses that are oxidized to COz within the short-term such as burning plastics in landfills or
lubricants that either get combusted during use or are recycled after use and burned in a
utility boiler. The proportion of the hydrocarbon inputs that is stored in durable products
must be estimated for each non-energy use. Second, the carbon in each fuel type must be
applied in order to estimate emissions of CO; from the combustion process (full oxidation
is assumed in the IPCC 2006 Guidance). Third, additional sources of CO2 from fossil fuel
production and processing must be estimated, such as venting of CO; entrained in raw
natural gas (and must be removed to meet market specifications), COz from flared natural
gas, or CO; from flaring and entity use of its own fuels. Fourth, fugitive methane from
petroleum, natural gas, and coal production, processing, storage, and transportation must
also be quantified.

Each section below describes these factors in the following order:
1. Non-energy uses;
2. Carbon content / fuel combustion emission factor;
3. Ancillary emissions of COz;
4. Ancillary emissions of CHa.

Crude Oil & NGLs

This project has quantified the production of 985 billion barrels of crude oil and natural gas
liquids (NGLs) by 55 investor-owned and state-owned entities from as early as 1884
(ExxonMobil, then Standard Oil) to 2010. Once non-energy uses for petroleum liquids are
accounted for, and the carbon content and emission factor are applied to each entity's
production, the carbon dioxide attributable to each entity is estimated.

86 Petrochemicals are used in myriad products. One relatively minor example: the world produced ~2.7 billion car and
truck tires in 2011. Freedonia Group (2012) World Tires: Industry Study with Forecasts for 2015 & 2020, Cleveland,
freedoniagroup.com/ brochure/28xx/2860smwe.pdf. Passenger car tires weigh ~10 kg, light duty truck tires ~16 kg, and
large truck tires ~50 kg. If we assume that the average tire weighs 12 kg (accounting for smaller tires in non-OECD
countries), and that 55 percent of the average tire is composed of synthetic rubber and carbon black, then the mass of
petrochemicals in world tire production is 18 Mt. (Tire weights from Dept. of Ecology, State of Washington, Waste Tires;
ecy.wa.gov/programs/swfa/tires/). World petroleum production totaled 30.87 billion bbl in 2010, or 4.23 billion tonnes,
of which tires account for 0.43 percent. U.S. automobiles incorporate 275 kg of plastics, fluids, and lubricants, excluding
gasoline, or 18 percent of the average vehicle’s weight of 1,540 kg. Davis, Stacy, Susan Diegel, & Robert Boundy (2008)
Transportation Energy Data Book, 27, Table 4.14: Average materials consumption for a domestic car, 2004.
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Three additional factors are added to cumulative emissions for each entity: CO2 from flared
associated gas, vented CO3, and fugitive emissions of methane (CH4) from crude oil & NGL
production, transportation, refining, storage, and distribution. The methodology for each
factor is detailed below.

NON-ENERGY USES.

Crude oil, petroleum products, and natural gas liquids are valuable feedstocks for a vast
array of non-energy uses ranging from plastics and waxes and road oil to lubricants.

The methodology of the Carbon Majors project is based on US EPA and US EIA data on non-
energy uses and accounts for short-term combustion of non-energy products 1980-2010.
The appended worksheet “Non-fuel uses EPA TBtu” shows the details by non-energy use:

Road oil: 1980-2010 average non-energy use of 1.12 QBtu, at 20.55 MtC/QBtu, with carbon
content of 22.99 MtC (= 84.29 MtCO3), of which zero percent is emitted (i.e., 100 percent stored
in macadam), and thus an average annual storage of 84.29 MtCOy;

Liquefied petroleum gases: non-energy use of 1.34 QBtu * 17.06 MtC/QBtu = 22.85 MtC
carbon content (83.17 MtCO3) * 59 percent sequestration rate = 49.43 MtCO; stored;

Pentanes Plus: non-energy use of 0.16 QBtu * 19.10 MtC/QBtu = 2.59 MtC carbon content (9.50
MtCO3) * 59 percent storage rate = 5.60 MtCO; stored;

Lubricants: non-energy use of 0.33 QBtu * 20.25 MtC/QBtu = 6.67 MtC carbon content (24.46
MtCO3) * 9 percent storage rate = 2.20 MtCO; stored;

Petrochemical feedstocks: non-energy use of 1.18 QBtu * 19.35 MtC/QBtu = 22.92 MtC carbon
content (84.05 MtCO3) * 62.5 percent storage rate = 52.53 MtCO; stored;

Petroleum coke: non-energy use of 0.13 QBtu * 27.93 MtC/QBtu = 3.72 MtC carbon content
(13.64 MtCO3) * 30 percent storage rate = 4.10 MtCO; sequestered;

Special naphthas: non-energy use of 0.10 QBtu * 19.73 MtC/QBtu = 2.04 MtC carbon content
(7.48 MtCO3) * 59 percent storage rate = 4.41 MtCO; stored;

Other: non-energy use of 0.23 QBtu * 20.23 MtC/QBtu = 4.70 MtC carbon content (17.23
MtCO;) * 73 percent storage rate = 12.49 MtCO; stored;

Total petroleum: average annual non-energy use of 4.57 QBtu * (variable carbon content) =
88.47 MtC carbon content (324.41 MtCOz) * (variable storage rates) = 215.05 MtCO; stored, and
an average storage rate of 66.29 percent for non-fuel uses, and 109.36 MtCO; (33.71 percent)
re-emitted to the atmosphere annually.

Non-energy use of crude oil and NGLs, averaged over 1980-2010, totals 4.57 QBtu/y, with a
carbon content of 88.47 MtCO; (potential emissions of 324.4 MtCO: if combusted), of which
109.36 MtCO: is re-emitted over the short term, and 215.5 MtCO; is stored in long-term
storage (asphalt, plastics, and tires), for an average storage rate of 66.3 percent.

In order to calculate an overall sequestration rate we compare non-energy storage to oil
and NGL emissions over 1980 to 2010, which averages 2,298 MtCO: per year; the average
non-energy storage rate is thus 9.34 percent (215.5 MtC0O2/2,298 MtC0Oz).87

This result is averaged with Oak Ridge National Laboratory’s Carbon Dioxide Information
Analysis Center non-energy factor of 6.7 percent,8 which CDIAC applies to all liquids

87 This has ranged from a low of 7.99 percent in 1982 to a high of 10.9 percent in 1999, and 8.40 percent in 2010. See the
“Non-Energy Uses Oil” worksheet.
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consumption data from 1870 to 2010. The average of these two factors is 8.018 percent,
which is applied to all crude oil & NGL production data sets, each year, for each entity.

Fig. B-5. Petroleum products non-energy uses and net carbon storage worksheet

Petroleum Products
Petroleum coke Special Naphthas Other ! Total Non-energy Use Total Non-energy | Non-energy
petroleum(  emissions storage
Non-energy| Carbon | Carbon | Quant Quant |Non-energy| Carbon | Carbon | Quantity | Quantity |Nomenergy| Carbon | Carbon | Quentity | Quantity |Nomenergy| Carbon | Quantity | Quantity | emissions rate rate
use Coefficent | Content emitted stored use Coefficent | Content ‘emitted stored use Coefficent Content. ‘emitted stored use Content. emitted stored Percent of Percent of
70% 30% 41% 59% 27.5% 73% | emission: | emissios
B | MIC/QBu | MtC MiC02_| Mtcoz @t | Mtc/QBu | Mrc MtCo2 | Mtcoz B | MtC/GBtu | mtc MtCo2 | Mtcoz B MiC MtC02 | Mtcoz | wrcoz Percent Percent
Year | [ EA ] EPA Y cakuated [ cakusted [ cakated | E | EPA | cakuated | cakated | cakuated | EA | EPA | cakulated | cakuiated | cakuated | EIA | calulated | cakuiated | cakuiated | EA | cakulated calculated
1980 014 27.93 3.91 10.04 430 019 1973 3.75 5.64 8.11 034 2023 6.88 694  18.29 419 82 104 198 2272 4.59% 8.70%
1981 017 2793 475 1219 5.22 014 1973 2.76 415 5.98 031 2023 6.27 632 1667 [ 377 74" 98" a7s| 2122  4.60% 8.24%
1982 014 2793 3.91 10.04 430 0.13 19.73 2.56 3.86 5.55 028 2023 5.66 5.71 1506 [ 344 67 8" 161 20m 4.29% 7.99%
1983 006 2793 1.68 430 1.84 016 1973 316 475 6.83 026 2023 5.26 530 1398 [ 344 67 81”7 163|995 | 4.08% 8.18%
1984 009 2793 2.51 6.45 2.77 021 19.73 414 6.23 8.96 024 2023 4.86 49 1291 3.59 70 86 171 2,083  4.19% 8.33%
1985 009 27.93 2.51 6.45 2.77 016 1973 316 475 6.83 024 2023 4.86 490 1291 3.62 7 84 174 2,035  4.15% 8.57%
1986 008 2793 2.23 5.73 246 0.13 19.73 2.56 3.86 5.55 022 20.23 4.45 449 1183 3n 72 84 181 2125 3.97% 8.51%
1987 014 2793 3.91 10.04 4.30 014 1973 276 415 5.98 021 20.23 425 428 1129 4.06 79 97 193 2152 4.52% 8.98%
1988 0.15 27.93 419 10.75 4.61 o 19.73 217 3.26 4.69 0.23 20.23 4.65 4.69 12.37 415 81 99 198 2,246 4.40% 8.81%
1989 014 2793 3.91 10.04 430 [XE 19.73 217 3.26 4.69 023 20.23 465 469 1237 415 81 100 196 | 2,246 | 4.44% 8.73%
1990 012 2793 335 8.60 3.69 [XE 19.73 217 3.26 469 023 20.23 465 469 1237 437 85 103 208 | 2187 4.72% 9.50%
1991 [XE 27.93 3.07 7.89 3.38 009 1973 1.78 2.67 3.84 026 20.23 5.26 530 1398 442 85 104 208 | 2134 4.89% 9.75%
1992 017 27.93 4.75 1219 5.22 0.10 19.73 1.97 2.97 4.27 0.21 20.23 4.25 4.28 11.29 4.56 88 m 213 2,180 5.10% 9.77%
1993 0.08 27.93 2.23 5.73 2.46 0.10 19.73 1.97 2.97 4.27 0.20 20.23 4.05 4.08 10.76 4.72 9 m 222 2,184 5.08% 10.16%
1994 0.08 27.93 2.23 5.73 2.46 0.08 19.73 1.58 2.37 34 0.20 20.23 4.05 4.08 10.76 4.94 95 116 23 2,221 5.24% 10.39%
1995 0.08 27.93 2.23 5.73 2.46 0.07 19.73 1.38 2.08 2.99 0.20 20.23 4.05 4.08 10.76 4.97 95 nz 232 2,207 5.30% 10.51%
1996 0.09 27.93 2.51 6.45 2.77 0.07 19.73 1.38 2.08 2.99 0.20 20.23 4.05 4.08 10.76 5.05 97 19 235 2,290 5.20% 10.27%
1997 0.04 27.93 112 2.87 123 0.07 19.73 1.38 2.08 2.99 0.20 20.23 4.05 4.08 10.76 5.24 100 21 245 2,313 5.24% 10.60%
1998 0.15 27.93 4.19 10.75 4.61 on 19.73 217 3.26 4.69 0.23 20.23 4.65 4.69 12.37 5.45 105 m 253 2,358 5.56% 10.75%
1999 0.22 27.93 6.14 15.77 6.76 0.15 19.73 2.96 4.45 6.40 0.22 20.23 4.45 4.49 11.83 5.68 10 139 264 2,417 5.75% 10.90%
2000 0.10 27.93 2.79 737 3.07 0.10 19.73 1.97 2.97 4.27 0.22 20.23 4.45 4.49 11.83 5.32 102 125 249 2,461 5.08% 10.13%
2001 047 27.93 4.75 1219 5.22 0.08 19.73 1.58 2.37 3a 0.23 20.23 4.65 4.69 12.37 5.02 97 19 237 2,473 4.83% 9.57%
2002 0.15 27.93 4.19 10.75 4.61 0.10 19.73 1.97 2.97 4.27 0.22 20.23 4.45 4.49 11.83 5.09 98 21 239 2,472 4.88% 9.68%
2003 0.12 27.93 3.35 8.60 3.69 0.08 19.73 1.58 2.37 3a 0.21 20.23 4.25 4.28 11.29 5.02 97 nz 237 2,518 4.65% 9.42%
2004 0.22 27.93 6.14 15.77 6.76 0.05 19.73 0.99 1.48 213 0.20 20.23 4.05 4.08 10.76 5.41 105 130 255 2,609 4.97% 9.78%
2005 0.19 27.93 5.31 13.62 5.84 0.06 19.73 118 1.78 2.56 0.20 20.23 4.05 4.08 10.76 5.19 10 122 247 2,628 4.65% 9.40%
2006 021 27.93 586 1505 6.45 007 1973 138 2.08 2.99 024 2023 486 490 1291 514 100 120 245 | 2,603 4.63% 9.42%
2007 020 2793 5.59 14.34 614 008 1973 1.58 237 341 024 2023 4.86 49 1291 5.06 98 122 237 | 2,603 4.69% 9.12%
2008 023 2793 6.42 16.49 7.07 008 1973 1.58 237 3.41 024 2023 4.86 490 1291 459 89 15 212| 2444 |  471% 8.67%
2009 013 2793 3.72 9.55 4.09 004% 1973 0.87 131 1.89 024 2023 4.86 490 1291 412 79 101 189 | 2320 4.34% 8.16%
2010 007 2793 1.95 5.02 215 0.03 19.73 059 0.89 1.28 025 2023 5.06 510 1345 433 82 104 197 | 2,35 4.43% 8.40%
average 013 372 9.56 210 010 204 3.07 a4 023 270 a74 12.49 457 8847 10936 215.05
e of tota] 2.9% a2 1w oW 23w 2% 28%  21%|  sa% s3% 4% s8%|  1000%  100.0%  100.0% 1000w Zzs] arsm ]
[ Average storage rate 1980-2010 for non-energy uses of petroleum (USA) " 9.335% |
[ Carbon storage rate in CDIAC's global emissions datab 1751-2010 6.700% |

| Average of CDIAC & US liquids average 1980-2010 carbon storage rate; applied to Carbon Major Entities’ production

018% |
actor Cakc

inked to O Emiss

See Annex D for PDF of “Non-Energy Uses Oil” worksheet for details.

Caveat: Non-energy uses — particularly petrochemical feedstocks — have increased
sharply since plastics came into use starting in the 1920s. Hence we are overestimating
sequestration (i.e., underestimating oil & NGL emissions) prior to ~1980. On the other
hand, half of all emissions have occurred since 1984, and the storage rate of 8.02 percent is
fairly accurate for the bulk of cumulative petroleum emissions. Each oil producer refines
petrochemical and other non-energy products in varying proportions, and each refiner
varies the percentage from season to season, refinery to refinery, and year to year; some
refiners produce a smaller percentage of non-energy products than others.

CARBON CONTENT.

The carbon content of crude oils varies by geography, gravity, and the mixture of complex
hydrocarbons present in the world’s oils. It is beyond the scope of this project to estimate a
producer’s emissions from marketed petroleum products based on the quantity of products
sold (data is not available) or on the carbon content of each entity’s production sources. A
reasonable general factor must be applied to every barrel.

88 CDIAC’s 6.7 percent for non-fuel uses; CDIAC adds 1.5 percent “passes through burners unoxidized or is otherwise
spilled,” excluded here, following IPCC (2006) Guidelines default 100 percent oxidation rates (a shift from 1996 Guidance,
in which default oxidation rates were 0.98 for coal, 0.99 for oil products, and 0.995 for gas (IPCC, 1996, table 1-6).
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* This project adopts the IPCC default value of 20.00 kgC/GJ, and 5.78 G]/bbl — the latter
calculated from IPCC’s default value of 42.3 T]/Gg times average specific gravity of 0.86
(United Nations, 2009), which converts to 7.314 bbl/t and thus 5.78 GJ]/bbl — the result of
which is a factor of 115.67 kgC/bbl, or 423.85 kgCO,/bbl if fully oxidized.8990

* This project uses isotopic values for carbon and oxygen, for which the CO2/C conversion
factor is 3.664191, rather than the conventional shorthand of 3.67.91

* Potential emissions per bbl of crude oil attributed to producers must account for non-
energy uses — described above — at an average net sequestration rate of 8.02 percent.
This reduces attributed oil emissions from 423.85 kg CO,/bbl to 389.87 kg CO»/bbl.

* This factor is applied to entity crude oil and NGL production in order to estimate final
emissions attributable to Carbon Majors’ liquids production.

Figure B-6. Carbon content in crude oil & NGLs

| Table 1 | Petroleum & Natural Gas Liquids
KgC/GJ [ GJ/bbl [Kg carbon per bbl Kg CO2 per bbl

[ Step 1: [Carbon in extracted oil 20.00 " 5.78 115.67 423.85
[ Step 2: [Adjust for natural gas liquids (NGLs) in reported production | 100 percent [ 4.729% I 110.20 403.80
| Step 3: Inputs of own fuels to production, transportation, & processing * (applied in SummaryRanking.xIs) | 110.20 403.80
[ Step 4: [Vented carbon dioxide, oil operations ~ (applied in SummaryRankingxis) | 110.20 403.80
[ Step 5: [Fugitive, leaked, or vented methane ~ (applied in SummaryRankingxis) | 110.20 403.80
[_Step 6: [Flaring at oil operations " (applied in SummaryRanking.xls) | 110.20 403.80
| Step 7: |Adjust for net carbon sequestered through non-fuel uses of oil timated in “non-energy uses” workshe 8.018% 101.37 371.43
[ Step 8: [Oxidation factor ) 100 percent | 101.37 371.43
[ Step 9: [Convert step 8 factor to CO2e emissions per milion barrels | Milion tonnes Carbon and CO2 per million barrels: 0.1014 0.3714

See Annex D for PDF of “Oil Emissions Factor Calc” worksheet for details.

Caveat: Crude oil producers nearly always also produce associated natural gas, as well as
non-associated natural gas, both of which typically contain natural gas liquids (NGLs).
NGLs have lower emission factors per bbl than do crude oils (on the order of 40 percent
lower), since NGLs are lighter and have higher hydrogen to carbon ratios. Most producers,
however, aggregate crude oil and NGL production data, and the emission factor has been
lowered in order to account for the estimated 8.16 percent of crude oil and NGL combined
being the lighter NGL fractions. This adjustment lowers the combined crude and NGL
emission factor by 4.73 percent (from 115.7 kgC to 110.2 kgC/bbl).92

89 The IPCC default value for crude oil is 20.0 kgC/G]J (ranges from 19.4 to 20.6 kgC/GJ). IPCC Guidelines 2006 Volume 2:
Energy, chapter 1: Introduction, Table 1.3. Net calorific value of crude oil at 42.3 T]/Gg (range from 40.1 to 44.8 T]/Gg),
IPCC 2006 Guidelines, vol 2, ch. 1: Introduction, Table 1.2. Oil’s gravity varies from 0.724 in Indonesia to 0.961 in Surinam;
we use the value of 0.86 (“unspecified” oil) from United Nations (2012) Energy Statistics Yearbook, 2009, Appendix.

90 We have shifted to the IPCC/UN carbon content factors at the recommendation of reviewers. My previous use of U.S.
EPA factors was based on consistency in the calculation of kgC/bbl; the IPCC approach is based on carbon content per unit
of heat content (kgC/GJ) and required applying factors from other sources, such as the UN value of specific oil gravity. The
IPCC/UN methodology gives a value of 115.67 kgC/bbl as discussed above, whereas the EPA/IEA methodology gives
117.33 kgC/bbl. The IPCC-derived factor is 1.42 percent lower. Environmental Protection Agency (2011) Inventory of U.S.
Greenhouse Gas Emissions and Sinks: 1990-2009, Annex 2: Methodology and Data for Estimating CO2z Emissions from Fossil
Fuel Combustion, Table A-34: Annually Variable C Content Coefficients by Year (TgC/QBtu), shows US crude oils from
1990 through 2009 with values ranging from 20.15 to 20.31 TgC/QBtu (= kgC per million Btu). The EPA/EIA calculation
was 20.23 kgC/million Btu times 5.80 million Btu/bbl (EIA’s default factor), or 117.33 kgC/bbl.

91C=12.0107 + 0 =15.9994 x 2 = 44.0095/12.0107 = 3.664191. This is 99.84 percent of the typical 3.67 value.

92 Natural gas liquids are lighter than crude oil and have lower emission factors per unit volume (we focus here on EF on
the basis of volume, rather than energy content, because oil and gas producers report production in bbl). The emission
factor for butane (276.36 kgCO2/bbl), ethane (181.44 kgCO2/bbl), propane (234.78 kgCO2/bbl), and natural gasoline
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ANCILLARY EMISSIONS OF CO2: FLARING.

Flaring rates are calculated on the basis of IPCC default values, averaging values for oil
production in developing and developed countries (40.5 and 34.0 kgCO2/m3 of oil
production, respectively), thus 37.25 kgCO2/m3 of oil production. The combustion of one
cubic meter of oil emits 2,336 kgCO, and the effective flaring rate for petroleum is 1.594
percent, or 15.94 kgC02/tCO2 from oil combustion. See tables 5 through 8 in the “Flaring
and Venting” worksheet for details on the IPCC flaring default values and the conversion to
flaring rates. Figure 6 below summarizes IPCC crude oil flaring default factors (as well as
fugitive plus vented CO2 from petroleum); also see Table 2 below.

The data from the World Bank’s Global Gas Flaring Reduction Initiative for 2006-2010,
based on satellite measurements, averages 149 Bcm of flared gas per year (5,248 Bcf/yr),?3
which results in an average flaring rate of 32.61 kgC02/tCO; from oil combustion, or 2.68
percent. Data in billion cubic meters (Bcm) of flared gas is converted to Bcf, from which
estimated resulting CO2 emissions are calculated, and are compared to CO2 emissions from
oil combustion (using CDIAC oil emissions data) in order to estimate the equivalent flaring
rate in kg CO2 from flaring as a percent of COz from oil combustion.

Figure B-7. IPCC Tier 1 petroleum-system vented, fugitive, and flared CO; worksheet

| Table 7 Summary of IPCC CO2 rates for crude oil
Source [ kg CO2/tC02 | kg CO2/bbl

Fugitives 0.65 0.24

Venting 3.18 1.18

Flaring 15.94 5.92

Total 19.78 7.35

Fugitive + venting 3.83 1.42

Flaring 15.94 5.92

Total 19.78 7.35

See Annex D for PDF of “Flaring & Venting” worksheet Tables 5. 6, and 7 for details.

Table B-3. Petroleum-system flaring rates, per tCO; from oil combustion and per bbl

kgCO,/tCO; kg CO2/bbl
World Bank, average 2006-2010 32.61 12.11
U.S. EPA, average 1990-2010 12.20 4.76
CDIAC, average 1950-2010 26.70 9.92
IPCC Tier 1 values 15.94 5.92

Note: the metric for kg CO2 per bbl assumes that all flared gas is associated with petroleum production,
and is calculated using an oil combustion factor (including non-energy uses) of 0.3714 tCO: per bbl.
See Ancillary workbook, “Flaring & Venting” worksheet, Tables 12 (CDIAC)), Table 18 (World Bank), Table 7 (IPCC).

The result, shown in Fig. 7 (and in the appended PDF of the “Flaring & Venting” worksheet),
is 15.94 kg CO; from flaring per tonne CO2 from petroleum combustion, or 1.594 percent.
This factor is applied to each crude oil & NGL producing entity’s cumulative emissions, and
consequently raises the attributed emissions by 1.594 percent for each entity.

(308.70 kgCO2/bbl) averages to 250.32 kg CO2/gallon. Crude oil’s emission factor is 431.76 kg COz/gallon; the
unweighted average NGL emission factor is thus 42 percent lower than crude oil. (data: U.S. Environmental Protection
Agency (2011b) Emission Factors for Greenhouse Gas Inventories, epa.gov/climateleaders/ guidance/ghg-emissions.html);
EIA world production data for 1980-2012 show that Natural Gas Plant Liquids (NGPLs) comprise an average of 8.16
percent of total crude oil, lease condensate, and NGPLs for 1980-2012.
The formula for the adjustment to crude oil emission factor (115.67 kgC/bbl) is as follows: 0.0816 * (1-0.42044), which
lowers the emission factor for combined crude oil and NGL to 110.20 kgC/bbl, or 403.80 kgCO2/bbl.
93 World Bank (2012) Estimated Flared Volumes from Satellite Data, 2006-2010, World Bank Global Gas Flaring Reduction,
web data: http://go.worldbank.org/D0O3ET1BVDO.
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ANCILLARY EMISSIONS OF CO2: PETROLEUM-SYSTEM VENTED CO».

The IPCC Tier 1 values for vented and fugitive CO2 from petroleum systems are computed
and applied to carbon major entities. These rates, as for flaring above, average IPCC
emission factors for developing and developed countries; the factor for vented & fugitive
CO2 emissions is 3.83 kg CO2/tCO2 (3.18 kg CO2/tCO2 & 0.65 kg CO2/tCO, respectively)
from the combustion of the produced crude oil. The IPCC Tier 1 value is considerably
higher than the venting rate calculated from the EPA methodology and data for the U.S,,
also shown in Table 3.94 The [PCC factor — 3.83 kgCO2/tCO2 from petroleum combustion
— is applied to cumulative petroleum emissions attributed to each oil producing entity.

Table B-4. Petroleum-system vented CO; rates per tCO; from oil combustion & per bbl

kgCO,/tCO; kg CO2/bbl
U.S. EPA, average 1990-2010 0.43 0.16
IPCC Tier 1 values 3.83 1.42

Note: the metric for kg CO2 per bbl assumes that all flared gas is associated with petroleum production,
and is calculated using an oil combustion factor (including non-energy uses) of 0.3714 tCO: per bbl.
See Ancillary workbook, “Flaring & Venting” worksheet, Table 25 (EPA), Table 7 & 8 (IPCC).

Figure B-8. Petroleum-system flaring and venting rate final IPCC Tier 1 factors

Summary of Oil & Natural Gas Flaring and Venting rates
CO2: Flaring CO2: Venting CO2: Venting
Flaring: Oil Flaring: Gas CO2 Venting: Oil |CO2 Venting: Gas
flaring: Oil flaring: Gas (includes fugitives) (includes fugitives)
kg C02/tC02 kg C02/tC02 kg C02/tC02 kg C02/tC02
| 15.94 | 1.74 | | 3.833 | 28.53 |

See Annex D for PDF of “Flaring & Venting” worksheet Tables 5 through 8 for details (above: Table 8).

ANCILLARY EMISSIONS OF CH4.

Methane emissions from petroleum systems are based on U.S. data from EPA.%> Emission
sources include pneumatic device venting, tank venting, combustion and process upsets,
miscellaneous venting and fugitives, wellhead fugitives, crude oil transport, and refining.
U.S. emissions totaled 1,478 GgCH4 in 2010. We use EPA data for 1990, 1995, 2000, and
2006-2010, as shown in the screenshot of EPA (2012) Annex 3, Table A-141:

Figure B-9. U.S. data on methane emissions from petroleum systems
Table A-141: Summary of CH: Emissions from Petroleum Systems (Gg)

Activity 1990 1995 2000 2006 2007 2008 2009 2010
Production Field

Operations 1,653 1,557 1,467 1,365 1,396 1,404 1,437 1455
Pneumatic device venting 489 463 428 306 398 416 419 420
Tank venting 250 226 214 188 192 182 206 214
Combustion & process

upsets 88 82 76 71 72 75 94 97
Misc. venting & fugitives 799 762 726 692 714 706 693 700
Wellhead fugitives 26 25 22 17 20 24 24 24
Crude Oil Transportation 7 6 5 5 5 5 5 5
Refining 18 18 19 19 19 19 18 19
Total 1,677 1,581 1,492 1,380 1,420 1,427 1,460 1478

Note: Totals may not sum due to independent rounding.
EPA (2012) U.S. Inventory for 2010, Table A-141: Summary of CH4 Emissions from Petroleum Systems (Gg).
See Ancillary workbook, “Flaring & Venting” worksheet, Table 30 (EPA), and Tables below.

94 EPA (2012) U.S. Inventory for 2010, Annex 3, Table A-144: Summary of COz Emissions from Petroleum Systems (Gg COz)

95 U.S. Environmental Protection Agency (2012) Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2010, 481 pp.,
April, + annexes. epa.gov/climatechange/emissions/usinventoryreport.html

Richard Heede

Climate Mitigation Services
heede@climatemitigation.com

Snowmass, Colorado, 81654, 970-927-9511

78





The IPCC Tier 1 values are not used because the computed rates are not in agreement with
either the EDGAR or the U.S. EPA rates (Table B-5), and counter-intuitively attribute far
higher methane emission rates to petroleum systems than to natural gas systems. Nor are
oil and gas company methane estimates of much use since companies do not disaggregate
emissions from oil and gas operations. However, the oil and gas companies whose emission
estimates are submitted to the Carbon Disclosure Project show far lower rates, overall — in
fact only 11.4 percent of the rates applied here, namely 0.53 kg CH4/tCO2 compared to the
4.62 kg CH4/tCO2 used here, averaged over combined oil and gas combustion emissions.
The reasons for this are not clear: either the ten companies analyzed have lowered their
methane emissions dramatically (strongly out-performing the oil and gas sector), or are
not fully estimating their methane emissions.? Or the EPA-derived methane emission
factors are erroneous; these, however, are backed up by EDGAR, IPCC, and other sources.

In order to calculate a methane emission rate we divide CH4 emissions by CO2 emissions
from combustion of U.S. oil production for the same years (multiplied by this project’s
emissions factor for oil & NGLs, which accounts for non-energy uses of petroleum: 0.3714
tCO2/bbl) to derive a methane emission rate ranging from 1.68 kgCH4/tCO2 in 1990 to 2.13
kgCH4/tCO2 in 2008.°7 The weighted average of 1.92 kgCH4/tCO: is applied to each entity’s
cumulative emissions attributed to its crude oil & NGL production.

Table B-5. Petroleum-system methane leakage rates per tCO; from oil combustion & per bbl

kgCH4/tCO2 kgCH4/bbl
U.S. EPA, average 1990-2010 1.92 0.71
EDGAR, global average 1970-2008% 1.73 0.64
IPCC Tier 1 values 10.58 3.93

Note: the metric for kg CHa is based on methane emissions associated with petroleum production and refining,
and is calculated using an oil combustion factor (including non-energy uses) of 0.3714 tCO: per bbl.
See Ancillary workbook, “Flaring & Venting” worksheet, Table 5 (IPCC), Table 30 (EPA), and “General Non-CO2 data”
Table 2 (rows 324-382; EDGAR data 1980-2008).

Figure B-10. Worksheet on methane emissions from petroleum systems

[ Table 30 US methane emissions & rates from Petroleum Systems
|_Gg = million kg [0il production CH4 emissions [ Methane rate | Oil emissions [ Methane rate
millon bbl milion kg CH4 kg CH4/bbl MtCO2 kg CH4/tC02
Crude & NGPL | EPA Table A-141 calculated calculated calculated
1990 2,685 1,677 0.62 997 1.68
1995 2,394 1,581 0.66 889 1.78
2000 2,125 1,492 0.70 789 1.89
2006 1,862 1,389 0.75 692 2.01
2007 1,848 1,420 0.77 687 2.07
2008 1,807 1,427 0.79 671 2.13
2009 1,957 1,460 0.75 727 2.01
2010 2,012 1,478 0.73 747 1.98
Average 2,086 1,491 0.72 775 1.94
EIA data EPA data
[Totals 16,690 11,924 6,199 |
[Weighted average 0.71 1.924 kg CH4/tcO2 |

Source for Final CH4 Table 6

See appended PDF of “0Oil & Gas ancillary CH4” worksheet Table 30 for details.

96 Hess, BP, Shell, ExxonMobil, Statoil, Petrobras, ConocoPhillips, Statoil, Total, ENI SpA, Pemex, and Chevron submissions
to the CDP were analyzed. See “Entity CDP Scopes 1-3” worksheet in “AncillaryCH4&C02.xls” workbook for details.

97 A methane emission rate per bbl of oil produced in the United States, by year, is calculated in Fig. 9 (middle column),
averaging 0.72 kgCHa/bbl. This project does not apply the factor to oil production but to oil emissions attributed to each
producing entity, hence the need for the kgCH4/tCO? factor.

98 Computed from EDGAR methane emissions 1970-2008 attributed to oil production and refineries. Methane emissions
have risen from 59.7 TgCH4 in 1970 to 121.5 TgCH4 in 2008, of which, on average, 39.6 percent is from natural gas, 36.1
percent from coal, 19.0 percent from oil, and 5.2 percent from “energy manufacturing and transformation.” European
Commission's Joint Rsrch Centre (2011) Global Emissions EDGAR v4.2: Methane Emissions, Nov11.
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Figure B-11. Summary of methane leakage rates from petroleum systems

Final Oil & Natural Gas methane rates
Methane
Crude oil & NGLs Natural gas Oil & Gas Prod'n Percent
kg CH4/t CO2 kg CH4/t CO2 kg CH4/t CO2
| 1.92 | 9.88 | | |

See appended PDF of “Oil & Gas ancillary CH4” worksheet Table 6 for details.

Figure B-11 shows the final methane emission factors calculated for this project, for both
petroleum and natural gas systems. The actual worksheet links each pertinent cell to the
final entity summary worksheets (SumRanking.xls), and any revisions will automatically
flow through to sums and charts.

Natural Gas

This project has quantified the extraction of 2,248 trillion cubic feet (Tcf) of natural gas
production by 54 entities from 1900 (for ExxonMobil, then Standard 0il) to 2010. Once
non-energy uses for natural gas are accounted for, and the carbon content and emission
factor is applied to each entity’s production (generally marketed production), we estimate
emissions of carbon dioxide attributable to each entity. Three additional factors are added
to cumulative emissions for each entity: CO2 from flared natural gas, COz vented as process
emissions (especially sour gas removal: COz and hydrogen sulfide), and routine and fugitive
emissions of methane from natural gas operations, processing, transportation, and storage.
We add one additional factor pertinent to natural gas only: estimated entity use of own
fuel.?® The methodology for each factor is detailed below.

NON-ENERGY USES.

Non-energy use of natural gas is predominantly for the production of ammonia for
fertilizer production and industrial uses such as formaldehyde production from methanol.

Non-energy use of natural gas: 1980-2010 average non-energy use of 0.61 QBtu, at 14.45
MtC/QBtu, with carbon content of 8.80 MtC (potential emissions of 32.27 MtC0O>), of which 41
percent is emitted, or 13.24 MtCO;, and 59 percent stored, or average storage of 19.05 MtC0,.100

In order to calculate a net sequestration rate for natural gas non-energy use, we divide the
quantity stored by total emissions from the combustion of natural gas in the U.S. for each
year 1980-2010. The average quantity stored is 19.05 MtCO, divided by average natural

99 Estimated for natural gas only insofar as the industry produces more natural gas than is “available for sale,” and while
many producers re-inject produced gas into its producing oil fields in order to maintain reservoir pressures, all oil and gas
producers consume a lot of natural gas in field operations, power generation, refineries, chemical plants, pipelines, etc.
100 These calculations are based on Energy Information Administration (2011) Annual Energy Review, 2010, Table 1.15:
Fossil Fuel Consumption for Nonfuel Use Estimates, 1980-2010 and U.S. EPA (2012) Inventory of U.S. Greenhouse Gas
Emissions and Sinks: 1990 - 2010, Annex 4: IPCC Reference Approach for Estimating COz Emissions from Fossil Fuel
Combustion, Table A-256: 2010 Non-Energy Carbon Stored in Products. Perry Lindstrom (personal communication,
27Sep12) of the EIA informs me that non-fuel uses of natural gas and the net storage rates are being reviewed and will
likely be revised downward. The effect is that net storage quantities and rates — calculated at 1.711 percent of natural
gas production — probably overestimate storage and thus underestimate emissions attributed to natural gas production.
If the storage rate is lowered by 1 percentage point (from 1.711 percent to 0.711 percent), the emissions attributed to
carbon majors will increase by 612 MtCO2 (from 120,113 to 120,725 MtCOz), or +0.051 percent.
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gas emissions of 1,108 MtCOz. Over the 31-year EPA and EPA data set on natural gas non-
energy uses, the net storage rate is 1.711 percent per annum.

Figure B-12. Non-energy uses and net carbon storage worksheet for natural gas

Natural Gas
Total Non-energy Non-energy
Non-energy Carbon Carbon Quant Quantity natural gas | emission rate | storage rate
use Coefficent Content emitted stored emissions Percent of Percent of
41.0% 59.0% total emissi total
QBtu MtC/QBtu MtC MtCO2 MtCO2 MtCO2 Percent Percent
BA | EPA | cakuated | cakuated | cakuated BA | cakuated calculated
1980 0.65 14.45 9.39 1412 2032 1,063 1.33% 1.91%
1981 0.48 14.45 6.94 10.43 15.01 1,036 1.01% 1.45%
1982 0.41 14.45 5.92 8.91 12.82 963 0.92% 1.33%
1983 0.40 14.45 5.78 8.69 12.51 901 0.96% 1.39%
1984 0.45 14.45 6.50 9.78 14.07 962 1.02% 1.46%
1985 0.52 14.45 7.51 11.30 16.26 926 1.22% 1.76%
1986 0.4 14.45 6.36 9.56 13.76 866 1.10% 1.59%
1987 0.49 14.45 7.08 10.65 15.32 920 1.16% 1.67%
1988 0.57 14.45 8.24 12.38 17.82 962 1.29% 1.85%
1989 0.50 14.45 7.23 10.86 15.63 1,022 1.06% 1.53%
1990 0.56 14.45 8.09 1217 17.51 1,025 1.19% 1.71%
1991 0.59 14.45 8.53 12.82 18.45 1,047 1.22% 1.76%
1992 0.62 14.45 8.96 13.47 19.39 1,082 1.25% 1.79%
1993 0.64 14.46 9.25 1391 20.02 1,110 1.25% 1.80%
1994 0.69 14.46 9.98 15.00 21.58 1134 1.32% 1.90%
1995 0.69 14.46 9.98 15.00 21.59 1,184 1.27% 1.82%
1996 0.70 14.46 1012 15.22 21.90 1,205 1.26% 1.82%
1997 0.72 14.46 10.41 15.65 22.52 1,211 1.29% 1.86%
1998 0.79 14.44 11.41 17.15 24.68 1,189 1.44% 2.08%
1999 0.77 14.46 1113 16.74 24.09 1192 1.40% 2.02%
2000 0.74 14.47 10.71 16.10 2317 1,241 1.30% 1.87%
2001 0.64 14.46 9.25 1391 20.02 1,187 1.17% 1.69%
2002 0.68 14.46 9.83 14.78 21.27 1,229 1.20% 1.73%
2003 0.63 14.44 9.10 13.68 19.68 1,191 1.15% 1.65%
2004 0.62 14.46 8.97 13.48 19.40 1,194 1.13% 1.62%
2005 0.65 14.46 9.40 1413 2034 1175 1.20% 1.73%
2006 0.64 14.46 9.25 13.91 20.02 1,157 1.20% 1.73%
2007 0.68 14.46 9.83 14.78 21.27 1,235 1.20% 1.72%
2008 0.66 14.46 9.54 14.35 2065 1,243 1.15% 1.66%
2009 0.62 14.46 8.97 13.48 19.40 1,218 1.11% 1.59%
2010 0.64 14.46 9.25 13.91 20.02 1,285 1.08% 1.56%
EPA non-energy use in 2009 of 0.366 Qbtu and 0.222 Qbtu in 2010.
[[averages: | 0.61 | 14.45 | 8.80 | 13.24 | 19.05 | 1,108 | 1.19% [ 1.71% |
simple 31-yr average
| Average carbon storage rate 1980-2010 for non-energy uses of natural gas (USA) 1.711% |
] Carbon storage rate in CDIAC’s global emissions database 1751-2010 2.000% |
[ Average of CDIAC & US average 1980-2010 carbon storage rate 1.856% |

linked to “Gas Emissions Factor Calc”

See appended PDF of “Non-energy uses” in SumGas.pdf workbook for details.

The net storage rate is averaged with the datum adopted by CDIAC, which uses a 98
percent emission rate and thus a 2 percent carbon storage rate (although in CDIAC'’s case,
0.5 percent is for incomplete combustion, which, per IPCC 2006 Guidance, is set at zero).
The average of the 1.711 percent used here and CDIAC’s 2.0 percent is 1.856 percent. This
rate is used to calculate the effective carbon dioxide emission factor for natural gas.

CARBON CONTENT.

The carbon content of natural gas per unit of volume is calculated on the basis of U.S. EPA
and U.S. EIA factors: 14.46 kgC/million Btu (HHV) times 1.028 million Btu per 1,000 cubic
feet (kcf) (HHV) = 14.86 kgC/kcf. Adjusted for net non-fuel uses of natural gas and the final
factor is 14.58 kgC/kcf, and 53.43 kgCOz/kcf.101102 See Table B-12 for details.

101 U.S. Environmental Protection Agency (2012b) Inventory of U.S. Greenhouse Gas Emissions and Sinks, 1990 - 2010,
Annex 2: Methodology for Estimating COz Emissions from Fossil Fuel Combustion, Table A-42: Carbon Content
Coefficients for Natural Gas (Tg Carbon/QBtu), page A-64; U.S. Energy Information Administration (2013) Annual Energy
Review 2011, Table A-4: Heat Content of Natural Gas 1949-2011; Dry Natural Gas Production averages 1,027.6 Btu/scf.
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Figure B-13. Carbon content in natural gas and final combustion emission factor

[Table 1] Natural Gas
Kg carbon per Million Btu | Million Btu per 1,000 cf \ Kg carbon per 1,000 cf Kg CO2 per 1,000 cf
kgC/million Btu (HHV) (HHV) milion Btu/kcf [ kgC/kef kgC02/kef

| Step 1: |Carb0n in produced natural gas (net production) 14.46 1.028 " 14.86 54.44
[[Step 2: [Energy inputs to gas extraction, transport, processing, & delivery | (applied in SummaryRanking.xis) | 14.86 54.44
| Step 3: |Vented carbon dioxide, gas operations 1 (applied in SummaryRanking.xls) | 14.86 54.44
| Step 4: |Direct venting of methane (intentional & fugitive), gas ops 1 (applied in SummaryRanking.xls) | 14.86 54.44

Step 5: |Flaring of natural gas, gas operations 1 (applied in SummaryRanking.xls) | 14.86 54.44
| Step 6: |Adjust for carbon sequestered through non-energy uses of gas 1 estimated in “non-energy uses” 0.98144 14.58 53.43
[Step 7: [Adjust for oxidation rate 1 100 percent 1.00000 14.58 53.43
| Step 8: |Convert step 7 factor to emissions per billion cubic feet (Bcf) [ Million tonnes Carbon and CO2 per billion cf (Bcf) 0.01458 0.05343

See appended PDF of “Gas Emissions Factor Calc” in SumGas.pdf workbook for details.

ANCILLARY EMISSIONS OF CO2: CO2 REMOVAL FROM PRODUCED GAS.

Carbon dioxide commonly occurs in natural gas and is typically removed in order to meet
pipeline heating value requirements. Removal of “sour gas,” i.e., carbon dioxide, is done at
natural gas processing plants. CO; content in raw gas various widely from field to field
around the world, and tends to be higher in unconventional gas fields. Total CO, content in
U.S. natural gas averages 3.45 percent, but 4.83 percent in unconventional gas (and up to
18 percent in coal bed methane production), and 3.41 percent in conventional gas, shown
in Figure 13.103 Note that the U.S. data on CO2 content in natural gas shows higher rates
than the EPA vented CO2 from natural gas processing plants, which suggests that not all CO>
is removed from natural gas, since the average venting rate shown in Table 5 is 2.33
percent. Indeed, the carbon dioxide content of marketed pipeline quality natural gas is a

maximum of 2.0 percent.104

Figure B-14. CO; content in U.S. natural gas by region and well type
Table A-133: U.S. Production Sector GO: Content in Natural Gas hy NEMS Region and Natural Gas Well Tyne

U.S. Region
North Rocky
Well Types East Midcpntinent  Gulf Coast _ South West Mountain West Coast  Lower-48 States
Conventional 0.92% 0.79% 217% 3.81% 7.95% 0.16% 3.41%
Non-
conventional® 742% 0.31% 0.23% NA 0.64% NA 4.83%
All types 3.04% 0.79% 2.17% 3.81% 7.58% 0.16% 3.45%

Source: GRI-01/0136 GTI's Gas Resource Database: Unconventional Natural Gas and Gas Composition Databases. Second Edition. August,

2001

*In GTL this refers to shale, coal bed methane, and tight geologic formations. The Inventory defines un-conventional wells that those that are

hydraulically fractured.

EPA (2012) U.S. Inventory for 2010, Annex 3, Table A-133. Original data GRI 2001.

102 [t would have been preferable to use IPCC or other international data to derive the carbon content of natural gas on a
volumetric bases, but United Nations (2012) Energy Statistics Yearbook 2009, UN Statistics Division, Jun12, "Standard
Heat Value" (net calorific value) at 39,021 k] /m3, which is unreasonably high and skewed the emission factor to a value of
16.91 kgC/kef (61.9 kgCO2/kcf), and to 16.59 kgC/kcf (60.8 kgCO2/kcf) after accounting for non-energy uses. These
IPCC/UN values are ~13.8 percent higher than the U.S. EPA/EIA emission factor applied to natural gas production here.
103 Gas Research Institute (2001) Gas Resource Database: Unconventional Natural Gas and Gas Composition Databases, 2nd
edition; cited in EPA (2012) Inventory 2010, Annex 3, Table A-133: “U.S. Production Sector CO2 Content in Natural Gas by
NEMS Region and Natural Gas Well Type.” Note: shale gas production has increased from less than 1%in 2000 to 23% of
total U.S. production in 2010, and is projected to reach 34% in 2020. EIA (2012) Annual Energy Outlook, table 19, page 62.

104 American Petroleum Institute (2009) Compendium of Greenhouse Gas emissions Methodologies for the Oil & Gas

Industry, Aug09, 807 pp. Appendix E, Table E-4.
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CO; content in world natural producing areas are poorly characterized, and this study
calculates a CO; emission rate from IPCC Tier 1 default factors for vented CO2 and fugitive
CO2 (of which fugitive CO; is a very small fraction). The majority of vented and fugitive
emissions are from processing, with smaller amounts from production, transmission, and
storage. The factors vary from 0.040 kg COz/m3 in developed countries and 0.0675 kg
CO2/m3 in developing countries; the average (0.0538 kg CO2/m3) converts to 28.53 kg
C0O2/tCOz from the combustion of natural gas, and shown in Figure 14 and Table 5 below.
This rate equates to an additional 2.85 percent of CO; emissions from gas production, and
is applied to cumulative natural gas production for each Carbon Majors producing entity.

Figure B-15. Vented CO; emissions from natural gas processing plants

Summary of Ancillary Flaring and Venting factors
CO2: Flaring CO2: Venting CO2: Venting
Flaring: Ol Flaring: Gas CO2 Venting: Oil | CO2 Venting: Gas
flaring: Od flaring: Gas (includes fugitives) | (includes fugitives)
kg C02/tC02 kg C02/tC02 kg ©02/tC02 kg C02/tC02
[ 15.94 | 1.74 | [ 3.833 | 28.53 |

See appended PDF of “Flaring & Venting” in AncillaryCH4&CO2.pdf, tables 3 and 8 for details.

Table B-6. Estimates of vented & fugitive CO; emissions from natural gas systems

kgCOZ/tCOZ kg COz/BCf
U.S. EPA, average 1990-2010 23.34
IPCC Tier 1 values 28.53 1,525

See appended PDF of “Flaring & Venting” in AncillaryCH4&CO2.pdf, tables 1, 2, 3, 4, and 8 for details.

ANCILLARY EMISSIONS OF CO2: FLARING

The IPCC Tier 1 emissions factor for flaring from natural gas systems is applied, averaging
developed and developing countries, chiefly from processing, condensate transport, and
gas storage. The average factor is 0.00328 kg CO2/m3, which converts to 1.74 kg CO; of
flaring per tonne of CO2 from natural gas combustion, or 93 gCOz/cf of burned natural gas.
See tables 1 and 2 in “Flaring & Venting” worksheet for details of the computations. Also
see Figure 14 above and Table 6 below for summary flaring factors.

Table B-7. Estimates of flaring CO; emissions from natural gas systems

kgCOZ/tCOZ kg COz/BCf
U.S. EPA, average 1990-2010 na
IPCC Tier 1 values 1.74 93

See appended PDF of “Flaring & Venting” in AncillaryCH4&CO2.pdf, tables 1, 2, 3, 4, and 8 for details.

ANCILLARY EMISSIONS OF CHa.

Methane is emitted from the production through delivery of natural gas. Global estimates
for 2008 total 52 MtCHa4. Principal sources are well workovers, pneumatic device vents,
field separation equipment, and compressor stations; in some countries (e.g., Russian
Federation) pipeline leakage is a significant source. The Carbon Majors study excludes
methane emissions from natural gas distribution pipelines, since emissions to fossil fuel
producers are attributed (not distributors, gas utilities, or consumers). The [PCC Tier 1
rates are too low (whereas the [PCC Tier 1 values for methane from petroleum systems are
too high) compared to other sources.
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Figure B-16. Worksheet on methane emissions from natural gas systems, EPA data

| Table32 | Calculation of natural gas system methane rates |
U.S. natural gas Estimated CO2 Methane emission Methane Methane
production, emissions fromU.S.| rate (excluding emission rate | emission rate
EIA data natural gas prodn | distribution CH4) | (excl. distrib. | (excl. distrib.
Bef/yr MtCO2/yr kg CH4/tC02 g CH4/cf Percent
1990 17,810 952 0.417 2.17%
1992 17,840 953 7.95 0.425 2.20%
1995 18,599 994 8.17 0.437 2.27%
2000 19,182 1,025 9.14 0.488 2.54%
2006 18,504 989 11.06 0.591 3.07%
2007 19,266 1,029 11.32 0.605 3.14%
2008 20,286 1,084 11.11 0.594 3.08%
2009 20,580 1,100 11.14 0.596 3.09%
2010 21,577 1,153 10.64 0.569 2.95%
Total 1990-2010 173,644 9,278 88.35
average 19,294 1,031 9.82 0.5278 | 2.72%|
[Weighted average of 1990-2010 9.88 |

Linked to Table 6 Bradbury et al 2013
See the appended PDF of “0Oil & Gas ancillary CH4” worksheet Table 32 for details.

Table B-8. Natural gas-system vented & fugitive methane rates, per tCO; from gas combust’'n

kgCH4/tC02 tCH4/BCf
U.S. EPA, weighted average 1990-2010 9.88 531
EDGAR, global average 1970-2008105 8.98 482
IPCC Tier 1 values 4.22 225

Note: the metric for kg CHa4 is based on methane emissions associated with natural gas production and processing.
See appended PDF of “Oil & Gas ancillary CH4” worksheet Tables 1, 2, 6, 31, and (particularly) Table 32 for details.

Figure B-17. Summary table of vented and fugitive methane from natural gas systems

Final Qil & Natural Gas methane rates
Methane
Crude oil & NGLs Natur al gas Ol & Gas Prod'n Percent
kg CH4/t €02 kg CH4/t CO2 kg CH4/t CO2
| 1.92 | 9.88 | | |

See appended PDF of “Oil & Gas ancillary CH4” worksheet Table 6 for details.

Instead the methane emission rate is based on U.S. EPA data for the United States 1990-
2010. Production stage emissions (67 percent of the total), processing plants (9 percent),
and natural gas transportation and storage (24 percent) are included, but distribution
emissions are not.1% The EPA-derived rate is 531 tCH4/Bcf of gas production, and 9.88 kg
CH4/tCO2 from natural gas combustion. (Note: this is prior to the growth of hydraulic
fracturing gas production from tight shale formations, which reportedly has higher
methane emission rates than conventional gas production.)7 Applying the standard GWP
factor for methane of 21 * COg, per IPCC’s Second Assessment Report, yields a natural gas
methane rate (9.88 * 21) of 207.4 kg CO2e/tCO; from natural gas combustion, equivalent to
an adder of 20.7 percent above gas combustion and applied to all natural gas producers.

105 Computed from EDGAR methane emissions 1970-2008 from natural gas systems. According to this database, global
energy-related methane emissions have risen from 59.7 TgCH4 in 1970 to 121.5 TgCH4 in 2008, including 52.1 TgCHa
from natural gas systems. European Commission's Joint Research Centre (2011) Global Emissions EDGAR v4.2: Methane
Emissions, Emission Database for Global Atmospheric Research, Nov11; edgar.jrc.ec.europa.eu/overview.php?v=42. This
data is from the “General Non-CO2 data” worksheet in the “AncillaryCH4&CO02.xls” workbook.

106 The percentages are from the EPA estimates (2012) of U.S. gas-system emissions, since the EDGAR global data does not
provide a breakdown of natural gas methane emissions by source.

107 Howarth, Robert W., Renee Santoro, & Anthony Ingraffea (2011) Methane and the greenhouse-gas footprint of natural
gas from shale formations, A Letter, Climatic Change, vol. 106:679-690. See also: Ingraffea, Anthony (2013) Gangplank to a
Warm Future, New York Times Op-Ed, 28 July 2013; Wigley, Tom M. L. (2011) Coal to Gas: The Influence of Methane
Leakage, Climate Change Letters, vol. 108:601-608; and Allen et al. (2013) Proc. Natl. Acad. Sciences, online 16Sep13.
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Analysis of EPA’s methane emissions for the United States — 9.88 kg CH4/tCO2 (207.4 kg
C0O2e/tCO2) from gas production and processing relative to COz emissions from gas
combustion — is in good agreement with the EDGAR data set, which averages 8.98 kg
CH4/tCO2from 1970 to 2008.108

Coal

This project has traced the production of 162,736 million tonnes of coal production to the
Carbon Major entities and estimated cumulative emissions 329.6 GtCOz from combustion of
the produced coal. Once non-energy uses for coal are accounted for, and the carbon content
and emission factor is applied to each entity's production, the emissions of carbon dioxide
attributable to each entity are estimated. One additional emission source is added to each
entity: vented and fugitive emissions of methane from coal mining operations, the majority
of which are from underground mines that are ventilated for safety reasons. Underground
coal deposits contain higher proportions of methane embedded in the coal seams (methane
content typically increases with coal seam depth), whereas in surface coal deposits much of
the trapped CH4 has been liberated over the eons.

NON-ENERGY USES.

Non-energy use of coal is predominantly for carbonization to make metallurgical coke for
steel manufacturing, but also smaller industrial uses such as coal tars (for aromatic
chemicals), synthesis gas for chemical uses, activated carbon, filters, soaps, and carbon
fibers. The IPCC (2006) provides guidance on non-energy calculations and quantitative
estimates, as well as storage factors, but provides insufficient data useful for estimating
emission and sequestration rates, and we instead base our estimates on EPA (2012).109

Non-energy use of coal: 1980-2010 average non-energy use of 0.029 QBtu, at 26.05 MtC/QBtu,
with carbon content of 0.76 MtC (potential emissions of 2.80 MtCO3), of which 90 percent is
emitted, or 2.52 MtCO, and 10 percent stored, or an average annual storage of 0.28 MtCO..
Note: the smaller component of coal’s non-energy uses — industrial applications — has a
higher storage factor of 59 percent, compared to 10 percent for coking coal.110

This results in average 1980-2010 storage rate of 0.016 percent relative to the CO>
emissions from coal combustion.!! Song & Schobert (1996b) suggest a higher carbon
storage rate (based on 0.78 QBtu of non-energy coal use in 1992),112 compared to EPA’s use

108 European Commission's Joint Research Centre (2011) Emission Database for Global Atmospheric Research (EDGAR),
edgar.jrc.ec.europa.eu/overview.php?v=42. We elect to not use the EDGAR data, and its calculated methane emission rate,
due to incomplete boundary definition of what is included in natural gas system emissions. Factsheet - Energy: Fugitive
emissions (1B) at: edgar.jrc.ec.europa.eu/factsheet_1b.php.

109 U.S. EPA (2012) Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 - 2010, Table A-32: Unadjusted Non-Energy
Fuel Consumption, and Table 3-21: 2010 Adjusted Non-Energy Use Fossil Fuel Consumption, Storage, and Emissions.
These tables are reproduced in the attached “Non-energy uses” worksheet in the PDF of the SumCoal.xls workbook.

110 We do not adjust the overall storage rate, since the EPA’s use of EIA’s data appears to ignore industrial uses when it
comes to estimating final emissions from non-energy uses. If we were to make this adjustment it would double the overall
storage rate. However, we only have 2010 data to work with, and given the variability and dominance of coking coal uses,
we cannot justify making this adjustment.

111 CMS analysis of the EIA data (unadjusted by the EPA) suggests a sequestration rate of 0.077 percent over the 31-yr
period 1980-2010. However, since the EPA is the lead agency for providing national inventories to the IPCC, we use the
EPA-derived result in the Carbon Majors project.

112 Song, Chunsan, & Harold Schobert (1996b) Non-Fuel Uses of Coals and Synthesis of Chemicals and Materials, Fuel
Science Program, Pennsylvania State University, University Park, PA.
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of EIA’s datum of 0.04 QBtu in the same year. Song and Schobert do not provide enough
data on emissions and storage or the multi-year data necessary to calculate long-term
trends and carbon storage rates.!13 The rate calculation adopted here may be low, but the
factor from the most applicable data is applied. Rates may be revised at a later date.

Figure B-18. Calculation of non-energy use rate for coal

Coal

Alternative coal Non-energy | Non-energy

Non-energy| Non-energy Carbon Carbon Quant Quantity emissions emission rate | storage rate

use use Coefficent Content emitted stored Percent of Percent of

90.00% 10.00% total emissions | total emissions
QBtu QBtu MtC/QBtu MtC MtCO2 lﬁt&)ez MtCO2 Percent Percent
EPA ‘I EIA ‘I EPA 1 calculated calculated calculated EIA ‘I calculated calculated
done done done done done done done done
1980 0.08 25.96 2.08 6.85 0.76 1,436 0.48% 0.053%
1981 0.07 25.96 1.82 6.00 0.67 1,485 0.40% 0.045%
1982 0.04 25.96 1.04 3.43 0.38 1,433 0.24% 0.027%
1983 0.04 25.96 1.04 3.43 0.38 1,488 0.23% 0.026%
1984 0.05 25.96 1.30 4.28 0.48 1,598 0.27% 0.030%
1985 0.03 25.96 0.78 2.57 0.29 1,638 0.16% 0.017%
1986 0.02 25.96 0.52 1.71 0.19 1,617 0.11% 0.012%
1987 0.03 25.96 0.78 2.57 0.29 1,691 0.15% 0.017%
1988 0.02 25.96 0.52 1.71 0.19 1,775 0.10% 0.011%
1989 0.02 25.96 0.52 1.71 0.19 1,795 0.10% 0.011%
1990 0.0082 0.02 25.96 0.52 1.71 0.19 1,821 0.09% 0.010%
1991 0.02 25.96 0.52 1.71 0.19 1,807 0.09% 0.011%
1992 0.04 25.95 1.04 3.43 0.38 1,822 0.19% 0.021%
1993 0.03 25.95 0.78 2.57 0.29 1,882 0.14% 0.015%
1994 0.03 25.94 0.78 2.57 0.29 1,893 0.14% 0.015%
1995 0.0491 0.03 25.93 0.78 2.57 0.29 1,913 0.13% 0.015%
1996 0.0355 0.03 25.93 0.78 2.57 0.29 1,995 0.13% 0.014%
1997 0.0112 0.03 25.93 0.78 2.57 0.29 2,040 0.13% 0.014%
1998 0.0213 0.03 25.95 0.78 2.57 0.29 2,064 0.12% 0.014%
1999 0.0512 0.03 25.98 0.78 2.57 0.29 2,062 0.12% 0.014%
2000 0.0660 0.03 26.00 0.78 2.57 0.29 2,155 0.12% 0.013%
2001 0.0361 0.02 26.00 0.52 1.72 0.19 2,088 0.08% 0.009%
2002 0.0523 0.02 26.05 0.52 1.72 0.19 2,095 0.08% 0.009%
2003 0.0638 0.02 26.09 0.52 1.72 0.19 2,136 0.08% 0.009%
2004 0.1797 0.02 26.10 0.52 1.72 0.19 2,160 0.08% 0.009%
2005 0.0924 0.02 26.09 0.52 1.72 0.19 2,182 0.08% 0.009%
2006 0.0748 0.02 26.04 0.52 1.72 0.19 2,147 0.08% 0.009%
2007 0.0142 0.02 26.05 0.52 1.72 0.19 2,172 0.08% 0.009%
2008 0.0410 0.02 26.05 0.52 1.72 0.19 2,139 0.08% 0.009%
2009 0.0183 0.01 26.05 0.26 0.86 0.10 ] 1,876 0.05% 0.005%
2010 0.0768 0.02 26.05 0.52 1.72 0.19 1,985 0.09% 0.010%
[ 00204 259885 07626 25167 0.2796 | 1,884 [  0.14% |
[ Average storage rate 1980-2010 for non-energy uses of coal (USA) 0.016% |

linked to EF worksheet

See the appended PDF of “Non-energy uses” in SumCoal.pdf for details.

CARBON CONTENT.

The carbon content of coal on a mass basis is far more varied and complex than for crude
oil and natural gas, and varies from 32.8 percent for lignite to 71.6 percent for anthracite
based on computations of IPCC default values for coal types.114 Potential emissions from
the combustion of produced coals is reduced from non-energy uses of coal (0.016 percent,
hence the 0.9998 shown in the non-energy uses column in Figure 19).

113 In the EIA data cited by EPA (2012) Table A-32, non-energy use of industrial coking coal ranged from zero to 168
TBtu/y (1997 and 2004, respectively); industrial other coal was in a narrower range (8 to 12 TBtu/y).

114 [PCC (2006) Guidelines for National GHG Inventories, Volume 2: Energy, Introduction, Table 1.3: Default Values of
Carbon Content (in kgC/G]J), page 21. IPCC does not list “average utility coal,” which this study uses as a default value for
coal producers that show coal production as either "thermal coal" or does not specify coal rank. CMS estimates this value
by averaging bituminous and sub-bituminous coal.
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The adjusted coal coefficient for each coal type is shown in red in Fig. 18, and ranges from

1.20 tCO2 per tonne lignite to 2.62 tCO; per tonne anthracite. These factors are applied to
the quantities of coal produced by each entity, for each year.

While it is preferable to base calculations on carbon content per unit of heating value (such

kgC/M]), as CDIAC does, using United Nations coal consumption data, this project is

constrained by coal producers’ (chiefly investor-owned) tendency to report production in
metric tonnes or short tons — and typically to not report heating values or energy content

of produced coals, though some companies do (e.g., Murray Energy: bituminous, though
heating values are not provided, and Anglo American). More often, producers will report

generic coal rank, such as “thermal” and “coking coal” (Anglo American [with heating

values of South African production ranging from 4,470 to 7,400 kcal/kg], Coal India [coking

and non-coking], North American Coal [lignite]).11> Others provide a mixed record;

Peabody, for example, provided data on mine type (surface or open cast), type of coal
(steam, pulverized, or metallurgical), and heating values of coal produced at each of the
company’s forty domestic and international mines in its 2006 annual report.11¢ These
details were deleted from the 2010 report, except for generic coal type (e.g., thermal or

metallurgical).

Figure B-19. Carbon content and emission factors for coal types

Carbon Majors applies IPCC-derived coefficients in “Coal Emissions” worksheet

Calculation of Coal Coefficients by Coal Rank (IPCC default values)

(prior to adjusting for oxidation and non-fuel uses) Non-energy uses Adjusted Not including rmthane,l
IPCC default value| IPCC values calkulation 3.664191 C02/C | (100% oxidation) Coal Coefficient included elsewhere
GJ/tonne kgC/GJ kgC/tonne Percent C Tonne CO2/tonne | adjustment factor | tonne CO2/tonne coal

11.90 27.60 328.44 32.8% 1.2035 0.9998 1.2033 Lignite
18.90 26.20 495.18 49.5% 1.8144 0.9998 1.8141 Sub-bituminous
25.80 25.80 665.64 66.6% 2.4390 0.9998 2.4386 Bituminous
26.70 26.80 715.56 71.6% 2.6219 0.9998 2.6215 Anthracite
28.20 25.80 727.56 72.8% 2.6659 0.9998 2.6655 Metallurgical coal
22.35 26.00 581.10 58.1% 2.1293 0.9998 2.1289 Thermal coal

ther mal coal is assumed to be the average of bituminous and sub-bituminous
IPCC does not specify average boiler fuel default value, and figure may be revised

See appended PDF of “Coal C Coefficients” in SumCoal.pdf workbook for details.

Given these constraints, we are forced into a carbon estimation protocol with fairly broad
uncertainties. “Thermal coal,” for example, can range from lignite in India and Germany to
high-carbon bituminous mined in New South Wales, Appalachia, and Correjon (Colombia),
and with carbon content ranging from ~30 to ~70 percent and an emission factor ranging

nked to *Coal Emissions” worksheet,

con

(2010)

from ~1.2 to ~2.4 tCOz/tonne coal. We have attempted to narrow the uncertainties by
researching coal quality in regions of interest and where producers provide inadequate

information on coal rank or heating values, such as Luminant (lignite, Texas) or Coal India

(lignite and sub-bituminous). Producers are encouraged to correct errors and provide
complete information on coals mined, heating values for each mine wholly or partially
owned, and provide the kind of estimates made here with partial information.

The carbon content and CO2 emission estimation protocol is as follows:

* Research annual reports, SEC filings, company histories, and website information on
annual coal production;

115 Several entities provide little guidance on rank or heating value of produced coals, e.g., Massey Energy

116 See the Coal extraction worksheet for details.
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* Note, to the extent reported by each entity, coal rank and heating values; the ranking
is typically generic categories such as “thermal” or “steam” and “metallurgical” or
“coking” coal, or “hard coal;”

* List additional information on specific coal rank and heating values for each mine or
production asset, if published by the company;11”

* (Categorize coal production by coal rank where company data allows it, or research
typical coal ranks of important producing regions and assign likely rank;

¢ Ifacoal operator has listed coal rank for, say, the last twenty years but did not do so
in earlier annual reports, we apply the same ranks to previous production;

* The percentage of production by rank is calculated for each entity. Peabody’s
production, for example, is 96.9 percent “thermal” (for which we use the average of
bituminous and sub-bituminous coal) and 3.1 percent metallurgical; Xstrata is 84.4
percent bituminous and 15.6 percent metallurgical; Coal India is 6.6 percent lignite
and 93.4 percent sub-bituminous; Sasol is 100 percent bituminous;

* This distribution of production by rank allows us to calculate probable emissions by
each producer’s customers, since we have accounted for non-energy uses in the
emission coefficients worksheet (Figures 17 and 18);

* Thus, for each entity, we multiply coal production for each year by the percentage of
each rank of coal and the emission factor for each rank of coal. As an example, BHP

Billiton’s 2010 production totaled 104 million tonnes, of which 71.1 percent was
“energy coal” (categorized as “thermal” coal) and 28.9 percent “metallurgical coal:”

104 Mt coal * 0.711 *2.129 tCOz/tonne coal + 104 Mt coal * 0.289 * 2.665 tCOz/tonne coal;
Total BHP emissions, 2010: 236 MtCO,; average BHP emission factor is 2.284 tCO,/t.

* The distribution of coal types is based on the number of years such data is reported,
and this distribution is applied to each entity’s entire production history;

ANCILLARY EMISSIONS OF CO2.

While small quantities of carbon in coals is oxidized into COg, trapped, and liberated during
mining and post-mining operations, such emissions are considered negligible, this study
(as well as IPCC and EPA) excludes this emission source.!18 U.S data suggests CO2 liberation
rates of ~2.6 kg COz/tonne of coal mined, or ~1.2 kg CO2/tCO2 from coal combustion. CO>
liberated from coal mining is thus a small source of ~0.12 percent.11® Given the paucity of

117 While heating values are documented on the production worksheets, we have not applied them: no producer has
provided sufficient data for all its operations over its mining history to make such an approach feasible; and the work of
making use of differing heating values for each of its 40 mines provided by Peabody Energy for 2006, for example, is
beyond the scope of this project. Where heating values are provided they are used to inform the classification of coal rank.
118 “Low temperature oxidation: Oxidation of coal when it is exposed to the atmosphere by coal mining releases COz. This
source will usually be insignificant when compared with the total emissions from gassy underground coal mines.
Consequently, no methods are provided to estimate it. Where there are significant emissions of COz in addition to
methane in the seam gas, these should be reported on a mine-specific basis.” IPCC 2006 Guidelines, vol. 2, chapter 4:
Fugitive emissions; Surface mining: fugitive methane, Section 4.1.3 Underground coal mines, page 4.10.

119 We estimate a rate of 2.493 kg COz per tonne of coal mined, which equals 0.123 percent, or 1.23 kg CO2/tCO2 from coal
combustion. Sources: Lyons, Paul C. (1996) Coalbed methane potential in the Appalachian states of Pennsylvania, West
Virginia, Maryland, Ohio, Virginia, Kentucky, and Tennessee--An overview, USGS Open-File Report 96-735. Cites COz content
ranging from 0.5 to 10 percent. U.S. Environmental Protection Agency (2012) Draft Inventory of U.S. Greenhouse Gas
Emissions and Sinks: 1990-2010, Table 3-30. U.S. Energy Information Administration (2011) Annual Coal Report, Tables 1
and 3. U.S. Environmental Protection Agency (2008b) Upgrading Drained Coal Mine Methane to Pipeline Quality: A Report
on the Commercial Status of System Suppliers, Coalbed Methane Outreach Program, US EPA. Table 2 shows CMM N and CO:
in IL, VA, PA, WV, AL ranging in CO2 1% to 5%. U.S Dept of Energy (2009) Capture and Use of Coal Mine Ventilation Air
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global and U.S. data, and the lack of IPCC protocols in its guidance documents for coal-mine
vented COz, we do not include an estimate of this source in the Carbon Majors project.

ANCILLARY EMISSIONS OF CH4.

Most coals contain methane embedded in pore spaces (along with minor amounts of CO,
ethanes, and nitrogen) that are released during mining or in post-mining treatment. The
methodology is based on estimates of global CH4 emissions from coal mining; a methane
release rate per tonne mined and per tonne CO2 from coal combustion is calculated.

Figure B-20. IPCC Tier 1 values for coal methane emission rates

Table 2 kg CH4 per tonne coal mined
Low Average High
Underground mining kg CH4/t mined kg CH4/t mined kg CH4/t mined
Mining 6.70 12.06 16.75
Post-mining 0.60 1.68 2.68
Total 7.30 13.74 19.43
Surface mining

Mining 0.20 0.80 1.34
Post-mining - 0.07 0.13
Total 0.20 0.87 1.47

UG/SF 36.33 15.77 13.18

See appended PDF of “Coal ancillary CH4” in AncillaryCH4&CO2.pdf workbook for details.

Figure B-21. IPCC Tier 1 factors and derivation of average coal methane emission rate

[ Table 6 kg CH4/ t coal mined converted to kg CH4/t CO2
Low | Average [ High
Combined mining | kg CH4/t CO2 comb. | kg CH4/t (or tC02) [ kg CH4/tonne

Underground 7.30 13.74 19.43 |kg CH4/t mined

Surface 0.20 0.87 1.47 [kg CH4/t mined

Total 7.50 14.61 20.90 [kg CH4/t mined

Average 3.75 7.30 10.45 |kg CH4/t mined

Coal combustion EF 213 213 2.13 |tCO2 emitted/t coal combusted

Methane rate, CH4 1.76 3.43 4.91 |kg CH4/tCO2 from combusted coal

Methane rate, CO2e 37.01 72.04 103.10 |kg C0O2e/tCO2 from combusted coal
Adjusted for mining method.[Methane rate, adjustec 210 7 403 7 5.75 |kg CH4/tCO2 from combusted coal
Adjusted for mining method.|Methane rate, adjustec 44.02 84.73 120.81 |kg CO2e/tCO2 from combusted coal

linked to summary table 9, and thereto SumRanking.xls

See appended PDF of “Coal ancillary CH4” in AncillaryCH4&CO2.pdf workbook for details.

Figure B-22. Final coal methane rates

Final coal mining methane rates
Methane
Coal mining emissions
kgCH4/tcoal | kgCH4/tC02 | kg CO2est CO2
| 8.59 | 4.03 | 84.73 |

See Table 9 in the appended PDF of “Coal ancillary CH4” in AncillaryCH4&CO2.pdf workbook for details.

The IPCC Tier 1 emission factors are applied to coal entities in this study, starting with IPCC

emission rates (in units of m3 of methane per tonne of coal mined) for underground and
open cast mining and post-mining, using “average” factors, converting to an emission rate
of kg CH4 per tonne of CO2 emission from coal combustion (using an emission factor of

Methane, Deborah A. Kosmack, U.S. DOE & CONSOL Energy Inc. Table 1. Gas Chromatography Analysis of Gas Samples
Taken During Vent Capacity Tests: Methane: 40-44%, N: 50-53%, CO2: 3.6-4.1%.
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2.129 tCO2/t coal), and, finally, adjusting for ~60 percent of world coal mined underground
and ~40 percent open cast.120 The final factor — 4.03 kg CH4/tCO2 from coal combustion —
is applied to each coal entity’s annual coal extraction and marketing.

Table B-9. Calculated coal-mining methane rates: other expert sources and this study.

Source Tg CHy kg CH4/tonne coal kg CH4/tCO;
Kirchgessner, 1993 45.6 9.47 4.84
CIAB, 1994 26.0 5.36 2.74
Fung et al, 1991 39.0 8.80 4.50
Boyer et al, 1990 53.5 11.53 5.89
Cicerone & Oremland, 1988 35.0 7.89 4.04
Crutzen, 1987 37.0 8.35 4.27
Stern & Kaufmann, 1996 63.6 10.54 5.56
IPCC, tier 1 calculation, underground only'21 13.74 6.45
IPCC, tier 1 calculation, opencast only 0.87 0.41
IPCC, tier 1 calculation, 60% UG, 40% OC 8.59 4.03
European Commission, EDGAR, 2008 46.7 6.85 3.56
European Commission, EDGAR, 1970-2008 29.8 6.86 3.64
EPA, 2011 (global) 4.29 2.24
EPA, 2012 (USA, underground) 8.09 3.37
EPA, 2012 (USA, surface) 1.08 0.60
EPA, 2012 (USA, all coal) 3.39 1.68
This study122 ~56.2 8.59 4.03

See appended “Coal ancillary CH4” in AncillaryCH4&CO2.pdf workbook Tables 4, 8, and 10-13 for details.

The final methane emission factor of 4.03 kg CHa4 is in the mid-range of the estimates by
other sources listed in the above table. (Calculations of methane rates by CMS.) This factor
is applied to all coal production entities in this study; the resulting estimate of attributed
cumulative methane emissions totals 1,330 MtCH4 (equal to 27,926 MtCO:e at IPCC Second
Assessment Report’s GWP value of 21 * COz).

Since cumulative combustion emissions of all coal entities is 329,604 MtCO-, the methane
emissions add 8.47 percent to emissions of carbon dioxide from coal combustion. This is in
line with the EDGAR adder, the average of 1970-2008 is 7.49 percent. The EDGAR methane
emission rates show a decline from 8.4 kg CHs/tonne in 1970 to 6.9 kg CH4/t in 2008.123

The IPCC-based methodology does not account for variable methane content and liberation
rates, capture of methane (for flaring or utilization, rather than venting to the atmosphere),
open cast vs underground rates, and other factors for which producers, by and large, do not
provide the information required. Consequently, methane emissions attributed to surface
operators will be over-estimates, and, vice-versa, underground operators will be attributed
lower methane emissions.

120 World Coal Institute (2005) The Coal Resources: A Comprehensive Overview of Coal, London, 44 pp. The trade group
changed its name to World Coal Association in 2010.

121 “This is the density of CH4 and converts volume of CH4 to mass of CH4. The density is taken at 20° C and 1 atmosphere
pressure and has a value of 0.67 * 10-6 Gg/m3.” IPCC Guidelines 2006, vol. 2: Energy, ch. 4: Fugitive Emissions, page 4.12.
The procedure for underground mines is 18.0 m3/t (plus 2.5 m3/t for post-mining); thus 20.5 m3/t* 0.67 * 10-¢ Gg/m3
(0.67 kg CH4/m3) equals 13.74 kg CHa/t.

122 The global coal methane emissions implied by this study’s emission rate of 4.03 kgCH4/tCO:2 from coal combustion
(13,950 MtCOz in 2010) totals 56.2 TgCH4. No global methane estimates are available for comparison that is also based on
the rapid rise of coal production in 2009 and 2010, especially in China.

123 European Commission's Joint Research Centre (2011) Global Emissions EDGAR v4.2: Methane Emissions, Nov11;
edgar.jrc.ec.europa.eu/overview.php?v=42; the complete EDGAR methane data are reproduced in the “General Non-C02
data” worksheet, rows 324 to 380, in AncillaryCH4&CO2.pdf
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About one-fifth of methane liberated from U.S. coal mines in 2010 was recovered and used
(943 TgCH4 of 4,401 TgCH4 total, or 21.4 percent), though this usage rate has increased
from 6.2 percent in 1990, according to the U.S. EPA data in the figure below.?4 China, the
world’s largest coal mining methane emitter (~14.3 TgCH4 in 2010, at a rate of ~4.3
kgCHa4/t of coal production), captured and used 17 percent of its coal mine methane.12>
Globally, 22 percent of coal methane is being recovered and used.126

Figure B-23. US sources and disposition of coal-mine methane 1990-2010
Table 3-28: CH4 Emissions from Coal Mining (Tg CO, Eq.)

Activity 1990 2005 2006 2007 2008 2009 2010
UG Mining 623 349 349 357 49 496 51.6

Liberated 679 502 502 509 60.5 66.1 714

Recovered & Used (5.6) (152) (188) (152) (163) (166) (19.6
Surface Mining 120 133 14.0 138 143 129 131
Post-Mining (UG) 1.1 64 63 6.1 6.1 5.6 5.7
Post-Mining (Surface) 20 22 23 22 23 21 21
Total 84.1 56.8 56.8 57.8 66.9 70.1 72.6

Note: Totals may not sum due to mdependent rounding. Parentheses indicate negative values.

Table 3-29: CH; Emissions from Coal Mining (Gg)

Actvity 1990 3005 3006 2007 3008 3009 3010
UG Mining 3,968 1663 1603 1608 2102 2360 2459

Liberated 3234 2389 2588 2422 2881 3149 3402

Recovered & Used 66) (M6) (895 (24) (719  (789)  (943)
Surface Mining 5736 633.1 6680 6589 6805 6142 6262
Post-Mining (UG) 3683 3059 2085 2896 2920 2667 2702
Post-Mining (Surface) 932 1029 1085 1071 1106 998 1018
Total 1,003 2705 2768 2754 3186 3340 3458

Note: Totals may not sum due to independent rounding. Parentheses indicate negative values.
See appended PDF of “Coal ancillary CH4” in AncillaryCH4&CO2.pdf workbook for details.

Cement

This project includes industrial emissions from cement manufacturing. World production
of cement in 2010 totaled 3.3 billion tonnes, more than half (1.78 billion tonnes) of it in
China. Emissions of carbon dioxide from cement manufacture includes the CO: released
from the high-temperature processing of limestone (calcium carbonate, CaCO3) into
clinker, the cementitious product that makes up portland cement. This calcining process
releases 0.498 to 0.540 tCO2/t clinker. Emissions from energy inputs such as electricity for
motors and fuel inputs such as coal, petroleum coke, natural gas, tires, plastics, and other
waste products or biomass used to heat the rotary kilns to ~1,400 °C are excluded. The
inventory methodology is based on limestone inputs and a careful calculation of calcining
COz emissions, including kiln dust, and either excluding or including emissions from energy
inputs, depending on whether gross CO; are sought (such as by WBCSD Cement Sustain-
ability Initiative and its members) or industrial CO; from limestone decarbonation (such as

124 EPA (2012) Draft Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2010, Tables 3-28 and 3-29.
125 Global Methane Initiative (2010) Coal Mine Methane Country Profiles, China.

126 73.6 MtCO2e (3.50 MtCH4) of total emissions of 329 MtCOze (15.67 Mt CH4). This may be inaccurate, since some “CMM”
projects may be from coal-bed methane projects, and comparing 2005 emissions to more recent annual CMM utilization.
Global Methane Initiative (2010) Coal Mine Methane Country Profiles, Tables 3 and 4.

Richard Heede Climate Mitigation Services
ﬁeerfe@cfimatemitigation.com 91 Snowmass, Colorado, 81654, 970-927-9511





by CDIAC). This project estimates only process emissions from calcining and excludes
emissions from fuel and electricity inputs (which are accounted for primary production
already included in carbon major’s fuel production).

METHODOLOGY.

The cement producers!?” included in Carbon Majors by and large do not report cement
production data, which are needed to use the IPCC and national inventory approaches. A
search of each company’s annual reports and/or sustainability reports reveals reporting of
cement production capacity rather than actual cement production. We devised another
method to estimate each company’s calcining emissions.

Figure B-24. Cementitious product emission factors.

0.5071 IPCC 1996

tC02/t cementitious product
0.4987 CDIAC emission factor

0.5400 WBCSD Sustainabile Cement Initiative - general cement EF |

0.5196 WBCSD GNR suggests 60 percent process emissions of h
global average of 866 kg CO2 per tonne of clinker

A

0.5203 IPCC tier 1 approach, IPCC 2006

A

0.5196 truing up to CDIAC process emission factor
See appended PDF of “Process Emissions” in SumCement.pdf workbook for details.

The largest cement manufacturers participate in and report gross emissions to the WBCSD
Cement Sustainability Initiative; they typically also report gross emissions in their annual
sustainability reports.128 The process emission estimates are based on each entity’s
reported gross emissions of COz — that is, both emissions of CO2 from calcining and
emissions of CO; from energy inputs — and then estimate the fraction of the total from
calcination of limestone. Inasmuch as the industry has made good progress in improving
the efficiency of the industrial process (thus lowering the energy input per tonne of clinker)
and increased the non-fossil fuel energy inputs, this change is accounted for by gradually
increasing the proportion of calcination of total emissions from 1990 to 2010 (Figure 25).

The methodology is as follows:

* Multiply each cement entity’s gross COz emissions by the CSI default emission factor
of 525 kgCOz/tonne of clinker * 80 percent (the clinker content of cementitious
product) — which thus equals a cementitious product emission factor of 420
kgCO2/tonne;12?

* The cementitious product emission factor of 420 kgCO/t is divided by the reported
overall “net emission rate” of CSI members, which declined from 758 kgCOz/t in

127 Cemex, Heidelberg, Holcim, Italcementi, Lafarge, & Taiheiyo. China’s cement production & emissions are also included.

128 World Business Council for Sustainable Development Cement Sustainability Initiative (2009) Cement Industry Energy
and COz Performance: 'Getting the Numbers Right', 44 pp., www.wbcsdcement.org.

129 Based on WBCSD Cement Sustainability Initiative protocol (2011) default factor of 525 kg COz/tonne clinker times an
industry average of approximately 80 percent clinker in cementitious product (due to substitute and additional materials
such as gypsum, fly ash, etc), CMS estimates 420 kg CO2 per tonne of cementitious product is attributable to the calcining
process (CaCOs ---> CaO + COz2) (525 * 0.8 = 420). Cement Sustainability Initiative (2011) COz and Energy Accounting and
Reporting Standard for the Cement Industry, 76 pp. www.wbcsdcement.org/pdf/tfl_co2%20protocol%20v3.pdf.
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1990 to 625 kg CO2/t in 2010; the resulting percentages increased from 55.7
percent in 1990 to 66.4 percent in 2010 (see table below, right column);130

* The percentage series is linked from table 3 in the “Cement Industry data”
worksheet to row 18 of the “Process emissions” worksheet in SumCement;

* Each cement manufacturer’s gross emissions by year (“Gross emissions” worksheet)
is multiplied by the process emissions percentage for each year 1990 to 2010, the
result of comprises estimated CO; emissions from processing limestone into cement
in the “Process emissions” worksheet.

Figure B-25. Derivation of percentages for calcining emissions of gross emissions

[ Table 3 WBCSD GNR participants data Estimated

Thermal efficiency | Net emission rate |Gross emission rate| Production Net emissions | calcining emissions

Year MJ/tonne clinker kg CO2/tonne kg CO2/tonne Mt cementitious Mt CO2 percent of net
kg CO2e per tonne cementitious product 420 kg CO2/t )
(column “X") (420/column “X")
(net emission rate)
1990 4,260 754 759 529 400 55.7%
1991 749 754 interpolated 56.0%
1992 745 750 interpolated 56.4%
1993 740 745 interpolated 56.7%
1994 736 741 interpolated 57.1%
1995 731 736 interpolated 57.5%
1996 726 731 interpolated 57.8%
1997 722 727 interpolated 58.2%
1998 "7 722 interpolated 58.6%
1999 713 718 interpolated 58.9%
2000 3,760 708 713 627 448 59.3%
2001 703 708 interpolated 59.7%
2002 699 704 interpolated 60.1%
2003 694 699 interpolated 60.5%
2004 690 695 interpolated 60.9%
2005 3,680 685 690 766 518 61.3%
2006 3,670 659 675 835 555 63.7%
2007 3,670 651 668 890 584 64.5%
2008 3,650 638 657 877 568 65.8%
2009 3,580 627 646 803 510 67.0%
2010 3,580 633 655 66.4%

Column marked “X” is divided into 420 kg CO2/t to yield percentages in right-hand column.
See appended PDF of “Cement industry data” in SumCement.pdf workbook for details.

The cumulative result is that 13.2 GtCO; is attributed to the six cement manufacturers plus
China. Of this total, 4.0 GtCO is attributed to the six investor-owned cement companies
from 1990 to 2010.

CHINA’S CEMENT EMISSIONS.

China’s emissions are calculated differently, inasmuch cement production data are
available (unlike for the entities discussed above) from U.S. Bureau of Mines production
data for China 1928-2010. CDIAC uses this approach, and simply multiplies cement
production by 0.500.131

130 The CSI “net emission rate” excludes emissions from non-fossil fuel energy inputs.

131 To quote from Boden et al (1995): “This conversion factor was obtained by dividing the molar mass of carbon by the
molar mass of calcium oxide and multiplying this quotient by the average fraction of calcium oxide contained in cement:
(12.01 g C/mole CaCO3 + 56.08 g CaO /mole CaCO3) * 0.635 g CaO /g cement = 0.136 g C /g cement. The consensus that
63.5% of the typical cement in the world is composed of calcium oxide is based on the opinions of experts consulted in the
field, as well as inspection of composition data by type and country (Griffin 1987).” The formula: (12.01/56.08) * 0.635 *
3.667 = 0.4987, rounded up to 0.500. Boden, T. A,, G. Marland, & R.]. Andres (1995) Estimates of Global, Regional, &
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China’s cement emissions totals 9.2 GtCO2, though from a longer time series (1928-2010)
than the six investor-owned cement companies.132

Caveats:
* Cement producers typically do not publish cement production statistics;

* The most comprehensive data is that submitted to the WBCSD CSI database (often
also published in entity sustainability reports), but which typically only state gross
and net COz emissions for 1990 and 2000-2010;133 1991-1999 are interpolated,
which introduces varying errors for each manufacturer, though not likely large;

* A uniform percentage factor is applied to each entity’s gross COz emissions in order
to estimate calcining emissions: each company’s fraction will likely differ;

* Technical progress in lowering the fossil carbon energy inputs to cement making is
accounted for, which each cement producer has amply demonstrated in their
performance data, though at somewhat differing rates, whereas the methodology
adopted in this analysis conflates this improvement to one factor applied to all
entities equally, albeit improving gradually over time.

Figure B-26. Process emission estimates for cement entities

2000s Sum to 2010
2000 1 2001 J 2002 l 2003 I 2004 i 2005 J 2006 [ 2007 l 2008 [ 2009 | 2010 Millon tonnes CO2 Cement process emissions
59.3% 1 59.7% 60.1%  60.5% 609% 61.3%  63.7%  64.5%  65.8% 67.0% 66.4% Process emissions a nt of
24 24 24 27 30 31 34 35 32 27 27 |y 551 Cemex
298 330 362 430 484 533 617 679 692 806 890 | y 9,150 China, PRC
25 24 22 24 26 26 29 34 35 30 31|y 587 HeidelbergCement
46 48 51 53 55 58 61 64 64 60 62|y 1,008 Holcim
20 20 20 20 21 25 28 29 28 24 24|y 463 Italcementi
47 48 49 48 51 53 59 62 68 62 61y 1,044 Lafarge
11 1" 1 10 10 10 11 10 10 9 0]y 402 Taiheiyo
T 4707 504 537 613 678 735 838 914 930 1,017 1,006]y [ 13,205 | [ Emissions from identifed cement prod'n (MtC02) |
128 138 147 167 185 201 229 249 254 278 302y [ 3,604 | [ Carbon in identified cement prod'n (MtC) |
828 868 923 1,011 1,092 1,173 1,301 1,400 1,414 1509 1,638 |y [ 32,519 | [ CDIAC cement emissions (Million tonnes of CO2) |
1929-2010
226 237 252 276 298 320 355 382 386 412 447 | y | 8,875 | [ CDIAC cement emissions (Milion tonnes of carbon) |
56.8%  58.0% 58.2%  60.6%  62.1%  62.7% 64.4%  65.3%  65.7%  67.4%  67.5%| y [ 40.6%| [ Percent of cumulative CDIAC cement emissions |
Total emissions from identified cement production through 2010 (million tonnes CO2; 13,205 I

See Annex D for PDF of “Process emissions” in SumCement.pdf workbook for details.

National Annual COz Emissions from Fossil-Fuel Burning, Hydraulic Cement Production, and Gas Flaring: 1950-1992,
cdiac.ornl.gov/epubs/ndp/ndp030/ndp0301.htm#co2man

132 Based on U.S. Bureau of Minerals (1933-) Minerals Yearbook. Data is corroborated by CDIAC data for China 1928-2008.

133 The WBCSD terminology is unclear. Their “gross emissions” account for total direct COz emissions and differs from
“net emissions” in terms of alternative fossil fuels, biomass inputs, emissions reduction credits, and alternative raw
material inputs — and includes calcining emissions. See Cement Sustainability Initiative (2011) page 25 for definitions.
This study uses the term “process emissions” to include only the CO2 emitted from the calcination of limestone in cement
production, inasmuch as we need to exclude emissions from electricity and fuel inputs, which are accounted for by
primary carbon producers. The WBCSD provides little data on calcining emissions.
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Table B-10. Summary of combustion, flaring, venting, & fugitive emissions

Crude oil & NGLs
Cumulative production:
Non-energy uses
Emission factor:

Fuel combustion:
Flared CO;:

Vented CO3:

Methane:

Total:

Natural gas
Cumulative production:
Non-energy uses
Emission factor:

Fuel combustion:
Flared CO;:

Vented CO3:

Methane:

Own fuel use

Total:

Coal

Cumulative production:

Non-energy uses

Emission factor: Lignite
Subbituminous
Bituminous
Anthracite
“Metallurgical”
“Thermal”

Fuel combustion:

Flared CO;: 134

Vented CO3:

Methane:

Total:

Cement

Cumulative production:
Emission factor:

CaCOs3 calcining:

Total:

All Carbon Majors
0il & NGLs

Natural gas

Coal

Total combustion
Cement

Vented CO;

Flaring

Own fuel use
Methane

Total Carbon Majors

984.7 billion bbl

8.02 %

0.3714 tCO,/bbl
365.73 GtCO;

5.83 GtCO,

1.40 GtCO2

14.77 GtCO4e

387.74 GtCO,e

2,247.9 Tcf
1.86 %
0.0534 MtCO,/Bcf
120.11 GtCO,
0.21 GtCO;
3.43 GtCO,
24.92 GtCOze
7.12 GtCO,
155.78 GtCOze

162.74 billion tonnes (Gt)
0.016 %
1.203 tCO2/tonne
1.814 tCO/tonne
2.439 tCO2/tonne
2.622 tCO2/tonne
2.665 tCO2/tonne
2.129 tCO2/tonne
329.60 GtCO>
na
na
27.93 GtCOze
357.53 GtCO2ze

~24.4 billion tonnes (Gt)
~0.54 tCOz/tonne cement
13.21 GtCO>
13.21 GtCO2ze

365.73 GtCO;
120.11 GtCO;
329.60 GtCO2
815.45 GtCO;
13.21 GtCO;
4.83 GtCO2
6.04 GtCO2
7.12 GtCO2
67.62 GtCOze
914.25 GtCOze

(108.5 GtC)

(79 Gbbl, 8.7 GtC stored)

(0.0507 tCOz/t)
94.32 %

1.50 %

0.36 %

3.81%

100.00 %

(64,653 Bcm, 33.4 GtC)
(0.62 GtC stored)
(1.887 MtCO2/Bcm)
77.10 %

0.13%

2.20%

15.99 %

457 %

100.00 %

(0.01 GtC stored)
0.3284 tC/t
0.4952 tC/t
0.6656 tC/t
0.7156 tC/t
0.7276 tC/t
0.5811tC/t

92.19%

7.81 %
100.00 %

100.00 %
100.00 %

40.00 %
13.14 %
36.05 %
89.19 %
1.44 %
0.53%
0.66 %
0.78 %
7.40 %
100.00 %

134 Ventilation (CH4 and COz and contaminant) gases from underground coalmines are typically not flared.
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Summary of flaring, venting, and fugitive emission factors

Emission from flaring, fugitive, and vented carbon dioxide and from fugitive and vented
methane from oil and gas operations and coal mining are shown in table 9. Since the basis
is kgCOze per tonne CO; released from combustion of petroleum, natural gas, and coal, the
total column shows additional emissions per tCO, easily converted to percent. That is,
additional emissions from venting and flaring and methane are 6.02 percent for petroleum,
23.77 percent for natural gas, and 8.47 percent for coal.

Table B-11. Emission factors for vented, flared, and fugitive carbon dioxide and methane

Combustion Flaring Vented Methane Methane Total
Entity kgCO2/tCO2  kgCO2/tCO2  kgCO2/tCO2  kgCH4/tCO2 kgCO2e/tCO2 kgCO2e/tCO2
Crude oil & NGLs 1,000 15.94 3.83 1.92 40.39 1,060.2
Natural gas 1,000 1.74 28.53 9.88 207.44 1,237.7
Coal 1,000 ne ne 4.03 84.73 1,084.7

ne: not estimated; see text for discussion. Excludes own fuel use of 59.24 kg CO2/tCO2 (natural gas only).

Table 1 is repeated below for easy comparison with Table B-11 above:

Table B-12. Final combustion emissions factors

Carbon Carbon dioxide
Energy source kg C/unit kg COz2/unit
Crude oil & NGLs 101.4 kgC/bbl 371.4 kgCO2/bbl
Natural gas 14.6 kgC/kcf 53.4 kgCOz/kcf
Lignite 328.4 kgC/tonne 1,203.5 kgCO2/t
Subbituminous 495.2 kgC/t 1,814.4 kgCO2/t
Bituminous 665.6 kgC/t 2,439.0 kgCO2/t
Anthracite 715.6 kgC/t 2,621.9 kgC02/t
“Metallurgical coal” 727.6 kgC/t 2,665.9 kgC02/t
“Thermal coal” 581.1 kgC/t 2,129.3 kgC02/t

Crude oil: prior to non-energy deduction & adjustment for NGLs: 115.7 kgC/bbl, 423.8 kgCO2/bbl;
Gas: prior to non-energy deduction: 14.86 kgC/kcf ,or 54.44 kgCO2z/kcf; (kcf = thousand cubic feet).
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Figure B-27.IPCC 2006 Guidelines, overview of emission source categories
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Figure 1 Main Categories of Emissions by Sources and Removals by Sinks

Intergovernmental Panel on Climate Change (2006) Draft 2006 IPCC Guidelines for National Greenhouse Gas Inventories:
Overview Chapter, 12 pp.; www.ipcc.ch/meetings/session25/doc4a4b/doc4a.pdf.
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Figure B-28.IPCC 2006 Guidelines, overview decision tree and tiers

The IPCC 2006 Guidelines generally provide advice on estimation methods at three levels of detail, from tier |
(the default method) to tier 3 (the most detailed method). The advice consists of mathematical specification of
the methods, information on emission factors or other parameters to use in generating the estimates, and sources
of activity data to estimate the overall level of net emissions (emission by sources minus removals by sinks).
Properly implemented, all tiers are intended to provide unbiased estimates, and accuracy and precision should, in
general, improve from tier 1 to tier 3. The provision of different tiers enables inventory compilers to use methods
consistent with their resources and to focus their efforts on those categories of emissions and removals that
contribute most significantly to national emission totals and trends.

The IPCC 2006 Guidelines apply the tiered approach by means of decision trees (see the example in Figure 2). A
decision tree guides selection of the tier to use for estimating the category under consideration, given national
circumstances. National circumstances include the availability of required data, and contribution made by the
category to total national emissions and to the trend in emissions over time. The most important categories, in
terms of total national emissions, and the trend are called key categories””. Decision trees generally require tier 2
or tier 3 methods for key categories. The IPCC 2006 Guidelines provide for exceptions to this, where evidence
demonstrates that the expense of data collection would significantly jeopardize the resources available for
estimating other key categories.

BOX 1: Tier 3

Use vehicle activity based
> mode! and country specific
" factors e.g. COPERT
MOVES MOBILE

VKT by fuel &

technology type
available?

Country-specific
techrology based
emission factors

Yes:
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Y

Use default factors and

an you allocate fuel

data to vehicle YES > disaggregate by
technology types 7 technology
BOX 2: Tier 2

NO

Collect data to
Yes—P allccate fuel to
technology types

Is this a key category?

NO
4

Use fuel-based emission
factors
VKT = Vehicle Kilometres Travelled

BOX 3: Tier 1

Figure 2 Example Decision Tree (for CH; and N,O from Road Transport)
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Annex C

List of entity worksheets

OI1L & NGL & NATURAL GAS PRODUCERS ANNO # OF PAGES
Abu Dhabi NOC, UAE 1962-2010 6
Anadarko, USA 1945-2010 4
Apache, USA 1985-2010 2
Bahrain Petroleum 1975-2010 4
BG Group, UK 1963-2010 2
BHP Billiton, Australia 1970-2010 4
BP, UK 1913-2010 10
Canadian Natural Resources 1988-2010 2
ChevronTexaco, USA 1912-2010 10
China National Offshore 0il Co. 1988-2010 2
ConocoPhillips, USA 1924-2010 10
Devon Energy, USA 1988-2010 4
Ecopetrol, Colombia 1987-2010 4
Egyptian General Petroleum 1959-2010 4
EnCana, Canada 1987-2010 2
ENJ, Italy, 1950-2010 1950-2010 4
ExxonMobil, USA 1882-2010 14
Former Soviet Union (oil, gas, coal) 1949-1991 4
Gazprom, Russian Federation 1989-2010 6
Hess, USA 1958-2010 4
Husky Energy, Canada 1988-2010 2
Iraq National Oil Company 1960-2010 4
Kerr-McGee (see Anadarko) 1945-2005 2
Kuwait Petroleum Corp. 1946-2010 6
Libya National Oil Corp. 1961-2010 4
Lukoil, Russian Federation 1996-2010 4
Marathon, USA 1938-2010 4
Murphy 0il, USA 1983-2010 4
National Iranian Oil Company 1928-2010 4
Nexen, Canada 1959-2010 4
Nigerian National Petroleum 1987-2010 6
NorskHydro (see Statoil) 1987-2006 2
Occidental, USA 1958-2010 4
0il & Natural Gas Corporation, India 1959-2010 6
OMYV Group, Austria 1997-2010 2
Pemex, Mexico 1938-2010 4
Pertamina, Indonesia 1959-2010 6
Petrobras, Brazil 1954-2010 4
PetroChina, China 1988-2010 8
Petroleos de Venezuela 1960-2010 6
Petroleum Development Oman 1967-2010 6
Petronas Malaysia 1959-2010 6
Polish Oil & Gas, Poland 1998-2010 2
Qatar Petroleum 1959-2010 4
Repsol, Spain 1964-2010 4
Rosneft, Russian Federation 1998-2010 4
Royal Dutch/Shell Group, Netherlands 1892-2010 10
Saudi Aramco, Saudi Arabia 1938-2010 8
Sibneft, Russian Fed. (see Gazprom) 1998-2004 0
Sinopec, China 1999-2010 4
Sonangol, Angola 1959-2010 4
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Sonatrach, Algeria

Statoil, Norway

Suncor, Canada

Syrian Petroleum

Talisman, Canada

Total, France

Unocal, USA (see Chevron)

XTO, USA (see ExxonMobil)
Yukos, Russian Fed. (see Rosneft)

CoAL PRODUCERS
Alpha Natural Resources, USA
Anglo American, UK
Arch Coal, USA
BHP Billiton, Australia
BP, UK (see BP oil & gas)
British Coal Corporation, UK
China (coal and cement)

China Coal Energy (included in China)

Coal India

Consol Energy, Inc., USA
Cyprus Minerals, USA
Czech Republic (coal)

Czechoslovakia (coal; see Czech Republic)

ExxonMobil, USA

Former Soviet Union (oil, gas, coal)
Kazakhstan (coal)

Kiewit Mining, USA

Luminant, USA

Massey Energy, USA

Murray Energy, USA

North American Coal, USA

North Korea (coal)

Occidental, USA (Island Creek Coal)
Peabody Energy, USA

Pittsburgh & Midway (to Chevron), USA

Poland (coal)
RAG, Germany
Rio Tinto, UK

Royal Dutch Shell (see Anglo American)

Russian Federation (coal)
RWE, Germany

Sasol, South Africa
Singareni Collieries, India
UK Coal, UK

Ukraine (coal)
Westmoreland Mining, USA
Xstrata, Switzerland

CEMENT PRODUCERS
Cemex, Mexico
China (cement)
HeidelbergCement, Germany
Holcim, Switzerland
[talcimenti, Italy
Lafarge, France
Taiheiyo, Japan
Industry data
World cement 2009, US 1900-2009

Richard Heede

heede@climatemitigation.com

1964-2010
1984-2010
1987-2010
1968-2010
1992-2010
1934-2010
1926-2004
1994-2009
1990-2005

ANNO
1999-2010
1909-2010
1973-2010
1955-2010
1960-2003
1947-1994
1945-2010
2005-2010
1973-2010
1864-2010
1969-1998
1993-2010
1938-1992
1970-2002
1900-1991
1992-2010
1944-2010
1977-2010
1981-2010
1988-2010
1950-2010
1980-2010
1945-1992
1945-2010
1965-2010
1913-2010
1989-2003
1961-2010
1979-1999
1992-2010
1965-2010
1953-2010
1947-2010
1995-2010
1992-2010
1854-2010
1998-2010

ANNO
1990-2010
1928-2010
1990-2010
1990-2010
1990-2010
1990-2010
1975-2010

na
1900-2009

100

# OF PAGES
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Annex D

List of summary & supporting worksheets

O1L & NGL # OF PAGES
Summary of oil & NGL production 1884-2010 8
Summary of oil & NGL emissions 1884-2010, & global oil emissions 1870-2010 8
Non-energy uses of oil & NGL 10
Emission factor for oil & NGL, MtCO> per million bbl 8

NATURAL GAS
Summary of natural gas production 1900-2010 8
Summary of natural gas emissions 1900-2010, & global gas emissions 1885-2010 8
Non-energy uses of natural gas 4
Emission factor for natural gas, MtCO; per Bcf 6

CoAL
Summary of coal production 1854-2010 8
Summary of coal emissions 1854-2010, & global coal emissions 1751-2010 10
Non-Energy uses of coal 6
Emission coefficients by coal rank, MtCO; per million tonnes by coal rank 8

CEMENT
Summary of gross emissions from cement production 1928-2010 6
Summary of process emissions from cement production 1928-2010 6
Cement industry data 6
World & US cement production 1900-2010 (USGS data) 2

SUMMARIES & TOTALS
Summary of CO2 emissions by fuel, cement, & flaring 1854-2010, and global 1751-2010 12
Summary of cumulative emissions by fuel, cement, venting, flaring, & methane, alpha 6
Summary of cumulative emissions by fuel, cement, venting, flaring, & methane, ranked 8
Annual and cumulative aggregate entities, by fuels and cement, by gas, 1854-2010 6
Annual and cumulative each & every entity, by gas, 1854-2010 26

ANCILLARY EMISSIONS: VENTED CO2, FLARING, OWN FUEL USE, & FUGITIVE METHANE
General background on methane, global data (EDGAR, CDIAC, EPA) 10
Carbon dioxide emissions from venting and flaring: oil and gas operations 16
Methane emissions from oil & natural gas operations 18
Methane emissions from coal mining 12
Own Fuel Use: analysis of entity submissions to Carbon Disclosure Project 32
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Page totals for PDF worksheets

ENTITY WORKSHEETS # OF PAGES
OIL & NGL & NATURAL GAS PRODUCERS 272
COAL PRODUCERS 112
CEMENT PRODUCERS 32
TOTAL ENTITY WORKSHEETS 416
SUMMARY WORKSHEETS # OF PAGES
OIL & NGL 34
NATURAL GAS 26
COAL 32
CEMENT 20
SUMMARIES & TOTALS 58
ANCILLARY EMISSIONS: VENTED CO3, FLARING, OWN FUEL USE, & FUGITIVE METHANE 88
TOTAL SUMMARY WORKSHEETS 258
TOTAL ENTITY & SUMMARY WORKSHEETS 674
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Annex E

Other materials

CHEVRONTEXACO FAMILY TREE (SEE TEXT, FIGURE 5 AND FIGURE B-1).
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CHEVRONTEXACO FAMILY TREE (SEE TEXT, FIGURE 6 AND FIGURE B-2).

Carbon Majors worksheet on Chevron and its mergers & acquisitions. See Annex
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@ CarbonMajors

Executive Summary

W The Carbon Majors database traces 1,421 GtCOze Figure 1: Carbon Majors & Global CO, Emissions (1854-2022)
of cumulative historical emissions from 1854

through 2022 to 122 industrial producers, the 40K PARIS AGREEMENT
CO, portion of which is equivalent to 72% of
global fossil fuel and cement CO, emissions since '
1751. Over 70% of these global CO, emissions

historically can be attributed to just 78 corporate 30K

and state producing entities.

B Carbon Majors is a database of historic production

data from 122 of the world’s largest oil, gas, 20K

coal, and cement producers. This data is used to

EMISSIONS (MtC02)

quantify the direct production-linked operational
emissions and emissions from the combustion 10K
of marketed products that can be attributed

to these entities. Carbon Majors was originally
released in 2013 by Richard Heede of the Climate
Accountability Institute (CAl)". InfluenceMap has

0 T T I T

. 1860 1880 1900 1920 1940 1960 1980 2000 2020
since updated and released the database on a new

website: carbonmajors.org. BN COAL N Ol [N GAS [ CEMENT == GLOBAL FOSSIL FUEL AND CEMENT EMISSIONS © INFLUENGENAP

1 Heede, R. Tracing anthropogenic carbon dioxide and methane
emissions to fossil fuel and cement producers, 1854—2010. Climatic
Change 122, 229-241(2014).
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B The Carbon Majors dataset has played a pivotal
role in holding fossil fuel producers to account
for their climate-related impacts in academic,
regulatory, and legal contexts. Examples include
quantifying the contribution these entities have
made to global surface temperature, sea level, and
atmospheric CO, rise?; and establishing corporate
accountability for climate change-related human
rights violations?.

B The database categorizes entities into three
types: investor-owned companies, state-owned
companies, and nation-states. Historically,
investor-owned companies account for 31% of all
emissions tracked by the database (440 GtCO,e),
with Chevron, ExxonMobil, and BP the three
largest contributors respectively. State-owned
companies are linked to 33% of the database
total (465 GtCO,e), with Saudi Aramco, Gazprom,
and the National Iranian Oil Company being the
largest contributors. Nation-states account for
the remaining 36% (516 GtCO,e), with China’s
coal production and the Former Soviet Union the
largest contributors.

2 Ekwurzel, B, Boneham, |, Dalton, M.W. et al. The rise in global
atmospheric CO2, surface temperature, and sea level from emissions
traced to major carbon producers. Climatic Change 144, 579—590
(2017).

3 Commission on Human Rights of the Philippines (2022). National
Inquiry on Climate Change Report.
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Figure 2: Emissions by Entity Type (1940-2022)

15K

12K

9K

6K

3K

0 | | | |

PARIS AGREEMENT

1940 1950 1960 1970 1980

== |NVESTOR-OWNED COMPANY == NATION STATE == STATE-OWNED ENTITY

In the seven years after the Paris Agreement
was adopted at the end of 2015, 251 GtCO,e of
emissions are linked to the 117 extant entities in
the database, the CO, portion of which is over
88% of total fossil fuel and cement emissions in
this time. 80% of these global emissions from

| | | ’ |
1990 2000 2010 2020

© INFLUENCEMAP

2016 through 2022 can be traced to just 57
corporate and state producing entities. During this
period, nation-state producers account for 38%
of emissions in the database, while state-owned
entities account for 37% and investor-owned
companies for 25%.
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B The Carbon Majors database finds that most state-
and investor-owned companies have expanded their
production operations since the Paris Agreement.
58 out of the 100 companies were linked to higher
emissions in the seven years after the Paris Agreement
than in the same period before. This increase is most
pronounced in Asia, where 13 out of 15 (87%) assessed
companies are connected to higher emissions in
2016—2022 than in 2009-2015, and in the Middle East,
where this number is 7 out of 10 companies (70%). In
Europe, 13 of 23 companies (57%), in South America,
3 of 5 (60%) companies, and in Australia, 3 out of 4
(75%) companies were linked to increased emissions, as
were 3 of 6 (50%) African companies. North America is
the only region where a minority of companies, 16 of 37
(43%), were linked to rising emissions.

B Analysis of the Carbon Majors data shows that there
was a shift in coal supply in the seven-year period
after the Paris Agreement between investor-owned
companies and state-controlled entities. According to
the IEA, global coal consumption increased by almost
8% from 2015 to 2022, reaching an all-time high of
8.3 billion tonnes in 20224. This research finds that
from 2015 to 2022, CO,e emissions linked to investor-
owned coal production decreased by 28%, while CO,e
emissions linked to state-owned companies’ and
nation-states’' coal production increased by 29% and
19%, respectively.

4 |EA (2023). Coal Market Update — July 2023.

THE CARBON MAJORS DATABASE: LAUNCH REPORT | APRIL 2024

EMISSIONS (MtC02)

Figure 3: Coal Emissions by Entity Type (2009-2022)
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Introduction
Background

In its 2023 AR6 Synthesis Report, the International Panel on Climate Change (IPCC)
makes clear the need for a swift phaseout of coal, oil, and gas to stand a chance of
keeping global warming below 1.5°C. Meanwhile, the International Energy Agency's
(IEA) Net Zero by 2050 report quantifies significant, immediate declines in the use of
coal, oil, and gas to give the world an even chance of limiting the global temperature
rise to 1.5°C. Despite the landmark Paris Agreement treaty in 2015, the fossil fuel
industry continues to expand, while global CO, emissions from fossil fuels reached
a record high of 37.1 GtCO, in 2022, almost 5% higher than in 2015°. Current
projections estimate that 16% of CO, emissions since the start of the Industrial
Revolution in 1751 were released in the eight years after the Paris Agreement was
adopted at the end of 20156,

Based on current climate policies worldwide, the IEA predicts a path to 2.4°C in its
Energy Outlook 2023. The UN revised this figure to 2.8°C, based on the same data, in
its Production Gap Report 2023, which tracks the discrepancy between planned fossil-
fuel production and what would be consistent with a 1.5°C or 2°C outcome. This year’s
key observation is that fossil fuel producers are intensifying their production efforts.
By 2030, these producers are projected to produce 110% more fossil fuels than they
should in a 1.5°C pathway and 69% more than in a 2°C pathway. If carbon dioxide
emissions stay at 2022 levels, the carbon budget is projected to be depleted before
20307, even without accounting for emissions from these planned expansions.

5 Friedlingstein, P, O'Sullivan, M., Jones, M. W. et al. Global Carbon Budget 2023. Earth System Science Data, 15,

5301-5369 (2023).

6 Ibid.

7 Lamboll, R.D., Nicholls, Z.R.J., Smith, CJ. et al. Assessing the size and uncertainty of remaining carbon budgets.
Nature Climate Change 13, 1360—1367 (2023).
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Carbon Majors

The Carbon Majors Database was originally released in 20138 by Richard Heede

of the Climate Accountability Institute (CAl) to show how emissions from the
production of fossil fuels and cement can be traced to the companies that produced
them. InfluenceMap, in collaboration with the Climate Accountability Institute, has
updated and released the Carbon Majors database on a new website,
carbonmajors.org, where the database will be updated regularly and remain accessible
to users.

The primary focus of the original Carbon Majors project was the accountability

of hydrocarbon producers, specifically corporations that consistently generate
substantial profits from the extraction and manufacturing of products recognized as
the foremost contributors to climate change. Historically, emissions databases at this
scale were exclusively established at the national level. Carbon Majors is the first and
still the only database to aggregate emissions data on a global scale at the company
level. As a result, Carbon Majors added a crucial link in the causal chain, connecting
the actions of identifiable defendants to the climate change-related harms suffered
by identifiable plaintiffs. The database attributes responsibility to a small group of
companies and entities that have made a measurable, demonstrable, and historically
important contribution to global warming.

8 Heede, R. Tracing anthropogenic carbon dioxide and methane emissions to fossil fuel and cement producers,
1854-2010. Climatic Change 122, 229241 (2014).
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Since Carbon Majors’ original release in 2013, the database has been used widely and
frequently in climate litigation all over the world. Examples include:

B The Commission on Human Rights of the Philippines (CHRP) conducted an
inquiry on corporate accountability for human rights violations including the loss
of life, livelihood and property in the Philippines associated with the impacts of
climate change. The Carbon Majors database played a pivotal role as the crucial
piece of evidence in this inquiry. CHRP’s 2022 ruling stated that the Carbon
Majors entities were aware of the impacts of their products on the environment,
engaged in ‘willful obfuscation and obstruction’ to prevent meaningful climate
action, and are responsible to undertake human rights due diligence and provide
remediation. It further recornmends that the Carbon Majors entities desist from
all activities that undermine climate science; cease exploration of new oil fields,
keeping fossil fuels underground and leading a just transition to clean energy;
and contribute to finance the implementation of mitigation and adaptation
measures; among others.

B Residents of the Indonesian island Pari submitted a complaint in a Swiss court
against Holcim, the Swiss cement corporation. The complainants demanded
compensation for climate damages they have suffered, a financial contribution
to flood-protection measures, and the rapid reduction of Holcim's emissions.

B The database has been cited in multiple climate lawsuits across the United
States, including in Baltimore, Oregon, and San Francisco and Oakland.

The number of new climate litigation cases continues to grow, and the Carbon Majors
database will likely continue to play a significant role in this area.

THE CARBON MAJORS DATABASE: LAUNCH REPORT | APRIL 2024

As historical cumulative emissions are the primary driver of climate change,
historical source attribution is also critical for a wide range of stakeholders outside
of environmental law. The database serves as a key piece of research across various
academic and research fields. Examples include:

B Schleussner et al. (2023) determine dollar estimates for climate damages from the
25 biggest oil and gas companies from 1985 to 2018.

B Grasso and Heede (2023) quantify proposed reparations for climate damage by
oil, gas, and coal producers.

B Ekwurzel et al. (2017) found that emissions traced to 90 Carbon Majors entities
contributed ~57% of the observed rise in atmospheric CO,, ~42-50% of the rise
in global mean surface temperature, and ~26—32% of global sea level rise from
1880 to 2010.

B Dahletal (2023) found that 19.8 million acres or 37% of the total area burned by
forest fires across western North America since 1986 can be attributed to 88 of
the largest fossil fuel and cement producers.

B Lickeretal. (2019) found that emissions traced to the 88 largest industrial carbon
producers from 1880 to 2015 contributed ~55% of the historical decline in
surface ocean pH values.

B The Arctic Risk Platform uses the database to investigate and highlight the global
risk of Arctic change.

Outside of academia, the Carbon Majors database has also been cited as a source

by the European Banking Authority in its Pillar 3 disclosure requirements on ESG risks,
requiring financial institutions to disclose their exposure to the top 20 most polluting
companies in the world.
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Methodology

The Carbon Majors database aims to trace greenhouse gas emissions from fossil
fuels and cement produced by companies, historically from as early as 1854 to the
present. This section gives an overview of the methodology that Carbon Majors

uses to achieve this. For a more detailed description of this methodology, including
discussion around the accounting protocol, calculation of emissions factors, historical
attribution, uncertainties, etc., please refer to Rick Heede's 2014 paper, Carbon Majors:
Methods & Results Report®.

Entity Selection

Greenhouse gas emissions data has historically primarily been collected at the
country level. The Carbon Majors database was created to instead link these
emissions to fossil fuel production companies, or “carbon majors”. Carbon Majors
originally selected extant companies from a variety of sources that met an 8 MtCO,
per year emissions threshold. Some entities in the database do not meet this
threshold, for example, companies that met the threshold when the Carbon Majors
project was started but have since shrunk, or smaller companies acquired by larger
ones. However, this guideline still applies to ensure a manageable number of entities.
The number of entities assessed may vary over time due to mergers and acquisitions,
as well as additions to the database.

The assessed entities are divided into three entity types: investor-owned companies,
state-owned companies, and nation-state producers. Investor-owned companies
include both publicly listed and privately held producers. Nation-state producers

9 The data storage and processing methods as well as the output formats have changed. The new data
structure is accessible and is explained on the website.
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are used primarily in the coal sector and are included only when investor-owned

or state-owned companies haven't been established or played a minor role in the
relevant country. Examples include North Korea and former Soviet states (the former
Soviet Union and separately the Russian Federation, Kazakhstan, Ukraine, etc.). While
current production is available for some Chinese coal entities, historic production
data is unavailable and it has not been possible to verify the ownership structure

of these entities, many of which are reportedly operated or directed by provincial
government. Hence, Chinas coal production has been aggregated and reported as a
nation-state. State-owned companies are often partially owned by institutional or
individual shareholders. These are considered state owned if more than fifty percent
of shares are controlled by the state.

The database also tracks mergers and acquisitions. In such cases, the acquired
companies emissions are attributed to the surviving company. Divestitures are
inherently accounted for, as the production from divested assets will not be
included in subsequent company disclosures (see Production Data below for further
explanation). Assets that have been nationalized or expropriated are also monitored
to the extent that equity-owned production is reported accurately by the relevant
entities. Breakups of companies are also accounted for. For example, the multiple
smaller companies into which the Standard Oil Trust was broken up have evolved
to become some of the most recognizable companies in the database today. Some
are direct descendants of Standard Oil, like ExxonMobil, with both Exxon and Mobil
as descendants separately, and Chevron. Others have resulted from mergers with
descendants of Standard Oil, such as BP and ConocoPhillips.

PAGE 8



https://climateaccountability.org/wp-content/uploads/2020/12/MRR-9.1-Apr14R.pdf

https://climateaccountability.org/wp-content/uploads/2020/12/MRR-9.1-Apr14R.pdf

https://carbonmajors.org



@ CarbonMajors

Production Data

Carbon Majors obtains production data for each entity for each year. Due to the
importance of transparency in the Carbon Majors approach, self-reported production
data by the producing entity is always preferred to and used instead of any other
sources. This includes annual reports, company histories, SEC filings, operation
reviews, online datasets on production, etc. However, in some cases, reputable
third-party sources are used when self-reported data is unavailable, particularly for
national companies that irregularly, inaccurately, or do not publish production data.
Alternative, third-party sources include the U.S. Energy Information Administration
(EIA), the Keystone Coal Industry Manual, the Oil & Gas Journal (especially the annual
OGJ100/150 issues), and others.

For historical data, complete production records are sought and used where
applicable. However, for some entities, production data is unavailable from the
establishment of the entity, resulting in minor cases of underreporting, as early
production is often overshadowed by later company expansions. In such cases, the
entity’s missing early production data are left empty. This is especially true before the
U.S. Securities Act of 1933, which required companies to provide full and accurate
financial and operational information. Other data gaps sometimes occur, often due
to missing annual reports. In the absence of alternative available data, such gaps are
filled through interpolation of surrounding data.

Net production data is preferred to gross, as gross production often includes output
from joint ventures, production-sharing partnerships, or a state resource owner.
While reporting gross production was common in the 1960s and early 1970s, it tends
to overestimate emissions. In such cases, net production is estimated by applying

a net-to-gross ratio. State-owned oil and gas companies typically report total
production rather than their equity share. This practice can lead to a potential issue of
double counting, where production is recorded both as overseas equity production by
multinational oil and gas companies and as production by state-owned entities. To
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address this, collating data from third-party sources is utilized to adjust self-attributed
production. This involves reducing total national production by a percentage
corresponding to the portion of production owned by the state.

Due to variations in how companies report production, the reported production

data is standardized to a common commodity type, each with a standard unit: Oil &
Natural Gas Liquids (million barrels), Natural Gas (billion cubic feet), and Coal (million
tonnes).

To improve data accuracy, coal production is further categorized by rank, such

as bituminous or anthracite, or by utilization, such as thermal or metallurgical.
Preferably, coal rank data reported by the producing entity is used. However, coal
rank is frequently reported in generic terms, but often with data on heat content.
Using this information, along with the geographical locations of coal mines, enables
coal rank categorization when entities fail to do so themselves. If this information is
only available for specific years, this coal rank split may be applied to production data
outside these years as an estimation.
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Emissions Calculations

Fossil Fuel Emissions

Emission factors for each fuel type are used to estimate the carbon content released
when these fossil fuels are combusted. These emissions factors were mostly derived
from Tier 1 defaults from the Intergovernmental Panel on Climate Change's (IPCC)
Guidelines for National Greenhouse Gas Inventories. Other sources, including the
International Energy Agency (IEA), United Nations, EIA, US Environmental Protection
Agency (EPA), and Carbon Dioxide Information Analysis Center (CDIAC), were also
consulted.

These emissions factors are then modified by deducting net non-energy uses of each
fuel. This is due to some proportion of the fuel produced being refined into products
that effectively store carbon, such as various petrochemicals. Non-energy uses

vary by a wide variety of factors, however, like other global emissions databases, a
common factor must be applied for non-energy uses associated with each fuel type.
While this factor is likely reasonably accurate on a global scale, it may not always
precisely represent each specific entity’'s non-energy uses.

Applying this factor to the standardized production results in the emissions from the
combustion of marketed products, comprising nearly 90% of total emissions tracked
by the database. These are Scope 3 Category 11 emissions, corresponding to “use

of sold products’, however this has been modified to quantify emissions from each
fossil fuel company’s net production of oil, gas, or coal as opposed to sold products.
This was done to avoid double counting, and deliberately excludes emissions from
crude oil purchased from other producers, natural gas purchased for resale, or coal
sold on behalf of other producers.
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Table 1: Emission factors for the combustion of oil & natural gas liquids,
natural gas, and coal

Fuel type Garbon factor GO, factor

0il & Natural Gas Liquids 101.4 kgC/hbl 371.4 kgCO,/bbl

Natural Gas 14.6 kgC/kcf 53.4 kgCO,/kcf

Lignite Coal 328.4 kgC/tonne 1,203.2 kgCO,/tonne
Sub-Bituminous Coal 495.1 kgC/tonne 1,814.1 kgC0,/tonne
Bituminous Coal 665.5 kgC/tonne 2,438.6 kgC0,/tonne
Anthracite Coal 115.4 kgC/tonne 2,621.5 kgC0,/tonne
Metallurgical Coal 121.4 kgC/tonne 2,665.4 kgCO,/tonne
Thermal Coal 581.0 kgC/tonne 2,128.9 kgCO,/tonne

Four further direct operational Scope 1 emission types are then estimated:

B Flaring of CO, at oil and gas facilities, including various upstream and midstream
facilities, relevant to oil and gas production.

B Venting of CO, from natural gas processing plants, also relevant to oil and gas
production.

B Fugitive methane emissions from coal mines, oil extraction and storage, and gas
production, processing, and transportation systems, applicable to oil, gas, and
coal production.

B CO, emissions resulting from entity’s use of their own fuel, limited to gas
production, primarily the difference between total gas produced and “gas
available for sale”.

10 Emissions factors include deduction for non-energy uses.
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@ CarbonMajors

Table 2: Emission factors for the vented, flared, and fugitive carbon dioxide and methane, and use of own fue

Combustion (kgCO0,/tC0,)

Fuel type Flaring (kgC0,/tCO,)

0il & Natural Gas Liquids 1,000 15.94
Natural Gas 1,000 174
Coal 1,000

11 This analysis uses the IPCC AR5 100-year global warming potential of 28 x CO, for methane.

Cement Emissions

Estimation of CO, emissions for cement production differs from that for fossil

fuel production. Cement-related emissions are estimated as a proportion of gross
emissions reported by the major cement companies to the Cement Sustainability
Initiative. This proportion of gross emissions estimates the process emissions from
the calcining of limestone into clinker or portland cement and excludes the emissions
from fuel and electricity inputs, thus avoiding the double counting of fuels from fossil
fuels producers already accounted for in Carbon Majors. From all these calculations,
the database tracks the total emissions value in CO, equivalent units generated by
each entity each year.
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Global Fossil Fuel & Cement Emissions

This research compares the emissions tracked by the Carbon Majors database to total
fossil fuel and cement emissions since the beginning of the Industrial Revolution in
1751. Data from the Carbon Dioxide Information Analysis Center (CDIAC), and more
recently the Global Carbon Project, provides this total, amounting to 1,773 GtCO,

from 1751to 2022. The CO, emissions figures obtained from the above calculations
(excluding fugitive methane CO, equivalent emissions) are compared to this total

to calculate entities' relative contributions to total global fossil fuel and cement
emissions.
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@ CarbonMajors
Findings

This section presents analysis of the Carbon Majors Figure 4: Carbon Majors & Global CO, Emissions (1854-2022)
database, starting with a historical overview of the

data. Entity emissions are then analyzed by the three 40K PARIS AGREEMENT
entity types: investor-owned companies, state-owned
companies, and nation-state producers. This section ;
also sets out analysis of global emissions after the Paris
Agreement. The final sections focus on emissions by
fuel type and by entity region, respectively.

30K

Figure 4 shows the annual CO, emissions traced to

the carbon fuels and cement produced by the Carbon 20K

Majors entities from the beginning of the data records
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fuel and cement emissions of CO,. 10K
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@ CarbonMajors

Database Emissions Table 3: Top 20 Carbon Majors entities by emissions (1854-2022)"

The Carbon Majors database has quantified and traced Total emissions (MtCO.e) C0, emissions (MtCO,) Percentage of global CO, emissions

cumulative emissions totalling 1,421 GtCO.e to the China (Coal) 276,458 248397 14.0%

122 entities within the database. The data spans from

i i 0,

1854 to 2022, with the CO, proportion of the database Former Soviet Union 135113 120,875 6.8%

covering over 72% of fossil fuel and cement CO, Saudi Aramco 68,832 64,352 3.6%

emissions since the start of the Industrial Revolution S 57.898 52797 3.0%

in 1751. Over 70% of this global total can be traced to ,

) , . ExxonMobil 55,105 49,537 2.8%

just 78 corporate and state producing entities. Table 3

shows the top 20 highest carbon producing entities in Gazprom 50,687 41,031 2.3%

the database. National Iranian Oil Co. 43112 39,282 2.2%
BP 42,530 38,788 2.2%
Shell 40,674 36,528 2.1%
Coal India 29,391 26,408 1.5%
Poland 28,150 25,832 1.5%
Pemex 25,497 23,384 1.3%
Russian Federation 23,412 21,036 1.2%
China (Cement) 23,161 23,161 1.3%
ConocoPhillips 20,222 11,916 1.0%
British Coal Corporation 19,745 17,141 1.0%
CNPC 18.951 17,194 1.0%
Peabody Coal Group 17,135 15,935 0.9%
TotalEnergies 11584 15,935 0.9%
Abu Dhabi National Oil Co (ADNOC) 17,383 15,929 0.9%

12 The total emissions values in the table above include fugitive methane emissions in MtCO;, equivalent units, however only total CO; figures are
factored into the calculation of an entity’s percentage of global fossil fuel and cement emissions.
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Carbon Majors has also traced 251 GtCO,e to the
entities in the database in the seven years after the
Paris Agreement, from 2016 until the end of 2022.
The total Carbon Majors-tracked CO, emissions in

Table 4: Top 20 Carbon Majors entities by emissions (2016-2022)"*

Total emissions (MtGO,e) G0, emissions (MtCO,) Percentage of global GO, emissions

i 0,
this period are equivalent to 88% of global fossil fuel China (Coal) 12333 65,584 258%
and cement CO, emissions. According to the Global Saudi Aramco 13,256 12313 4.8%
Carbon Budget, these seven years contain 12.2% of Gazprom 10,127 8,297 33%
global fo-ssil CcO, emissio.ns since 1'751. in 2.6% of the Coal India 8509 1645 3.0%
time, while 6 of the 10 highest emission years on
record have occurred after the Paris Agreement’3, Of all National Iranian Cil Co. 8176 1123 28%
fossil fuel and cement CO, emissions in this time, 80% China (Cement) 8,155 8,155 3.2%
can be traced to just 57 corporate and state producing RETI 1174 6.445 959%
entities. Table 4 shows the top 20 carbon producing .
entities in the seven years after the Paris Agreement RIE S o182 L
was adopted at the end of 2015. CNPC 4,966 4,359 1.7%
Abu Dhabi National Oil Company 4,146 4,316 1.7%
ExxonMobil 4,086 3,619 1.4%
Iraq National Qil Company 3,695 3,488 1.4%
Shell 3,621 3,162 1.2%
BP 3513 3 1.2%
Sonatrach 3,408 2,901 11%
Chevron 3,326 2,946 1.2%
Kuwait Petroleum Corp. 3,046 2,852 11%
TotalEnergies 2,811 2,535 1.0%
Petrobras 2,839 2,608 1.0%
Pemex 2,648 2,432 1.0%

13 Friedlingstein, P, O'Sullivan, M., Jones, M. W. et al. Global Carbon
Budget 2023. Earth System Science Data, 15, 5301-5369 (2023).

14 The total emissions values in the table above include fugitive methane emissions in MtCO;, equivalent units, however only total CO; figures are
factored into the calculation of an entity’s percentage of global fossil fuel and cement emissions.

THE CARBON MAJORS DATABASE: LAUNCH REPORT | APRIL 2024 PAGE 14



https://essd.copernicus.org/articles/15/5301/2023/

https://essd.copernicus.org/articles/15/5301/2023/



@ CarbonMajors

Emissions by Entity Type

Emissions from the assessed entities are traced

to three entity types: investor-owned companies,
state-owned companies, and nation-state producers.
Nation-state producers are used primarily in the coal
sector and are included only when investor-owned or
state-owned companies haven't been established or
play a minor role in the country. Figure 5 shows how
the emissions from each entity type have evolved
from 1940 to 2022.

Investor-owned Companies

Investor-owned companies have played a substantial
role in contributing to historical fossil fuel and cement
emissions. This analysis has traced 440 GtCO,e to the
75 investor-owned companies in the database. The top
5 investor-owned companies, Chevron, ExxonMobil,
BP, Shell, and ConocoPhillips are cumulatively linked to
11.1% of all fossil fuel and cement CO, emissions since
1751. Just 75 investor-owned companies are linked to
22.3% of these global emissions.
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EMISSIONS (MtC02)

Figure 5: Emissions by Entity Type (1940-2022)
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@ CarbonMajors

Table 5: Top 10 investor-owned companies by emissions (1854-2022)"

Percentage of global

Investor-owned Total emissions €0, emissions

company (MtCO4) (MtCO,) GO, emissions
Chevron 57,898 52,191 3.0%
ExxonMobil 55,105 49,531 2.8%
BP 42,530 38,188 2.2%
Shell 40,674 36,528 2.1%
ConocoPhillips 20,222 17,916 1.0%
Peabody Coal Group 11,735 15,935 0.9%
TotalEnergies 11,584 15,935 0.9%
Occidental Petroleum 12,907 11,591 0.7%
BHP 11,042 9,903 0.6%
CONSOL Energy 10,490 9,413 0.5%

In the seven years after the Paris Agreement, 62 GtCO,e of emissions were traced to
investor-owned companies, the CO, proportion of which is equal to 21.6% of total
fossil fuel and cement CO, emissions. While not playing as large a role after the Paris
Agreement as historically, these companies are still linked to significant emissions,
with each of the top 5 companies by emissions linked to at least 1% of these global
CO, emissions in this time frame.

15 Note: The total emissions values in the table above include fugitive methane emissions in MtCO; equivalent
units, however only total CO, figures are factored into the calculation of an entity’s percentage of global fossil
fuel and cement emissions.
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Table 6: Top 10 investor-owned companies by emissions (2016-2022)"

Percentage of global

Investor-owned Total emissions C0, emissions

company (MtCO4) (MtCO,) GO, emissions
ExxonMobil 4,086 3,619 1.4%
Shell 3,621 3,162 1.2%
BP 3513 3m 1.2%
Chevron 3,326 2,946 1.2%
TotalEnergies 2811 2,535 1.0%
Peabody Coal Group 2,394 2,151 0.8%
Glencore 2,313 2,019 0.8%
Lukoil 2,310 21 0.8%
Eni 1,752 1,528 0.6%
BHP 1,709 1,545 0.6%

Most investor-owned companies also expanded production in the seven-year period
after the Paris Agreement compared to the seven years before its adoption, despite
the IPCC making clear the necessity of a rapid shift away from fossil fuels. Of the

66 companies active from 2009 through 2022, 36 (55%) are linked to increased
emissions. Despite most of these companies increasing emissions, total investor-
owned company emissions decreased from 2016 through 2022. This was driven by a
few coal producers significantly reducing emissions.

16 Note: The total emissions values in the table above include fugitive methane emissions in MtCO; equivalent
units, however only total CO figures are factored into the calculation of an entity’s percentage of global fossil
fuel and cement emissions.
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State-owned Companies

Carbon Majors has traced 465 GtCO,e of historical emissions to 36 state-owned
companies, including Saudi Aramco, Gazprom, Coal India, National Iranian Oil, and
others. The CO, proportion of this total is equivalent to 23.6% of global fossil fuel and
cement emissions. The contribution of the world’s largest state-owned companies

to total historical emissions is substantial, with 15.5% of global fossil fuel and cement
emissions attributable to just the top 10 state-owned producers in the database.

Table 7: Top 10 state-owned entities by emissions (1854-2022)"

Percentage of global

Total emissions CO, emissions

State-owned entity

(MtCO4) (MtCO,) CO, emissions
Saudi Aramco 68,832 64,352 3.6%
Gazprom 50,687 41,031 2.3%
National Iranian Qil Co. 4312 39,282 2.2%
Coal India 29,391 26,408 1.5%
Pemex 25,491 23284 1.3%
British Coal Corporation 19,745 17,141 1.0%
CNPC (PetroChina) 18.951 17194 1.0%
f\:[l]JND;g]bi National Gil Co 17383 15,929 0.9%
Petroleos de Venezuela 16,901 15,654 0.9%
Kuwait Petroleum Corp. 15,922 14,945 0.8%

17 The total emissions values in the table above include fugitive methane emissions in MtCO; equivalent units,
however only total CO; figures are factored into the calculation of an entity’s percentage of global fossil fuel
and cement emissions.
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In the seven years after the Paris Agreement, 2016 through 2022, state-owned
entities were linked to 95 GtCO,e, the CO, proportion of which is equivalent to
33.4% of the fossil fuel and cement total in that time. This is a 10% increase from the
86 GtCO,e linked to these entities in the seven years preceding the Paris Agreement,
20089 through 2015. This is evidence of expanded extraction activities, with 65% of
these entities showing increased production.

Table 8: Top 10 state-owned entities by emissions (2016-2022)"

Total emissions C0, emissions

Percentage of global

State-owned entity

(MtCO4) (MtCO,) GO, emissions
Saudi Aramco 13,256 12,313 4.8%
Gazprom 10,127 8,297 3.3%
Coal India 8,509 1,645 3.0%
National Iranian Oil Co. 8,116 1123 2.8%
Rosneft 5134 5262 2.1%
CNPC (Petro China) 4,966 4,359 1.7%
/[A:SNDSS)M National Gil Co 4748 4316 17%
Iraq National Qil Company 3,695 3,488 1.4%
Sonatrach 3,408 2,901 1.1%
Kuwait Petroleum Corp. 3,046 2,852 11%

18 The total emissions values in the table above include fugitive methane emissions in MtCO; equivalent units,
however only total CO; figures are factored into the calculation of an entity’s percentage of global fossil fuel
and cement emissions.
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Nation-state Producers

Carbon Majors has tracked 516 GtCO,e to 11 nation-state producers contained within This change has been almost entirely driven by rising Chinese and Russian coal

the database. The CO, emissions from these entities account for 26.3% of the global production. Emissions traced to Chinese coal production rose by 3 GtCO,e in 2016—
fossil fuel and cement CO, emissions. After the Paris Agreement, from 2016 through 2022 compared to 2009-2015, a 4.4% increase. Emissions from Russian production
2022, state producers were linked to 93 GtCO,e, the CO, proportion of which is equal increased by 1.6 GtCO,e between the two periods, a 31% increase. A 0.6 GtCO,

to 33.3% of the global total in that time. This is a 5% increase from the 89 GtCO,e increase was linked to China’s cement production in this period, an 8% increase.
linked to these same producers in the seven years prior to the Paris Agreement, Emissions traced to all other producers decreased between these two periods.

2009 through 2022.

Table 9: Carbon Majors nation-state entities ranked by emissions (2016-2022)"

Percentage of global CO, emissions

Percentage of global CO, emissions

Nation-state Emissions (2016-2022, MtCO4e) (2016-2022) Emissions (1854-2022, MtC0.¢) (1854-2022)
China (Coal) 72,993 25.8% 216,458 14.0%
China (Cement) 8,155 3.2% 23,161 1.3%
Russian Federation 1174 2.5% 23,412 1.2%
Kazakhstan 1,901 0.7% 1,169 0.4%
Poland 1,686 0.6% 28,150 1.5%
Ukraine 481 0.2% 4,969 0.3%
North Korea 425 0.2% 4104 0.2%
Czech Republic 406 0.1% 2,131 0.1%
Slovakia 13 <0.1% 104 <0.1%
Former Soviet Union - - 135,113 6.8%
Czechoslovakia = = 9,618 0.5%

19 The total emissions values in the table above include fugitive methane emissions in MtCO. equivalent units, however only total CO; figures are factored into the calculation of an entity’s percentage of global fossil fuel and cement
emissions
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Emissions by Fuel Type

The Carbon Majors database tracks emissions from the production of four different commodity types: oil & natural
gas liquids, natural gas, coal, and cement. As can be seen in Figure 6, cement has played a substantially smaller role
than the other fuels. As a result, the analysis in this section is limited to the three carbon fuels.

As can be seen in Figure 7, emissions from investor-owned coal production decreased by 939 MtCO,e or 27.9%
from 2015 to 2022. However, in the same period, emissions from state-owned coal production increased by

343 MtCO,e (29%), while emissions from nation-state coal production increased by 2,208 MtCO,e (19%).
According to the IEA, global coal consumption rose almost 8% from 7.6 billion tonnes in 2015 to an all-time high
of 8.3 billion tonnes in 2022. These findings indicate a shift in coal supply from investor-owned companies to state
entities.

Emissions associated with oil production remained steady from 2015 to 2022, for both investor-owned and state-
owned oil producers. While oil production emissions from state-owned entities experienced a decline in 2020
and 2021, they rebounded in 2022, nearly reaching 2015 levels again. Emissions linked to natural gas production,
however, increased from 2016 through 2022, driven by both state-owned and investor-owned gas producers.
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Figure 6: Emissions by Commodity Type (1940-2022) Figure 7: Coal Emissions by Entity Type (2009-2022)
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@ CarbonMajors

Company Emissions by Region

This section analyzes the emissions of both investor-
owned and state-owned companies by region,
categorizing these entities based on the location of
their headquarters: Africa, Asia, Australia, Europe, the
Middle East, North America, and South America.

Figure 10 illustrates emissions from companies in these
regions spanning from 1940 to the present.

In the seven years after the Paris Agreement, 2016
through 2022, 58% of investor-owned and state-
owned companies have been linked to increased
emissions compared with the same period before the
Paris Agreement, 2009 through 2015. This trend is
most prevalent in Asia, with all 5 Asian investor-owned
companies and 8 out of 10 state-owned entities
linked to increased emissions. This development

has been primarily shaped by rising emissions from
Asian coal production, as can be seen in Figure 11.
Asian companies have seen a 7.4% overall increase in
emissions in the seven years after the Paris Agreement
compared to the same period before the agreement.

Expansion after the Paris Agreement is also prominent
in Middle Eastern companies, with increased emissions
traced to 7 out of the 10 companies in this region, a
12.4% overall increase regionally between the two
periods. In Europe, 13 out of 23 companies, and in
Africa, 3 out of 6 companies were linked to increased
emissions, with an average increase of 4.1% and 7.1%
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@ CarbonMajors

respectively. 3 out of 4 Australian companies were
linked to higher emissions, although BHP's significant
decrease in emissions led to an overall decrease in
emissions of 10.2%. Similarly, while 3 out of 5 entities
in South America increased emissions, Petroleos de
Venezuela's large drop pushes the total change in
emissions regionally to a 14.4% decrease.

North America was the only region where most
companies decreased emissions, with rising emissions
traced to only 16 out of 37 companies, for a total
decrease in emissions of 11.6% in 2016—2022
compared to 2009-2015. This decrease has primarily
been driven by the reduction in production from North
American coal companies, with 9 out of 14 North
American coal companies linked to lower emissions

in 2016—2022 compared to 2009-2015, for a total
decrease in emissions of 35.1%.
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@ CarbonMajors

Policy Engagement

Many of the companies tracked by Carbon Majors are among the most oppositional
companies to climate regulation globally, as shown by InfluenceMap's LobbyMap

database. The LobbyMap database scores and ranks over 500 companies and 250 _ _ _
industry associations on their activities influencing climate change policy using an A+ Table 10: Top 10 investor-owned companies: LobbyMap policy engagement scores

to F scale.
Investor-owned Companies
ExxonMobil _ 53%
As shown in Table 10, half of the 10 highest emissions investor-owned companies in Shel _ 66%
the Carbon Majors database score a D- or below, indicating unsupportive positions B _ 6%
on climate policy. The other half score only slightly higher at C or C-. Every company
in the top 10 has an engagement intensity score above 12%, indicating active Chevron _ 5%
engagement with climate policy. 8 out of 10 have intensity scores above 36%, TotalEnergies _ 95%
indicating highly active or strategic engagement with climate policy. For example, Peabody Coal Group _ 19%
Chevron scores an E+ with an engagement intensity of 51%, and ExxonMobil scores a Slencare _ 36%
D with an engagement intensity of 53%, indicating that both companies are highly
engaged with and hold unsupportive or oppositional positions on climate-related Lukoil _ 13%
policy. Eni _ 42%
o e 5%
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https://lobbymap.org/LobbyMapScores

https://lobbymap.org/company/Chevron-f4b47c4ea77f0f6249ba7f77d4f210ff

https://lobbymap.org/company/Exxon-Mobil

https://lobbymap.org/company/Exxon-Mobil

https://lobbymap.org/company/Royal-Dutch-Shell

https://lobbymap.org/company/BP-94bc79de9cd9bff157e9d554618aaa09

https://lobbymap.org/company/Chevron-f4b47c4ea77f0f6249ba7f77d4f210ff

https://lobbymap.org/company/Total-5a9f086d9a2ce300529ea4eb020d1aa3

https://lobbymap.org/company/Peabody-13f510ad2a3cef2fa396450deec8ea89

https://lobbymap.org/company/Glencore-International

https://lobbymap.org/company/Lukoil-137a7d601da038d6fea9fbc2653de0f1

https://lobbymap.org/company/ENI-f50369f20d3a3fdc4c2ce661963277d0

https://lobbymap.org/company/BHP-Billiton
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State-owned Companies

State-owned companies are even more oppositional to climate regulation globally
according to LobbyMap research. LobbyMap assesses 6 of the top 10 state-owned
Carbon Majors companies by emissions. Of these, none scores higher than a D+,
while only 2 receive scores higher than an E+, where D to F indicates increasingly
obstructive climate policy engagement.

State-owned companies are also not as transparently engaged as investor-owned
companies. The 5 assessed state-owned companies average a 14% engagement
intensity compared to 44% for investor-owned companies.

Saudi Aramco’s E+ score with an engagement intensity of 14% is representative of
these companies, indicating oppositional positions on climate policy with active
engagement.
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Table 11: Top 10 state-owned companies: LobbyMap policy engagement scores

Saudi Aramco _ 14%
Gazprom -

Coal India _ 9%
National Iranian Oil Co. -

Rosneft 13%
CNPC (Petro China) D+ 26%
Abu Dhabi National Qil Co (ADNGC) D- 10%

Iraq National Oil Company
Sonatrach

Kuwait Petroleum Corp.
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https://lobbymap.org/LobbyMapScores

https://lobbymap.org/company/Saudi-Aramco-5d080667c8b668082bdd862768bce38c

https://lobbymap.org/company/Saudi-Aramco-5d080667c8b668082bdd862768bce38c

https://lobbymap.org/company/Coal-India-9617ba0d9ae84c7cee6f0438189292db

https://lobbymap.org/company/Rosneft-bd5a8d50bc92140b60f33015bc96b8d0

https://lobbymap.org/company/PetroChina-Company-Limited-b382e1bcc1183ab36ce2f55e8d540fc7

https://lobbymap.org/company/Abu-Dhabi-National-Oil-Company-ADNOC-8fd1e3dfd21675931788ff2fd9ec037f
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Conclusion

This analysis of the emissions traced to the world’s largest carbon producing entities,
or Carbon Majors, provides insights into the responsibility for historical and post-Paris
Agreement industrial emissions. The historical overview, spanning from 1854 through
2022, reveals that 70% of fossil fuel and cement CO, emissions since the Industrial
Revolution can be traced to 78 entities.

Analysis of the post-Paris Agreement period, covering seven years from 2016 until
the end of 2022, further demonstrates the outsized impact of a small group of
producers that are expanding production. Just 57 entities are linked to 80% of post-
Paris Agreement fossil fuel and cement CO, emissions, underlining the increasing
concentration of carbon contributions. This analysis also highlights the persistent
increase in production by the majority of producers within all entity types after the
Paris Agreement, despite the urgent need for a transition away from fossil fuels.
InfluenceMap's research on policy engagement reveals a clear connection between
these high-emitting entities and some of the most globally oppositional positions on
critical climate regulation necessary to steer the real economy towards the transition.

The analysis of emissions by fuel type reveals a shift in coal supply dynamics, with
emissions from investor-owned coal production decreasing from 2015 to 2022, while
state-owned and nation-state coal production has increased. This increase comes
despite the IPCC's warning that curbing coal consumption is essential to meeting
international climate targets??. Likewise, emissions linked to natural gas production
increased in the seven years after the Paris Agreement, most substantially by state-
owned entities, while oil production emissions remained constant.

20 IPCC (2022). Climate Change 2022: Mitigation of Climate Change. Contribution of Working Group Ill to the
Sixth Assessment Report of the Intergovernmental Panel on Climate Change
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Lastly, regional company analysis highlights companies' lack of emissions reductions
globally. The research shows that there are no leading regions when it comes to
emissions reductions. Asia and the Middle East stand out as the regions associated
with the highest emissions increases, alongside companies from Africa, Europe,

and South America. North America is the only region to buck this trend, with a slim
majority of companies linked to decreasing emissions.

In summary, the Carbon Majors database offers a comprehensive understanding

of the world's largest fossil fuel and cement producers’ role in shaping industrial
greenhouse gas emissions. In doing so, Carbon Majors provides evidence for the
attribution of responsibility for substantial climate impacts to a small group of
companies and entities that have made a measurable and demonstrable contribution
to global warming.
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Appendix 1: Historical Emissions (1854-2022)

The emissions column in Table 12 includes four direct production-linked operational emission types and emissions from the combustion of marketed products. One of the four
direct emission types is fugitive methane (see the Methodology for more information), given in CO, equivalent units. In the final column, Percentage of global CO, emissions, the
value for fugitive methane is not considered when comparing an entity’s total CO, emissions to total fossil fuel and cement CO, emissions.

Table 12: Carbon Majors entities ranked by emissions (1854-2022)

. Emissions (MtCO.e) Percentage of global CO, emissions . Emissions (MtCO4e) Percentage of global CO, emissions

China (Coal) 216,458 14.01% China (Cement) 23161 1.31%
2 Former Soviet Union 135,113 6.82% 15 ConocoPhillips 20,222 1.01%
3 Saudi Aramco 68,832 3.63% 16 British Coal Corporation 19,745 1.00%
4 Chevron 57,898 2.98% 17 CNPC (PetroChina) 18,951 0.97%
5  ExxonMobil 55,105 2.18% 18  Peabody Coal Group 17735 0.90%
6  Gazprom 00,687 2.31% 19  TotalEnergies 17584 0.90%
7 National Iranian Gil Co. 43112 2.22% 20 Abu Dhabi National Qil 17383 0.90%
§ B 42530 219% UMDY
9 Shell 40,674 2 06% 21 Petroleos de Venezuela 16,901 0.88%
10 Coal India 29391 149% 22 Kuwait Petroleum Corp. 15,922 0.84%
11 Poland 28750 146% 23 Irag National Qil Company 15,188 0.81%
19 Pemex 25,497 132% 24 Sonatrach 14,955 0.735
13 Russian Federation 23412 119% 49| 14,295 0.15%

THE CARBON MAJORS DATABASE: LAUNCH REPORT | APRIL 2024 PAGE 27





@ CarbonMajors

. Emissions (MtCO4e) Percentage of global GO, emissions . Emissions (MtCO,e) Percentage of global GO, emissions
31%

Occidental Petroleum 12,907 0.65% Alpha Metallurgical Resources 6,121

21 BHP 11,042 0.56% 46  ONGC India 5917 0.30%
28  Petrobras 10,799 0.56% 41  Sasol 4,992 0.25%
29  CONSOL Energy 10,490 0.53% 48  Ukraine 4,969 0.25%
30 gﬁzrlan National Petroleum 10243 053% 49  Surgutneftegas 4,135 0.25%

50 Repsol 4,584 0.23%
31 Czechoslovakia 9,518 045% 51  Petroleum Development Oman 4,381 0.22%
32 Petronas 9,130 0.45% 52 Sinopec 4374 0.23%
33 3075 Lt 53 Egyptian General Petroleum 4318 0.22%
34  QatarEnergy 8,405 0.42% 54  TurkmenGaz 4223 0.19%
35  Pertamina 8,270 0.42% 55  Petoro 4174 0.21%
36  Anglo American 8,163 0.41% 56 CNOOC 4147 0.22%
37 Libya National Qil Corp. 8,146 0.43% 57  North Korea 4104 0.21%
38  Arch Resources 1,969 0.40% 58 Marathon Ol 3804 0.19%
39 Lukoil 1835 Lol 59  Bumi Resources 3,762 0.19%
40  Kazakhstan 1163 0.33% 60  Devon Energy 3297 0.16%
41 Equinor 1133 U3 61  Singareni Collieries 3,291 0.17%
42 RWE 1,585 0.38% 62  Sonangul 3,281 0.18%
43 Rio Tinto 160 0:34% 63  Holcim Group 3173 0.18%
44  Glencore 6.329 0.32% G iR 3,096 0.14%

65  Ecopetrol 3,096 0.16%
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. Emissions (MtCO4e) Percentage of global GO, emissions . Emissions (MtCO,e) Percentage of global GO, emissions

Suncor Energy 3,072 0.16% Kiewit Mining Group 1,689 0.09%

67  Hess Corporation 3,026 0.15% 86  Heidelberg Materials 1684 0.09%
68  Ovintiv 2,993 0.14% 81  North American Coal 1,644 0.08%
69  Czech Republic 2,131 0.14% 88  Chesapeake Energy 1,609 0.07%
70  Canadian Natural Resources 2,640 0.13% 89  Syrian Petroleum 1,578 0.08%
11 Cyprus AMAX Minerals 2,569 0.13% 90 Cloud Peak 1,476 0.07%
12 Westmoreland Mining 2,339 0.12% 91 Vistra 1,394 0.07%
13 BASF (Wintershall Dea) 2,313 0.11% 92  Teck Resources 1,308 0.07%
" ﬁr;zrri:la;e[:;:izggated 2240 011% 93 Inpex 1,256 0.06%
94  Naftogaz 1,252 0.06%

15  Exxaro Resources Ltd 2,160 0.11% 95 Coterra Energy 1184 0.06%
76  Bapco Energies 2,121 0.10% 96 PTTEP 1,080 0.05%
11 Adaro Energy 2,068 0.10% 97 OV Grow 1,014 0.05%
0| C D10% 98  EQT Corporation 1,001 0.05%
19 Conows Encrey Il 010% 99  Southwestern Energy 982 0.04%
iU S ks 010 100  Woodside Energy 918 0.04%
R e 010 101 UK Coal 882 0.04%
82  PetroEcuador 1,922 0.10% 102 Cemer 867 0.05%
83  EOG Resources 1,806 0.09% 103 Santos 837 0.04%
e Ll D0%% 104  Pioneer Natural Resources 826 0.04%
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105

106
107
108
109
110
m

112

13
114
115
116
17
118
119
120
121
122

Murphy Oil

Orlen

Antero

Taiheiyo Cement
Continental Resources
Tourmaline Oil
Whitehaven Coal

Navajo Transitional Energy
Company

Wolverine Fuels
Seriti Resources
Obsidian Energy
Vale

SM Energy

Adani Enterprises
CNX Resources
CRH

Tullow Gil

Slovakia

165

120
606
580
455
450
428

390

385
361
356
317
316
316
221

21
104
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Percentage of global CO, emissions

0.04%
0.04%
0.03%
0.03%
0.02%
0.02%
0.02%

0.02%

0.02%
0.02%
0.02%
0.02%
0.02%
0.02%
0.01%
0.01%
0.01%
0.01%
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Appendix 2: Emissions After the Paris Agreement (2016-2022)

The emissions column in Table 13 includes four direct production-linked operational emission types and emissions from the combustion of marketed products. One of the four
direct emission types is fugitive methane (see the Methodology for more information), given in CO, equivalent units. In the final column, Percentage of global CO, emissions, the
value for fugitive methane is not considered when comparing an entity’s total CO, emissions to total fossil fuel and cement CO, emissions.

Table 13: Carbon Majors entities ranked by emissions (2016-2022)

. Emissions (MtCO,e) Percentage of global CO, emissions . Emissions (MtCO5e) Percentage of global CO; emissions

China (Coal) 12,993 25.19% 3,513 1.22%
2 Saudi Aramco 13,256 4.84% 15 Sonatrach 3408 1.14%
3 Gazprom 10,127 3.26% 16 Chevron 3,326 1.16%
4 Coal India 8,509 3.01% 17 Kuwait Petroleum Corp. 3,046 112%
5 National Iranian Oil Co. 8,176 2.80% 18 TotalEnergies 2811 1.00%
6  China (Cement) 8,155 3.21% 19  Petrobras 2,839 1.03%
7 Russian Federation 1174 2.53% 20  Pemex 2,648 0.96%
8  Rosneft 5,134 2.01% 21 Peabody Coal Group 2,394 0.85%
9 CNPC 4,966 1.11% 22 Glencore 2,313 0.82%
10 Abu Dhabi National Ol 4745 170% 23 Lukolil 2,310 0.83%

Company 24 Petronas 2223 0.76%
11 ExxonMobil 4,086 142% Nigerian National Petroleum
12 Irag National Oil Company 3,695 1.37% # Corp. il 14
13 Shell 3,621 1.24% 26 Equinor 1,919 0.68%
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. Emissions (MtCO4e) Percentage of global GO, emissions . Emissions (MtCO5e) Percentage of global GO, emissions
1,901

Kazakhstan 0.67% Egyptian General Petroleum 0.29%
28 Eni 1,152 0.60% 49  Singareni Collieries 869 0.31%
29 BHP 1,738 0.61% 50  Libya National Gil Corp. 84 0.30%
30  Petroleos de Venezuela 1,110 0.61% 6] American Consolidated 935 029%
31 ConocoPhillps 1709 0.60% Natural Resources
32 Poland 1686 0.60% 52 Sonangol 813 0.30%
33 QatarEnergy 1652 0.56% 53 Adaro Energy 802 0.28%
34 Novatek 1570 0.51% 94 Exxaro Resources Ltd 119 0.28%
35 CNOOC 1467 0.53% 55 EOG Resources 1718 0.28%
36 Sinopec 1441 0.51% 56 Saso 176 0.27%
31 Surgutneftegas 1373 0.50% 57 Cenovus Energy 162 0.27%
38 Bumi Resources 1,355 0.48% 2| B b0 i —
39 TurkmenGaz 1315 0.42% 2| 1 LS
40 Occidental Petroleum 1283 0.46% B |Snor Energy = 1205
41 Canadian Natural Resources 1,137 0.41% 61 Repsol 108 024%
42 Arch Resources 1129 0.40% 62 Banpu 107 025%
43 Petoro 1073 0.36% 63  RWE 686 0.24%
44  Petroleum Development Oman 1,033 0.36% 64 Coterra Energy 675 0.22%
45  ONGC India 920 0.32% 65  Chesapeake Energy 658 0.21%
i3 | e 884 0.30% 66  BASF (Wintershall Dea) 654 0.22%
41 Anglo American 883 0.31% 67  Alliance Resource Partners 613 0.22%
68  Devon Energy 608 0.21%
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. Emissions (MtCO4e) Percentage of global GO, emissions . Emissions (MtCO5e) Percentage of global GO, emissions

Southwestern Energy 0.19% Cloud Peak 0.12%
70  Bapco Energies 516 0.19% 91  Heidelberg Materials 339 0.13%
71 Inpex 553 0.19% 92  Hess Corporation 330 0.12%
12 Ovintiv 933 0.18% 93  Continental Resources 324 0.11%
13 Teck Resources 533 0.19% 94  Westmoreland Mining 308 0.11%
14 Holcim Group 526 0.21% 95  Whitehaven Coal 299 0.11%
15  PetroEcuador 524 0.20% 96  Woodside Energy 291 0.09%
16 Antero 520 0.17% 97  Naftogaz 282 0.09%
71 YPF 495 0.17% 98  Santos 216 0.09%
18 Ukraine 48] 0.17% 99  Alpha Metallurgical Resources 265 0.09%
719  PTTEP 481 0.16% 100  Adani Enterprises 263 0.09%
80  APA Corporation 472 0.17% 101 North American Coal 255 0.09%
81  CONSOL Energy 470 0.17% 102 CNX Resources 221 0.07%
82  OMV Group 438 0.15% 103  Kiewit Mining Group 192 0.07%
83  North Korea 425 0.15% 104  Murphy Oil 183 0.06%
84  Pioneer Natural Resources 416 0.15% 105  Cemex 181 0.07%
85  Czech Republic 406 0.14% 106  Rio Tinto 169 0.06%
86  Marathon Oil 405 0.14% 107 Orlen 162 0.05%
- Navajo Transitional Energy 779 01%% 108 Vale 157 0.06%

Uy 109 Wolverine Fuels 150 0.05%
88  Tourmaline Oil 3N 0.12% 110 SM Energy 149 0.05%
89  Seriti Resources 361 0.13%
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. Emissions (MtCO4e) Percentage of global GO, emissions
1 133

Vistra 0.05%
112 CRH 19 0.05%
113 Taiheiyo Cement 109 0.04%
114 Tullow Qil 19 0.03%
115 Syrian Petroleum 60 0.02%
116 Obsidian Energy 34 0.01%
17 Slovakia 13 <0.01%

THE CARBON MAJORS DATABASE: LAUNCH REPORT | APRIL 2024 PAGE 34





		_Hlk161234061

		_Hlk160709183

		_Hlk158106286

		_Hlk160802374

		_Hlk160802387

		_Hlk150871749

		_Hlk150872067

		_Hlk161048975

		_Hlk160102900

		_Hlk160796239

		_Hlk158975906

		_Hlk160106013

		_Hlk157760548

		_Hlk157785579

		_Hlk159256915

		_Hlk160748217

		_Hlk160748325

		_Hlk160803587

		_Hlk158968382

		Executive Summary

		Introduction

		Methodology

		Findings

		Conclusion

		Appendix 1: Historical Emissions (1854–2022)

		Appendix 2: Emissions after the Paris Agreement (2016–2022)




Best,
Jane

Jane Lazorchak (she/her) | Climate Action Office
Vermont Agency of Natural Resources

Davis 2, 1 National Life Drive, Montpelier, VT 05602
802-505-0561

anr.vermont.gov

From: Richard Heede <heede@climateaccountability.org>

Sent: Tuesday, April 30, 2024 11:26 AM

To: Lazorchak, Jane <Jane.Lazorchak@vermont.gov>; Ramirez-Richer, Emma <Emma.Ramirez-
Richer@vermont.gov>; Moore, Julie <Julie.Moore@vermont.gov>; Woods, Brian
<Brian.Woods@vermont.gov>; Wolz, Marian <Marian.Wolz@vermont.gov>

Subject: Re: Carbon Majors Database and the InfluenceMap Team

EXTERNAL SENDER: Do not open attachments or click on links unless you recognize

and trust the sender.
All — here is my testimony to House Judiciary Cmtee 11 April, FYI.

From: Lazorchak, Jane <Jane.lLazorchak@vermont.gov>
Date: Monday, April 29, 2024 at 12:01 PM

To: Ramirez-Richer, Emma <Emma.Ramirez-Richer@vermont.gov>, Richard Heede

<heede@climateaccountability.org>, Moore, Julie <Julie.Moore@vermont.gov>, Woods,
Brian <Brian.Woods@vermont.gov>, Wolz, Marian <Marian.Wolz@vermont.gov>
Subject: RE: Carbon Majors Database and the InfluenceMap Team

Done! We met with Rachel this morning on this topic and had briefed her on this meeting.

From: Ramirez-Richer, Emma <Emma.Ramirez-Richer@vermont.gov>
Sent: Monday, April 29, 2024 1:04 PM

To: Lazorchak, Jane <Jane.lazorchak@vermont.gov>; Richard Heede

<heede@climateaccountability.org>; Moore, Julie <Julie.Moore@vermont.gov>; Woods, Brian
<Brian.Woods@vermont.gov>; Wolz, Marian <Marian.Wolz@vermont.gov>

Subject: Re: Carbon Majors Database and the InfluenceMap Team

HiJane and all,

Julie requested that you please invite Rachel Stevens to this meeting.


https://gcc02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.anr.vermont.gov%2F&data=05%7C02%7CJulie.Moore%40vermont.gov%7Cfbbf74990ac948cdf10c08dc6964219e%7C20b4933bbaad433c9c0270edcc7559c6%7C0%7C0%7C638501128030297563%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C40000%7C%7C%7C&sdata=u8RJHw2xxhHTtkC936bBybwRo6JQQn%2F%2BeZ16X0JbLU0%3D&reserved=0
mailto:Jane.Lazorchak@vermont.gov
mailto:Emma.Ramirez-Richer@vermont.gov
mailto:heede@climateaccountability.org
mailto:Julie.Moore@vermont.gov
mailto:Brian.Woods@vermont.gov
mailto:Marian.Wolz@vermont.gov
mailto:Emma.Ramirez-Richer@vermont.gov
mailto:Jane.Lazorchak@vermont.gov
mailto:heede@climateaccountability.org
mailto:Julie.Moore@vermont.gov
mailto:Brian.Woods@vermont.gov
mailto:Marian.Wolz@vermont.gov

Thanks!
Emma

Emma Ramirez-Richer | Executive Assistant (she/her)

Vermont Agency of Natural Resources Secretary's Office

1 National Life Drive, Davis 2, Montpelier, VT 05620

802-828-0316 (o) | 802-261-5920 (c) | emma.ramirez-richer@vermont.gov

Help raise money for Vermonters impacted by flood damage and show your Vermont pride with Vermont
Strong and Tough Too license plates and socks. Click here to purchase your Vermont Strong gear or visit
DMYV.Vermont.gov/VermontStrong23. Impacted Vermonters can find resources and referrals by visiting
Vermont.Gov/Flood.

From: Lazorchak, Jane

Sent: Friday, April 26, 2024 7:20 AM

To: Lazorchak, Jane <Jane.lazorchak@vermont.gov>; Richard Heede
<heede@climateaccountability.org>; Moore, Julie <Julie.Moore@vermont.gov>; Woods, Brian
<Brian.Woods@vermont.gov>; Wolz, Marian <Marian.Wolz@vermont.gov>

Subject: Carbon Majors Database and the InfluenceMap Team

When: Tuesday, April 30, 2024 11:00 AM-11:30 AM.

Where: zoom

Updating with a Zoom link at the request of Rick — thanks!

Topic: My Meeting

Time: Apr 30, 2024 11:00 AM Eastern Time (US and Canada)

Join Zoom Meeting

https://us06web.zoom.us/j/825609667527?


https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fanr.vermont.gov%2F&data=05%7C02%7CJulie.Moore%40vermont.gov%7Cfbbf74990ac948cdf10c08dc6964219e%7C20b4933bbaad433c9c0270edcc7559c6%7C0%7C0%7C638501128030305273%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C40000%7C%7C%7C&sdata=Qv8yDPzioryDjceauy7jYuIbuYWnDbe6ZmdC7iSwEXw%3D&reserved=0
mailto:emma.ramirez-richer@vermont.gov
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fvt.accessgov.com%2Fdmv%2FForms%2FPage%2Fdmv%2Fvtstrong%2F1&data=05%7C02%7CJulie.Moore%40vermont.gov%7Cfbbf74990ac948cdf10c08dc6964219e%7C20b4933bbaad433c9c0270edcc7559c6%7C0%7C0%7C638501128030311444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C40000%7C%7C%7C&sdata=nliwhq6IsZku4b8ZKS%2F%2BXyWETqiZeFNGIDNwuyG4AOg%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdmv.vermont.gov%2Fvermontstrong23&data=05%7C02%7CJulie.Moore%40vermont.gov%7Cfbbf74990ac948cdf10c08dc6964219e%7C20b4933bbaad433c9c0270edcc7559c6%7C0%7C0%7C638501128030317447%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C40000%7C%7C%7C&sdata=Pq%2B2MjjV896HMfKPqA7BW5WyYsEpTgM2QbTLbDcmPJ4%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.vermont.gov%2Fflood&data=05%7C02%7CJulie.Moore%40vermont.gov%7Cfbbf74990ac948cdf10c08dc6964219e%7C20b4933bbaad433c9c0270edcc7559c6%7C0%7C0%7C638501128030323151%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C40000%7C%7C%7C&sdata=gMxavzKPaKNfC59Ysie7%2FW8dI0hgoYx89%2BQ17jHtEkA%3D&reserved=0
mailto:Jane.Lazorchak@vermont.gov
mailto:heede@climateaccountability.org
mailto:Julie.Moore@vermont.gov
mailto:Brian.Woods@vermont.gov
mailto:Marian.Wolz@vermont.gov
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fus06web.zoom.us%2Fj%2F82560966752%3Fpwd%3DEklSiQCqbD9bx4yyMFqupF18u17o67.1&data=05%7C02%7CJulie.Moore%40vermont.gov%7Cfbbf74990ac948cdf10c08dc6964219e%7C20b4933bbaad433c9c0270edcc7559c6%7C0%7C0%7C638501128030328728%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C40000%7C%7C%7C&sdata=EAk%2FxgRzsihOfHUWG9OQX%2BocDQDgTg5HgxFZOYnx93k%3D&reserved=0

wd=EkISiQCqbD9bx4yyMFqupF18u17067.1

Meeting ID: 825 6096 6752

Passcode: 674805

One tap mobile
+16465588656,,82560966752#,,,,*674805# US (New York)
+16469313860,,82560966752#,,,,*674805# US

Dial by your location

* +1 646 558 8656 US (New York)
« +1 646 931 3860 US

«+1 301 715 8592 US (Washington DC)
« +1 305 224 1968 US

« +1 309 205 3325 US

«+1 312 626 6799 US (Chicago)
 +1 253 205 0468 US

« +1 253 215 8782 US (Tacoma)

* +1 346 248 7799 US (Houston)
 +1 360 209 5623 US

* +1 386 347 5053 US


https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fus06web.zoom.us%2Fj%2F82560966752%3Fpwd%3DEklSiQCqbD9bx4yyMFqupF18u17o67.1&data=05%7C02%7CJulie.Moore%40vermont.gov%7Cfbbf74990ac948cdf10c08dc6964219e%7C20b4933bbaad433c9c0270edcc7559c6%7C0%7C0%7C638501128030328728%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C40000%7C%7C%7C&sdata=EAk%2FxgRzsihOfHUWG9OQX%2BocDQDgTg5HgxFZOYnx93k%3D&reserved=0

* +1 507 473 4847 US
*+1 564 217 2000 US
* +1 669 444 9171 US
*+1 689 278 1000 US
* +1 719 359 4580 US

* +1 720 707 2699 US (Denver)

Meeting ID: 825 6096 6752

Passcode: 674805

Find your local number: https://us06web.zoom.us/u/kdZdCxPF6n


https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fus06web.zoom.us%2Fu%2FkdZdCxPF6n&data=05%7C02%7CJulie.Moore%40vermont.gov%7Cfbbf74990ac948cdf10c08dc6964219e%7C20b4933bbaad433c9c0270edcc7559c6%7C0%7C0%7C638501128030334643%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C40000%7C%7C%7C&sdata=T27pQQInlQHzhjzPL0QHJIovzSTMSiTuXLIN2ADMJt0%3D&reserved=0

From: Coster, Billy

Sent: Tuesday, April 2, 2024 3:04 PM
To: Gendron, Maggie; Moore, Julie; Brackin, Stephanie
Subject: RE: Climate: How to make polluters pay

They make it sound oh so simple!

Billy Coster | Director of Policy and Planning

Vermont Agency of Natural Resources

Office of Planning

1 National Life Dr., Davis 2 | Montpelier, VT 05620-3901
802-595-0900 cell

anr.vermont.gov

From: Gendron, Maggie <Maggie.Gendron@vermont.gov>

Sent: Tuesday, April 2, 2024 2:53 PM

To: Moore, Julie <Julie.Moore@vermont.gov>; Brackin, Stephanie <Stephanie.Brackin@vermont.gov>; Coster, Billy
<Billy.Coster@vermont.gov>

Subject: RE: Climate: How to make polluters pay

Sigh.

From: Moore, Julie <Julie.Moore@vermont.gov>

Sent: Tuesday, April 2, 2024 2:43 PM

To: Gendron, Maggie <Maggie.Gendron@vermont.gov>; Brackin, Stephanie <Stephanie.Brackin@vermont.gov>; Coster, Billy
<Billy.Coster@vermont.gov>

Subject: FW: Climate: How to make polluters pay

Oh boy!

7~ VERMONT

Julia S. Moore, P.E. | Secretary (she/her)

Vermont Agency of Natural Resources

1 National Life Dr, Davis 2 | Montpelier, VT 05620-3901
802-828-1294 office

julie. moore@vermont.gov

anr.vermont.gov

The Agency of Natural Resources supports telework and there are times when I may be working from another location. I am generally available to
connect by phone and email during business hours. I am also available to meet in-person upon request.

Help raise money for Vermonters impacted by flood damage and show your Vermont pride with Vermont Strong and
Tough Too license plates and socks. Click here to purchase your Vermont Strong gear or visit
DMV.Vermont.gov/VermontStrong23.

Impacted Vermonters can find resources and referrals by visiting Vermont.Gov/Flood.

---------- Forwarded message ---------

From: The New York Times <nytdirect@nytimes.com>
Date: Tue, Apr 2, 2024 at 2:26 PM

Subject: Climate: How to make polluters pay
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The state of Vermont is one of several states in the Northeast that suffered from devastating floods last summer. Hilary Swift
for The New York Times

How to make polluters pay
By Manuela Andreoni
@ Senior Newsletter Writer, Climate
Around the world, governments, nonprofits and even some everyday people are coming up with

strategies to force fossil fuel companies to pay for their contributions to climate change.

The European Union is pushing countries to come up with a global approach, dozens of countries and
states have passed taxes on carbon emissions, and a growing number of citizens are filing lawsuits
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against the oil and gas industry.

But what if governments could simply charge companies for the costs of climate change? These efforts
are often described as “climate superfunds,” a reference to the 1980 U.S. law that forced companies to
pay for toxic waste cleanup.

At least four states are considering versions of these bills, and tiny Vermont may soon be the first state
to pass one. The idea behind the Vermont bill is simple: the state would calculate the damage caused
by climate change and charge companies according to the share of emissions they produced.

Vermont’s Senate passed a measure on Tuesday and it will now head toward a vote in the House, where
it has support from at least two thirds of members. You may remember that it was one of several states
in the Northeast that suffered from devastating floods last summer, killing at least 10 people and
causing $2.2 billion in damages.

“Taxpayers alone can’t bear these costs,” said Anthony Iarrapino, a lobbyist who garnered support for
the bill for the Conservation Law Foundation. “It’s only fair to look to these immensely profitable
corporations whose products and activities are the root causes of the crisis we are in and say, ‘You
should pay your fair share and help clean up the mess.”

What the bill does

We don’t know exactly which companies would be charged under Vermont’s bill, but it would cover
companies that produced more than one gigaton of carbon emissions between 1995 and 2024 and have
some sort of commercial relationship with the state.

State officials haven’t yet calculated how much money they would raise with the bill, but it’s fair to
assume it would be in the hundreds of millions of dollars. A group of U.S. senators calculated a federal
climate superfund would raise $500 billion, and New York officials said a statewide measure would
collect $30 billion.

“The underlying goal of this bill is not about reducing carbon emissions,” Senator Nader Hashim said
on the Vermont Senate floor last week. “This is about reducing the costs for Vermont taxpayers.”

The original Superfund law was signed in 1980, two years after a toxic landfill in Love Canal, a
neighborhood of Niagara Falls, N.Y., was recognized as a public threat.

The Vermont bill was inspired by a proposal by a group of U.S. senators, including Sen. Bernie
Sanders, in 2021. The national bill did not advance, but it spawned several state-level climate
superfund measures. The New York Senate passed a similar bill last year, but because Gov. Kathy
Hochul didn’t include it in the budget, it will need to be passed again. Massachusetts and Maryland
have also introduced climate superfund bills, and California and Minnesota are expected to do so soon,

according to E&E News.
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It’s unclear whether Vermont Gov. Phil Scott, a Republican, will sign the measure, though it has had
some bipartisan support. Four Republican senators voted to pass the bill on to the House, including
one lawmaker who had previously voted against it because he simply didn’t want Vermont to be the
first to face off against multibillion dollar corporations in court, a prospect many deem likely.

The oil and gas industry oppose the bill. According to Heatmap, the American Petroleum Institute, a
lobbying group, submitted testimony to the Vermont senate warning about the challenge of accurately
attributing climate change to specific damages in the state and that emissions by each company can’t
be determined accurately enough.

The science that makes it possible

There’s an intrinsic challenge in assessing who should pay for fossil fuel pollution: How do you prove
who’s responsible?

Climate change is both global and gradual. Burning fossil fuels in the United States now will impact
communities in, say, Africa for years to come. And it’s highly complex — and not always definitive — to
link a specific event to climate change.

But attribution science, as the field is known, has made big strides in the last few years.

Scientists have created computer models that contrast our planet to a hypothetical one in which
humans didn’t burn fossil fuels. That allows them to know, in a matter of weeks, which disasters can be

linked climate change. For example, attribution science told us that the drought in the Amazon

rainforest last year was fueled by climate change, but the wildfires in Chile weren't.

If the climate superfund bill becomes law in Vermont, the state plans to work with scientists to figure
out just how much of the damage was caused by climate change. Then, they will calculate what each
oil and gas company contributed to it.

For that, they will very likely use a database called “Carbon Majors.” Richard Heede, the climate
researcher who created it, told me he has collected thousands of corporate reports from 122 companies
across the world detailing how much fossil fuels they have produced in the last decades. Using that, he
can calculate a company’s share of global heat-trapping gas emissions.

Another key puzzle piece: The work by researchers and journalists to uncover documents suggesting

that fossil fuel companies have known for decades that their activities were harmful to the climate.

Taken together, some Vermont lawmakers believe they have all of the necessary ingredients to make
fossil fuel polluters responsible for the damage they’'ve caused.

“We can measure just how much worse storms are now because of climate change,” state senator Anne
Watson told her colleagues in Vermont. “It’s time for us to hold fossil fuel companies accountable for
the damage they have caused.”
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Continue reading the main story

A MESSAGE FROM SIEMENS

Siemens tech powers a green transformation in N.Y.

Siemens microgrid technologv is helping New York City’s the Javits Center transform into one of the most

sustainable buildings in the U.S. We're showing that a clean energy future is possible.

LEARN MORE
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Mammoth Climeworks in Hellisheidi, Iceland. Francesca Jone

Can we engineer our way out of the climate crisis?

On a windswept Icelandic plateau, an international team of engineers and executives is powering up
an innovative machine designed to alter the very composition of Earth’s atmosphere.

If all goes as planned, the enormous vacuum will soon be sucking up vast quantities of air, stripping
out carbon dioxide and then locking away those greenhouse gases deep underground in ancient stone
— greenhouse gases that would otherwise continue heating up the globe.

Just a few years ago, technologies like these, which attempt to re-engineer the natural environment,
were on the scientific fringe. They were too expensive, too impractical, too sci-fi. But with the dangers
from climate change worsening, and the world failing to meet its goals of slashing greenhouse gas
emissions, they are quickly moving to the mainstream among both scientists and investors, despite
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questions about their effectiveness and safety.

Researchers are studying ways to block some of the sun’s radiation. They are testing whether adding
iron to the ocean could carry carbon dioxide to the sea floor. They are hatching plans to build giant
parasols in space. And with massive facilities like the one in Iceland, they are seeking to reduce the
concentration of carbon dioxide in the air.

As the scale and urgency of the climate crisis has crystallized, “people have woken up and are looking to
see if there’s any miraculous deus ex machina that can help,” said Al Gore, the former vice president. —
David Gelles

Read the full story here, part of a series on the potentially risky ways humans are starting to

manipulate nature to fight climate change. More coverage is coming soon.

OTHER CLIMATE NEWS

New Pollution Rules Aim to Lift

Sales of Electric Trucks

The latest in a string of ambitious climate regulations aims to

clean up the heaviest polluters on the road. But truckers are
worried.

By Coral Davenport and Jack Ewing

Mark Abramson for The New York Times
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Garbage Lasagna’: Dumps Are a
Big Driver of Warming, Study Says

Decades of buried trash is releasing methane, a powerful

greenhouse gas, at higher rates than previously estimated, the
researchers said.

By Hiroko Tabuchi

Andri Tambunan for The New York Times

Angry Farmers Are Reshaping
Europe

Farm protests are changing not only Europe’s food system but
also its politics, as the far right senses an opportunity.

By Roger Cohen and Ivor Prickett

Ivor Prickett for The New York Times
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India’s Silicon Valley Faces a
Water Crisis That Software Cannot

Solve

Bengaluru gets plenty of rain. But the city did not properly
adapt as its soaring population strained traditional water
sources.

By Damien Cave and Atul Loke

In Move to Protect Whales

Polynesian Indigenous Groups
Give Them ‘Personhood’

Indigenous leaders of New Zealand, Tahiti and the Cook Islands
signed a treaty that recognizes whales as legal persons.
Conservationists hope it will lead to legal protections.

By Remy Tumin

Samuel Lam, via Associated Press
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Heat Waves Are Moving Slower
and Staying Longer, Study Finds

Climate change is making heat waves linger for longer stretches
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of time, exacerbating the effects of extreme temperatures.

By Delger Erdenesanaa

Miguel Schincariol/Agence France- sse — Getty
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What a Search for the Signs of
Spring Reveals

A writer wonders whether the wild things around her are out of
sync with the season.

By Daryln Brewer Hoffstot and Kristian Thacker

Kristian Thacker for The New York Times
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So Much Produce Comes in Plastic.

Is There a Better Way?

As governments impose limits on plastic food packaging,
climate-friendlier alternatives are in the works. Here are some

that might be coming to a grocery store near you.
By Kim Severson

VPZ Verpackungszentrum GmbH

More climate news

¢ 31 countries have surpassed a pivotal E.V. tipping point, when 5 percent of new car sales are

electric, Bloomberg reports.

e Solar panels are now so cheap they’re being used as garden fences in Germany and the

Netherlands, the Financial Times reports.

e Reuters explained how fossil fuels have thrived despite the Biden administration’s efforts to curb

climate change.

¢ Civil Eats investigated how Bayer, the agrochemical giant, is pushing for laws to stop pesticide

lawsuits across the United States.

Thanks for being a subscriber.

Read past editions of the newsletter here.

If you're enjoying what you're reading, please consider recommending it to others. They can sign up
here. Browse all of our subscriber-only newsletters here. And follow The New York Times on
Instagram, Threads, Facebook and TikTok at @nytimes.

Reach us at climateforward @nytimes.com. We read every message, and reply to many!
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From: Doyon, Ashlynn

Sent: Tuesday, January 9, 2024 5:57 PM

To: Moore, Julie; Lazorchak, Jane; Wolz, Marian; Farnham, Douglas

Cc: Ramirez-Richer, Emma; Pieciak, Mike; Boyles, Gavin

Subject: Draft Climate Infrastructure Financing Report

Attachments: Climate Infrastructure Financing Report and Recommendations.docx; Appendix A - Consolidated

Public Input - Final.pdf; Appendix B - Public Comment for Al Query (email) - Final.docx; Appendix
C - Public Comment (Formal Letters) for Al Query.docx

Good Evening All,

Thanks very much for a productive meeting this afternoon. As promised, please find attached the working draft of
the Climate Infrastructure Financing Report. Note that we are still in the process of making final updates. We would
appreciate your review with particular attention to the areas where we mention partnerships between the
Treasurer's Office and ANR/the Climate Action Office.

In today's meeting we also mentioned the 2.5% credit facility language in H.586, Rep. Kari Dolan's bill. We will be
proposing to her some significant changes to the placeholder language that is currently in the bill, to be in line with
recommendation #5 in the report. We are still working on drafting the replacement language and can share with
you when it's further developed.

Thanks again,
Ashlynn Doyon
Director of Policy

Office of the Vermont State Treasurer

Email: ashlynn.doyon@vermont.gov
Phone: (802) 595-3197 (cell phone/working remotely)
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INTRODUCTION: REPORT PURPOSE, SCOPE, AND STRUCTURE

Purpose
In the Fiscal Year 2024 Appropriations Act, the State Legislature requested a report with
recommendations from the Treasurer by January 15 regarding:

e Coordination of the State’s climate infrastructure financing efforts;

e C(reating a framework for effective collaboration among Vermont organizations,
agencies, and the financial instrumentalities of the State to maximize the amount of
federal Greenhouse Gas Reduction funds the State may receive; and

e Coordination of the deployment of these and other greenhouse gas reduction funds.

This report therefore provides a series of recommendations based on Treasurer’s extensive
public engagement and conversations with various organizations involved in different
aspects of climate infrastructure financing, as well as the insights of the Treasurer’s team.

Scope
This report is not an assessment of climate-related priorities for investment. The
prioritization discussion in Vermont is led by the State-designated Climate Council.

This report focuses on the coordination of the State’s climate infrastructure financing
efforts - specifically, as requested by the Legislature, creating a framework for effective
collaboration and the effective deployment of climate infrastructure financing and other
greenhouse gas reduction funds in a way that maximizes the amount of Federal funding
secured by Vermont.

Within this report, climate infrastructure is defined as infrastructure necessary to build,
renovate, or otherwise invest in that advances the goals and projects established by the
Climate Council. Different people have different views of what constitutes climate
infrastructure. This definition privileges the priorities of the Climate Council and focuses on
how to finance the infrastructure elements related to those priorities.

Structure of the Report
After the introduction, the report is structured as follows:

The first section (Section 1) provides an overview of the public input and the extensive
engagement conducted by the Treasurer’s Office following the request from the General
Assembly.

The second section defines the problem that led to the General Assembly’s request for this
report, defines the end goals motivating an effort to better coordinate climate
infrastructure financing in Vermont, and describes several alternative models intended to
improve coordination put forward by different organizations as part of the public
comment.
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The third section outlines a series of recommendations resulting from the overall public
input as well as insights from the Treasurer’s Office.

The fourth section provides a summary of the public input received, broken into categories
reflecting the wide range of interests and ideas shared by dozens of participants.

Finally, the report also includes three appendices that are described in the fifth and last
section. The first appendix (Appendix A) provides all the public input in one consolidated
document for ease of reference, noting that it does not replicate the ~100 form letters
focused on finding ways to have big oil companies cover the cost of climate infrastructure
financing. This input includes a substantial White Paper advocating for new authorities for
an existing institution to act in a way similar to a Green Bank to help advance an effective
climate financing strategy. This White Paper has nine co-authors (among them Senator
Andrew Perchlik and representatives from VHCB, the Vermont Audubon, the Lyme Timber
Co., and Quantified Ventures).

The second and third appendices (Appendix B and Appendix C) take the same information
as the Appendix A but reformat, anonymize, and break that information into two parts so
that a free artificial intelligence (AI) chatbot can query the data.

This tool to query public input should allow interested parties to learn about the different
themes and concepts embedded in the public input in a different way. Because this is a new
concept and a new tool, directions and sample prompts are included in the sixth section of
this report for those interested in using Al to query these files.

Please note: The same material is available in Appendix A for those that would like to
review it without an Al tool with a couple exceptions: First, the White Paper referenced
above is too long to be included in Appendix B or Appendix C if it is going to be queried by a
free Al chatbot, so that White Paper is only included in Appendix A. Second, pleasantries
have been removed. And third, descriptive information about organizations submitting
comment has been removed because of space constraints.

Finally, in terms of an Al disclosure, the report was not written with Al tools. While this
report leverages an Al tool in Appendix B and Appendix C as described, the author did not
use Al to draft any component of this report.
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SECTION 1 - Overview of Treasurer’s Office Public Engagement

Following the request from the General Assembly, the Treasurer’s Office completed
extensive public engagement to build the foundation of this report about financing climate
infrastructure.

First, the Office advertised and ran four separate Zoom sessions framed to respond to
interests from four broad sectors across Vermont, using the same questions in each
session. Those questions were posted publicly in advance and after the fact on the
Treasurer’s website, and advertising for the sessions included print advertising, social
media, earned media, personal outreach and invitation from the Treasurer’s Office (which
included asking other organizations to share the invitation widely through their networks),
and general invitation from the Treasurer in his remarks at events around the state in the
weeks leading up to these sessions.

The questions developed by the Treasurer’s team focused on three topics, each of which is
included immediately below in italics with the overarching question bolded.

Topic: Why Pursue Federal Funding/Financing? How can we do this in a way that is
more inclusive of local and underserved community priorities?

e How can Vermont be more effective in considering the needs of underserved or rural
communities with respect to making climate infrastructure improvements, such in the
areas of clean energy, weatherization, or climate resiliency in Vermont? For example,
investments in natural solutions for flood mitigation, sustainable agriculture and
forestry, floodplain and wetland restoration and other natural resilience solutions,
energy efficiency and renewable energy. Are you aware of any specific projects and
programs that need to be expanded or more focused on these communities?

e How can we better connect community groups and technical expertise, to mutually
identify needs?

e What do small, underserved, rural communities need to do to pursue these funds? How
do we maximize our ability to do this collectively, without competing with one
another?

o What do you estimate as the total investment amount required by your industry to
support necessary climate infrastructure needs in Vermont? How did you arrive at this
estimate? Alternatively, do you have suggestions on approaches/frameworks to
estimate this need?

Topic: Who is proactively engaged and are there any barriers impeding Vermont’s
efforts?

e Areyou aware of any agency or entity that is pursuing or has recently
pursued/applied for federal funding/financing, private capital, or philanthropic funds
for climate infrastructure improvements, such in the areas of clean energy,
weatherization or climate resiliency? If so, what are the entities and how successful
are they?

o How can we build on these efforts and unlock the door to additional capital import?

e How do we integrate various efforts, so we aren’t competing for time, attention, etc.
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o What are the gaps or barriers in this work?

Topic: What does Vermont need to pursue its share of federal, private, or philanthropic
funds to conduct climate infrastructure improvements?

e How could financing address these barriers experienced by underserved and rural
communities? What other barriers exist?

e What resources (including technical assistance) does Vermont need to pursue that is
currently available through federal funding/financing, private capital or
philanthropic funds and be more competitive?

o What is needed to improve clean energy and resilience project identification and
implementation? How would strategic planning or a focus on coordination among
parties and/or financing entities support project implementation? What entities do
you currently look to (can include your own) for this strategic coordination?

e Are current state agency programs and existing nongovernmental organizations in
Vermont sufficient to achieve these goals or does there need to be a new governmental,
quasi-governmental, or nonprofit to assist in this? What do you envision its role to be
and how would it work with current state agencies and groups?

Second, the Treasurer and team conducted a series of individual stakeholder meetings.
These meetings were driven by either individuals or organizations signaling an interest in
the topic, the recommendations of other organizations about groups the Treasurer’s team
might want to connect with, or the Treasurer’s personal interest and outreach to connect
with a broad range of leaders and organizations across the State.

Third, the Treasurer’s team established a web presence and email that were readily
identifiable on the website and widely advertised. This email was an option for those who
wanted to submit comment but may not have been able to attend one of the four different
online sessions. This was a well-used resource, receiving 39 separate submissions focused
on climate infrastructure financing over about a 6-week period. Some of those submissions
included recommendations for further follow up or stakeholders to seek out, which the
Treasurer’s team has made a priority.

These various inputs, the experience of the Treasurer’s team, and an irregular discussion
group including Representative Kari Dolan of the General Assembly and the Vermont
Housing and Conservation Board (VHCB), helped inform the recommendations in Section 3.
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SECTION 2 - Defining the Goals, Challenge, and Potential Alternative Approaches

Goals

At a high level, the public comment included multiple future-oriented goals for advancing
this effort. The White Paper referenced in the Introduction above articulates five clear
goals underlying the broader effort to coordinate climate infrastructure financing in
Vermont that echoed much of the other public comment:

Greenhouse gas emission reductions;

Adaption and resilience to natural disasters resulting from events like flooding;
Long-term carbon sequestration and storage;

Land conservation; and

Air, water, and soil quality.

A sixth additional goal not included in the White Paper but present in much of the public
comment was cost containment or cost reduction - helping make Vermont a more
affordable place to live by reducing, for example, heating costs. Please note, some public
comment expressed pessimism that these costs would ultimately be reduced through the
clean energy transition.

Within the context of these high-level goals, the purpose of this report is to improve
coordination of climate infrastructure financing, improve the deployment of funds for that
purpose, and maximize the total amount of Federal funding secured by Vermont as a result
of this coordination.

Challenge

The challenge leading the General Assembly to request this report on climate infrastructure
financing is that various actors involved in climate infrastructure financing could be better
organized to effectively:

e (atalogue different funding sources, especially Federal funding, and eligibility in a
broadly accessible way;

e Develop a clear financing strategy for securing funds reflective of Climate Council-
established priorities;

e Exchange information and potentially coordinating applications for Federal funding
across eligible entities or sectors; or

e Deploy that funding in a way that secures the highest possible future value.

There are different approaches to this kind of coordination problem, ranging from the
creation of a wholly new institutions to improved coordination mechanisms. Public
comment from different organizations helps articulate these different potential
approaches.
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Potential Alternative Approaches to Improving Coordination

At one end of the spectrum, within the public comments a few organizations like
Renewable Energy Vermont (REV) advocate for Vermont to follow a path similar to 23
other states and establish a “Green Bank” to coordinate climate infrastructure financing.

A “Green Bank” does not take deposits; rather, “they function like loan or investment funds,
using a wide array of financial tools to support investment in clean energy infrastructure.”!
Green banks have different governance structures across different states - sometimes they
are fully public, stand-alone entities. They can also be quasi-public entities with
independent governance. They are not profit maximizing - they use different tools to
increase the amount of climate infrastructure financing available, sometimes with a focus
on underserved markets.2

This first type of approach, the “Green Bank Approach,” would create a new institution in
Vermont responsible for developing a strategy for climate infrastructure financing,
coordinating applications for Federal funding or other funding across sectors, coordinating
public and private investment, and funding the priorities outlined by the Climate Council.

There are many ways a “Green Bank” could be structured. In addition to a stand along
public entity or quasi-public entity with independent governance, Green Banks could be
established within a Governor’s Office, a Treasurer’s Office, or as a stand-alone non-profit
“Clean Energy Fund.”

A second alternative focuses on the quasi-public concept. Several public comments,
including those from the nine-signatories of the White Paper (Senator Perchlik,
representatives from VHCB, the Vermont Audubon, the Lyme Timber Co., Center for Public
Enterprise, Trust for Public Land, and Quantified Ventures, Vera Bourg-Meyer, and Robin
Jeffers) advocate for this approach. These authors propose “the creation of a
comprehensive financing strategy by a new climate financing entity, most likely a
restructured existing organization with the authority and capacity to coordinate, prioritize,
and guide the state’s efforts to invest in a manner that will achieve meaningful progress in
climate mitigation, adaption and resilience, and to ensure that the state’s more rural,
marginalized, or underserved communities are also benefiting from these investments.”3

The Center for Public Enterprise in an additional, separate submission provides further
support for this approach and names VHCB as the entity best suited to assume the
responsibilities of a Green Bank in Vermont.

A third alternative focuses on augmenting existing institutions without creating a new
Green Bank or Green Bank-like institution. Among the public comment, this approach was

1 National Caucus of Environmental Legislators, Issue Brief: Green Banks, January 6, 2023,
http://www.ncelenviro.org/resources/green-banks-issue-brief/.

2 |bid; see also Weiss, Beinecke, and Bunting, “How a Green Bank Can Drive the North Carolina Clean Energy
Economy,” Nicholas Institute for Environmental Policy Solutions, Duke University, 2020, pp. 9 — 11.

3 Report Appendix A, page 30.
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advocated for by organizations like the Vermont Bond Bank, the Vermont Economic
Development Agency, and the Vermont Housing Finance Agency. These three
instrumentalities formed a partnership called the Public Finance Climate Collaborative
(PFCC) in 2022 because they saw their role as filling market gaps and accelerating capital
deployment in the municipal, commercial, and housing sectors - a responsibility that
became more important with the passage of the Inflation Reduction Act and the availability
of significant new Federal funding sources. PFCC members, as they note in a joint
submission in the public comment, “have already joined the relevant coalitions, submitted
project pipelines, and sought financing from the relevant national entities to support
greenhouse gas reduction projects in Vermont” across the sectors these organizations
serve.* Per PFCC members, their national partners see this partnership as already fulfilling
the role of a Green Bank in Vermont and they advocate against the creation of such a new
entity in Vermont as duplicative.

Also notably, the USDA Rural Development team has provided a $40 million dollar, zero
interest loan to at least one PFCC member already (VBB) and is considering another similar
arrangement with a second member (VEDA) for $10 million.

Rather than create a new Green Bank, the PFCC members advocate “that the Treasurer’s
Office play the role of information clearinghouse, helping make sure that new and existing
Federal funding opportunities are identified and brought to the attention of entities or
state agencies that are the intended recipients.” The PFCC further advocates that the
Treasurer’s Office assume responsibility for the evaluation of supply and demand for
climate-related funding on an on-going basis. The PFCC will act as a kind of shared “front
door” for the state’s climate financing.

Outside the context of the Green Bank discussion itself, other entities like VSECU-NEFCU
note that scaling successful programs, rather than creating new programs, can be a more
efficient approach - and that Vermont does have some successful programs to build on
already.>

Finally, while not a concrete approach itself, the balance of the public input was opposed to
the creation of a new institution in Vermont. In addition to some comments that saw it as
duplicative (like the PFCC), others were simply skeptical that creating a new institution
was necessary or that, if created, it would be able to effectively coordinate the many
existing organizations involved in climate infrastructure financing already. Two comments
also emphasized the idea that creating something new is easy, but reforming institutions to
work well together is what is challenging.

With these different potential approaches in mind, as well as proposals like that in H.586,
“An act relating to flood protection and climate resilience infrastructure and financing,”
the report proposes a different sort of coordination mechanism for improving the
coordination and deployment of climate infrastructure financing in the following section.

4 Report, Appendix A, p. 53.
5 Report, Appendix A, p. 51
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SECTION 3 - Recommendations
This section outlines recommendations for the General Assembly.

Recommendation #1: Use the convening ability of the Treasurer’s Office to organize
a bi-annual half day “Cross-Sector Climate Finance Coordination Meeting” that is
available to the public to watch via livestream. This meeting has a standing agenda and
standing invitations (both of which can always be added to or amended). It would quickly
pull together many of the various actors involved in climate infrastructure financing in a
way structured to identify overlapping interests, create new partnerships, deconflict
duplicative effort, and improve information sharing across sectors.

The fundamental goals of the meeting are to maximize Federal funding applied for and
secured by various public and private entities in the state and to improve coordination
among those same entities and others. This is the “front-door” meeting integrating public,
private, and non-profit entities with each other and Federal funding opportunities. The
meeting would be convened and chaired by the Treasurer and co-facilitated by the
Treasurer’s Office and the Climate Action Office. The standing agenda of the meeting would
include the following:

e Review priorities and projects established by the Climate Council with an
explicit focus on current and potential financing:
o Who is taking or has taken the lead on which aspects of these projects?
o What are the gaps in terms of funding access, need, or clarity needed to
inform future action and reports back to the group?
o Are there opportunities for collaboration that could help reduce future costs?
o What are we hearing on the implementation side (i.e., “these block grants are
unwieldy,” etc.) to inform future action and reports back to the group?

e Standing CAO Report (and other entities as designated by the Chair): Update on
funding sources are available to support Climate Council priorities and drawdown
status of state funding previously allocated to support this work.

e Reportin from all invited parties: What are the challenges, new ideas, or
comments you are hearing that are not covered today but could help inform a future
agenda? Who is not participating in the discussion yet that should?

To evaluate the value of this recommendation, the Treasurer’s Office envisions analyzing
relevant outcomes over time. This may include measures like the following or others:

e C(limate Finance-related Federal funding flowing into the state (overall numbers in
collaboration with the CAO)

New partnerships created as a result of these discussions

New policy proposals surfaced and discussed

Cost savings identified or secured through these meetings

Regular survey of participants: Is this meeting helping clarify roles, highlight
opportunities, and share information about Federal funding programs? Can you
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point to a new partnership, grant application, deconfliction, or piece of information
you learned as a result of this meeting?

e Internal Treasurer team survey: Do the meeting discussions allow new ideas to be
shared, particularly across public, private, and non-profit sectors? Are the meetings
clarifying who is doing what (and establishing regular communication channels)?
Are the meetings helping highlight and deconflict overlapping priorities among
participant groups and accelerate new funding for the State?

Recommendation #2: Coordinate climate infrastructure financing technical
assistance discussions to reduce costs and identify barriers to effective
implementation in a way that complements Recommendation #1. This meeting would
occur twice a year several weeks in advance of the Cross-Sector Climate Finance
Coordination Meeting outlined in Recommendation #1. The meeting is envisioned as a two-
hour discussion of TA providers on the ground in communities and working lands sites
across Vermont that surfaces implementation hurdles that could impact climate
infrastructure financing decisions. The discussion should help inform the agenda for the
Cross-Sector Climate Finance Coordination Meeting. There are several reasons for this
approach:

e Many Vermont communities do not have the capacity to implement climate
infrastructure projects independently, so organizations like the RPCs, PTV, VCRD,
VHCB, VNRC, and more help act as connecters with primarily public and non-profit
resources and at times private sector actors. This meeting should reveal if that is
happening, patterns of problems encountered, and potential solutions for future
discussion.

e Beyond some insight into the barriers to accessing finance for climate
infrastructure projects, these organizations know some of the available funding
options - a regular meeting among this group would help clarify challenges, identify
successes, and grow the knowledge base of all parties on potential funding options.

e It would be valuable to include private sector voices in this meeting - for example,
why did SunCommon or Bullrock Renewables or other entity run into roadblocks in
town X around solar siting, even though the community signaled it was interested
in new community solar or EV charging or another related topic?

The agenda would focus on what people are hearing, what is working, what is not working
at a community or more granular level, ideas for change, and presentations about different
potential funding sources all parties should know about. It should end with an explicit
discussion of potential high-level issues that could be raised at the Cross-Sector Climate
Finance Coordination Meeting.

Recommendation #3: Complete further study of potential Green Bank models across
the United States and the potential applicability of elements of these models in
Vermont. Valuable public comment advocates for establishing a Green Bank or providing
Green Bank-like authorities to existing institutions in the state. Evaluating the pros, cons,

10
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alternative models, and necessary partnerships for the establishment of an effective Green
Bank would take some time to sort out.

While moving immediately to improve coordination of the various actors involved in
climate infrastructure financing using the convening ability of the Treasurer’s Office as
described in Recommendations #1 and #2, the Treasurer’s Office also recommends further
study of Green Bank models across the United States. This study should identify what
elements could be most useful and how those elements could best be structured for
greatest effectiveness in Vermont. Such an approach could also allow for different impacted
organizations and members of the public to weigh in on these elements in the context of a
clear and precise definition of what is meant by Green Bank. This report should also
highlight the value created, the possible trade-offs, and the potential risks of the creation of
a Green Bank in Vermont.

Recommendation #4: Identifying the CAO as the climate infrastructure financing
information clearinghouse. Multiple stakeholders emphasized that a single entity holding
knowledge and information about climate infrastructure funding opportunities would be
helpful to end users and technical assistance providers supporting communities across
Vermont.

Given the central role of the Climate Council and the Climate Action Office (CAO) within the
Agency of Natural Resources (ANR) in leading the prioritization of climate mitigation in
activity, the partnership between the Treasurer’s Office and ANR on this issue, and the fact
that the CAO is already preparing to provide regular reporting on the drawdown of State-
supported climate financing programs, this report recommends explicitly identifying the
CAO as the climate infrastructure financing clearinghouse.

Further, the central role of the CAO in Recommendation #1 helps ensure that the CAO’s
efforts to track the spending of programs the Governor’s team and Legislature have put in
place (i.e., the Municipal Energy Resilience Program (MERP), the Municipal Technical
Assistance Program (MTAP), and various Housing-related energy efficiency or
weatherization programs) will be regularly shared and help highlight financing
opportunities or deployment barriers.

Finally, in the public comment, participants have noted that the scope of climate
infrastructure financing is quite broad, particularly when defined to include energy
efficiency funding programs related to housing renovation or construction. The range of
knowledge required - from Federal programs like the Inflation Reduction Act or the
Infrastructure Investment and Jobs Act, to various State programs on weatherization,
MERP, MTAP or others, to the roles and capacity of Vermont’s implementation architecture
like Regional Planning Commissions or Regional Development Corporations — makes the
CAO an entity well suited for the role. The CAO currently coordinates within State
government through the IABB, though it has fewer formal mechanisms for regular
interaction with non-state entities and the private sector.

11
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Recommendation #5: Establish a credit facility for up to 2.5 percent of the average
daily cash balance of the State to augment existing climate infrastructure and
resilience lending facilities. The Treasurer has the authority to leverage up to 10 percent
of the average daily cash balance of the State, subject to written guidelines adopted by the
Treasurer. This 2.5 percent allocation would come in the form of a low interest loan to an
entity or entities well established in providing green-infrastructure lending programs and
could enhance loan-loss capacity for this purpose. This approach complements efforts to
secure Federal funding, with the low-interest loan readily available to increase the
recipient’s financial flexibility in the near-term.

12
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SECTION 4 - Summary of Public Input

This section provides a summary and categorization of the public input received by the
Treasurer’s Office regarding climate infrastructure financing coordination. The
comprehensive compilation of public input is included as Appendix A.

The Treasurer’s Office received 39 distinct public input submissions - 25 email
submissions and 14 formal letters - as well as about 100 form letters encouraging the
office focus on making Big Oil contribute to the cost of climate infrastructure (rather than,
or in addition to, maximizing Federal funding opportunities).

Categorization
The public input can be broken into the following 9 categories of recurring themes.

Increasing Capacity e For the State, instrumentalities, or other entities to
apply for, secure, and manage Federal funding in a
coherent and coordinated way

e For towns or non-profit organizations to apply for
funding and advance projects

e For towns or other entities to implement new
decarbonization regulations (particularly into
building codes)

e For new cross-municipal supports on a regional level

e To take inventory and monitor GHG levels and related
Federal grant funding received

Regarding Various e Continue or expand solar, EV charging, geothermal

Incentives heat pump, weatherization labor and materials, eBike
purchases at the point of sale, battery backups,
sustainable transportation, mixed use transit-
oriented development, windows and doors, and
sustainable transportation incentives

e Restructure incentives away from rebates or credits
and toward pre-bates or direct funding up front (if
uptake is the goal)

e Concern about misaligned incentives, in particular for
residential transition to solar — how should utilities
be incentivized to respond to such transitions?

e C(Create new Keyline Design incentives or other land
use planning incentives

Use Existing Programs e Many programs work well - i.e,, VSECU’s green
incentive programs or the Public Financing Climate
Collaborative of VHFA, VBB, and VEDA. No need to
recreate the wheel.

e Some programs could benefit from expanded funding
or scope. Named programs include the Municipal
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Energy Resilience Program (MERP), the Municipal
Techncical Assistance Program (MTAP), VHCB's
energy efficiency, conservation, and rural economic
development programs, Payment for Ecosystem
Services efforts, weatherization programs.
o MERP could be expanded to include schools
and non-profits; BGS’s revolving loan fund
could be expanded to serve municipalities.

Green Bank e Many comments focus on using existing institutions -

Considerations i.e.,, PFCC or VHCB or in some comments unnamed
instrumentalities of the state.

e One comment from REV encourages the creation of a
new entity as the Green Bank

e Comments generally focus on the potential expand
public funding sources, rather than looking at
integration across sectors or incentives for private
investment.

e Naming Green Bank responsibilities, even within
existing organizations, could open the door for
additional designations (i.e., State Energy Finance
Institution) that could help drawdown additional
funds.

e Some comments note the interrelated questions
related to a Green Bank, including discerning
purpose, benefits, risks, trade-offs, and long-term
efficacy and accountability.

Maximize Federal e Public comment focused on the Inflation Reduction

Funding Act (IRA), Infrastructure Investment and Jobs Act
(ITJA), and the CHIPS and Science Act

e Asnoted above, multiple comments identified that
Vermont (state, instrumentality, non-profit, or
otherwise) is not staffed to drawdown new Federal
funding effectively or to coordinate that effort across
sectors.

e One comment noted that resilience funding,
particularly from the Disaster Recovery and
Resilience Act (DRRA) is also a resource the
Treasurer’s Office should consider in planning its
coordination effort.

e One comment noted that some kind of public facing
one-pager that explains the various funding sources
would be a helpful education tool (in addition to some
institutional knowledge of these programs within
State government or other entity).
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Look Beyond Federal e In addition to the form letters showing significant

Funding interest in seeking funding from Big Oil companies,
several of these comments note the ongoing lawsuit
run by the Attorney General’s Office.

e Some methods to make Big Qil pay are outlined in one
comment and include fossil fuel subsidy reform,
liability lawsuits, a carbon tax, divestment, and public
pressure.

Concerns e Several comments raised significant concerns about
investing in climate infrastructure or its particulars,
including:

o The cost of new incentives, and the general
transition costs to green energy, are
inflationary and borne often by those not well
able to pay for them.

o Perhaps some of those championing the green
energy transition would be willing to bear
more than their share of the costs?

o Some incentives - like wood burning - carry
environmental costs themselves

o Hybrid vehicles are the only realistic option in
rural areas where there is no charging
infrastructure...can we consider hybrid
incentives at the state level?

o Electrifying transportation infrastructure
causes massive environmental damages. How
are we accounting for that? [speculation -
commenter may mean things like lithium mines]

o Electrification is also creating lots of
hazardous new waste in battery form. What
are we doing about that?

Resilience e In thinking about Federal funding, please also
consider long-term investments in community
resilience. See specifically Vermont H.105 focused on
a “Community Resilience and Disaster Mitigation
Fund”

e Consider the DRRA, as noted above, as another
climate infrastructure funding source

Coordination Questions e Comments focused on multiple potential coordination
challenges:
o Within the State (where the CAO and IABB
have been established for this reason)
o Among instrumentalities like VHFA, VHCB,
VBB, and VEDA.
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o Among non-profits applying for or managing
grants (both Federal and State grants)

o To support businesses, places of worship, rural
electric coops, towns, or other entities that
may be newly eligible to receive funds in the
[RA’s Direct Pay/Elective Pay program

o The potential to coordinate across sectors (all
of the above groups + other utilities and
private actors)

e Asnoted above, the potential role for a Green Bank
(like Connecticut) or Clean Energy Fund (like North
Carolina) to secure Federal funding and coordinate
across entities like those described above.

e The potential role of the Treasurer’s Office or Climate
Action Office)as a (i) coordinator; (ii) information
clearinghouse; and/or (iii) funder for the entities
described above

16



Draft Climate Infrastructure Financing Report->Climate Infrastructure Financing Report and Recommendations.docx

SECTION 5 - Appendices

Appendix A contains all the public input in one consolidated document for reference. That
Appendix is included as a separate attachment with this report.

Appendix B and Appendix C are also separate attachments. They contain the same
information as Appendix A, though the information has been anonymized and reformatted
in a way that an Al-enabled chatbot can query. It has also been broken into two parts - all
emails received are included in Appendix B and all formal letters received are included in
Appendix C. This breakdown is necessary given file size constraints for the free Al service.
As noted in the introduction, these appendices does not include the White Paper submitted
as part of the public comment for the same reason, and pleasantries and organizational
descriptions have been eliminated as well.

The goal of Appendix B and Appendix C is to give interested parties an additional tool to
learn about the different themes and concepts embedded in the public’s input. Because this
is a new concept and a new tool, this section of the report includes directions for how to
use the files in Appendix B and C with a chatbot, some potential prompts to use, and an
important technical note are described here. These prompts are meant as possible
examples only. Those that want to query the public input should of course decide what they
are most interested in learning.

First, the technical note: Because of the large volume of public input the Treasurer’s Office
received, different chatbots are better able to absorb that volume of information. For
example, the popular ChatGPT (or specifically ChatGPT-3.5), which is free, cannot absorb
all the information at one time. A user would therefore need to query many files or have
questions specific to different types of input to effectively use that chatbot.

Instead, this report recommends using Claude2, a chatbot produced by the company
Anthropic. This chatbot is also free and is designed to absorb larger volumes of
information. It can absorb all the public input the Treasurer’s team received from different
submitters divided into the two files of Appendix B and Appendix C. While free, use of the
ClaudeZ2 service does require an email and phone number to register.

Second, to query the chatbot, you will need to upload the file (Appendix B) so the chatbot
can review that information, and then “prompt” Claude2 with questions that reflect your
interests.

e To do this, go to the Claude2 website and register (you will need to provide an email
and phone number)

e Then, ask Claude2 to read the attached file and tell you when it has reviewed (click
on the file icon and upload Appendix B before hitting the return key).

Once Claude?2 confirms it has read the file, consider one of the prompts below or something
of your own. For example, a prompt could be something like any of the following:
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e “lam interested in the type of information included in this file. Could you tell me the
top ten themes that are reflected in the information that makes up this file?”
e “What concept appears most often in this file?”

Again, it is important to note the information in Appendix B and C is actually less than the
information in Appendix A. The use of an Al chatbot here is intended to give those

interested in that public input a new tool to learn and understand the different concepts
put forward by the public.

Thank you.
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1. Northeastern VT Development Association (NVDA)
Treasurer Pieciak,

Funding municipal positions that could be shared between two or three municipalities would
help address capacity issues in the Northeast Kingdom (NEK). Those job descriptions should
include responsibilities related to advancing climate, energy, resilience, and sustainability goals
within their communities and that are aligned with regional and state efforts.

Many thanks for reading this brief and belated feedback.

Allie Webster (she/her)
Energy Planner
Northeastern Vermont Development Association (NVDA.net)

2. CT River Conservancy

Mike,
Thanks so much for the time and creating these forums for discussion to finance climate
resilience. Here are a few thoughts, reiterating what many people on the call mentioned today:

The Connecticut River Conservancy (CRC) is a nonprofit citizen group established in 1952 to
advocate for the protection, restoration, and sustainable use of the Connecticut River and its four-
state watershed. As an organization that manages natural resources projects for landowners,
CRC has noted that the bottlenecks that we run into generally are focused around lacking
organizational capacity to accommodate the already existing funds that we have access to. We
have multiple projects lined up based on communication that has already happened with willing
landowners, and access to the funding streams to do them, but we don’t have the staff to carry
them out — basically managing the projects for the landowners, applying for grants, writing the
RFPs and contracting with designers and construction crews. As an organization, we are
desperately in need of additional funds to increase staff capacity, both in the management of
projects, but also in the administrative management of those larger federal funds and the
associated reporting and auditing required to accommodate them.

We have also noticed the gap in funding needed to do basic education and outreach to help
landowners understand how natural resource projects can create community resilience, and how
to access the funding and technical assistance to implement those projects. Many of the NGOs
and watershed groups in the state are reaching out to do direct community education that can



result in projects — we need additional funds to support organizational capacity around this type
of education and outreach.

An additional very practical gap is that there are not enough nurseries in the state to
accommodate the amount of natural resource projects that are currently being done. We need
someone to be growing more native trees and bushes to supply for restoration projects.

The natural resource-based climate change resiliency work that we do is done in partnership with
the local RPCs, Conservation Districts, watershed groups and other NGOs directly in
relationship with local landowners who are willing to have these projects (such as dam removals,
floodplain restoration, upsizing of culverts, riparian buffer plantings) done on their land. On the
eastern side of the state there is a very collaborative effort to coordinate our work. We often
refer a landowner to another partner that may have more expertise on a particular project, or we
consolidate projects to bundle them to access funding, or if one organization does not have the
capacity to take on a project, we may pass it off to a partner to manage. Information sharing is
done through our DEC Tactical Basin Planners and regional check in meetings.

As a four-state watershed organization, we routinely apply for federal funds through the
Regional Conservation Partnership Program, the National Fish and Wildlife Foundation, the
Long Island Sound Futures Fund, etc., and we are one of the partners working to help stand up
the Connecticut River Watershed Partnership Act. We are a large enough organization to cobble
together multiple federal, state, and private foundation grants to provide match internally for our
work, but we are in a privileged position. Most of the smaller watershed organizations do not
have the internal organizational infrastructure to access federal (or sometimes even state)

funds. Developing a mechanism to pass through federal and state funding to smaller
organizations without too much bureaucracy is key.

Centralizing access to federal and state funds in a way that is easy to access and flexible to use
would help move the money into resilience projects more effectively. To be more effective in
moving state Clean Water Fund moneys out, over the past several years the ANR developed
block grants that consistently go to the same entities to distribute. This mechanism and the
Clean Water Service Providers were put in place to solve the Agency’s struggle with trying to
get grants out and manage them, without being able to hire additional staff to do that. The
process for this is better since the block grants have been established, but it is still complicated
and cumbersome given the small amount of funding provided. CRC has consistently turned to
relying on larger federal grants for a watershed wide approach to do multiple projects over
several years, instead of applying for state funding that has to be focused on one aspect (eg.
Design or implementation) of one project at a time. It would be amazing if the State could
establish a pathway for block grants to be given to the partners already doing the work to use
more flexibly to move multiple projects forward through multiple stages of project
development. Could entities such as CRC, the Conservation Districts, and other NGOs be vetted
through a preferred vendor process for the pass through of larger lump sums for work over
multiple years?

I hope that these comments provide some context from our perspective. I’'m glad to provide
additional information or have a follow up conversation if that seems useful.



Thank you for this effort!
Best,
Kathy Urffer

~N AN~~~ A~~~ A~~~

Kathy Urffer

She/Her/Hers

River Steward, VT

Connecticut River Conservancy, formerly Connecticut River Watershed Council
PO Box 6219 | Brattleboro, VT 05302 | www.ctriver.org

3. Jack Hanson, Burlington
Hi there,
Thank you for the opportunity to give input on how the state can best spend money to address the
climate crisis. I'd be more than happy to elaborate on any of my suggestions below if you'd like.
These are some of my ideas.
1. Green Workforce Development
-Including bonus pay for weatherization workers to ensure that weatherization work pays more
than other home contracting work. (This is important because folks skilled in weatherization are
choosing to use their overall skillset to do easier work for the same pay. Similarly, folks skilled
in home contracting see no need to gain skills in weatherization as they already have as much
work as they want, at the same pay as weatherization, that is more pleasant to do than
weatherization)
2. Sustainable transportation infrastructure, including bus only lanes on major corridors
3. Fare-free, expanded, electric public transportation
4. Larger subsidies at the point of sale for ebikes, as well as greater ebike marketing/advertising

5. Major expansion of EV charging infrastructure

6. Incentives for sustainable, mixed use, transit-oriented development, particularly when that
development occurs on top of existing parking lots

7. Regulatory assistance for communities that adopt stronger building codes/decarbonization
requirements than the state

Thank you for reading!



Sincerely,
Jack Hanson, Burlington resident and former City Councilor

4. Jamie Feehan, Primmer Piper
Hi, Ashlynn,

I am one of those who read of these outreach meetings and signed-up for the business sector
meeting. [ work with a number of local and national property and casualty insurance companies
on legislative and regulatory matters that are very interested in climate impact, both in terms of
the impact on their own infrastructure (such as downtown Montpelier) but also mitigation efforts
or incentives that help states, municipalities and residents invest in readiness for and resilience
from climate impacts. I also work with municipalities (including the City of Burlington) and
electric utilities that are interested in this issue.

Can you please add me and my colleague, Michelle Farnham (copied here), to your email
distribution list going forward? Please let me know if you need anything further from me related
to this request.

Finally, I noticed the slide that identified certain, federal avenues for financing. It may have been
referenced but I nevertheless wanted to bring to your attention the following:

In February 2018, Congress enacted key provisions of the Disaster Recovery Reform Act
(DRRA), comprehensive legislation that created a national strategy for investing in disaster
mitigation and response. The DRRA was part of a larger $81 billion emergency supplemental
disaster relief package. Specifically:

e the provisions amended the Robert T. Stafford Disaster Relief and Emergency Assistance
Act to allow the federal government’s share of the eligible cost of repair, restoration,
reconstruction, or replacement assistance to be increased from a minimum of 75% to
85%.

e The increase in funding is based on incentivizing states to invest in measures that
improve the states’ “readiness for and resilience from, a major disaster.” Most
importantly in the suggested listing of measures, states are encouraged to adopt and
enforce the latest codes and standards for design and construction of residential structures
and facilities.

e Other incentive measures for the states include: 1) the adoption of a mitigation plan; 2)
investments in disaster relief, insurance, and emergency management programs; 3)
facilitating participation in the Community Rating System; and 4) funding mitigation
projects or giving tax incentives to projects that reduce risk.

e Remaining provisions of the DRRA were signed into law in October 2018. These
provisions focused the federal government’s efforts on proactively preparing
communities before the next catastrophe while freeing up new resources for states and
localities to implement and enforce resilient building codes.

o A key provision allows the President to place an amount equal to 6 percent of
annual disaster spending into a new national pre-disaster mitigation account,



providing new resources for states and communities to invest in preventive
measures.

o This fund, called the Building Resilient Infrastructure and Communities (BRIC)
Program, provides resources to assist states, tribal governments, territories, and
local communities in their efforts to implement a sustained pre-disaster natural
hazard mitigation program. For Fiscal Year 2022, FEMA will distribute $2.295
billion in pre-disaster assistance. Enactment of the DRRA represents a major shift
in the disaster mitigation landscape and lays the groundwork for potentially even
larger reforms going forward including forestry management, statewide building
codes, enforcement, education, and certification.

The Community Disaster Resilience Zones (CDRZs) Act of 2022 (S. 3875) requires FEMA to
use data from its National Risk Index to establish CDRZs and designate communities across the
country most in need of mitigation projects. These communities would be assisted in accessing
federal funding for mitigation and resiliency purposes.

Thanks again, and please let me know if you have any questions or comments.

Jamie Feehan

James F. Feehan | Government Relations Director
PRIMMER PIPER EGGLESTON & CRAMER PC

30 Main St, Suite 500 | P.O. Box 1489, Burlington, VT 05402

WWW.primmer.com

5. Paul Perry, W. Newbury

Thank you for requesting input from Vermonters.

1) burning wood for heat has a larger net carbon footprint than propane or fuel oil (not to
mention the particulate matter pollution from burning wood) so why provide incentives for wood
burning appliances? Wood should be used for construction where it will store carbon for at least
another century. Discourage burning wood for heat.

2) a) if reducing greenhouse gases is Vermont’s priority why are the incentives income sensitive?
If the incentives were not income sensitive more people that can actually afford to buy energy
efficient appliances or electric vehicles may choose to do so. We would reach are carbon
reduction goals faster if the incentives were not based on income.

b) what are the current lower income ev purchasers going to do when they need to replace the
battery pack or purchase a replacement vehicle? They won’t be able to do either without more
assistance or they will purchase a used gasoline powered vehicle that they can afford. And then
we will be back to square one : producing more greenhouse gases.

c) why phase out the incentives as the the vehicles become more expensive? Incentives should
be available to all no matter how expensive the electric vehicle is.



d) greater incentives to purchase hybrid vehicles would be more valuable to owners living in
cold rural regions like Vermont.

3) Food for thought: I’m not sure offering incentives for heat pumps is reducing our greenhouse
gases because the heat pumps are installed to reduce carbon produced from our heating systems
but now more electricity is used to also cool houses, a comfort benefit yes, when those houses
did not have air cooling prior to the heat pump installation and may never have installed air
condition if not for the heat pump. ( this happened within my household).

Hopefully this will be helpful in tweaking Vermont’s incentive program aimed at decreasing our
greenhouse gas output as quickly as possible.

Thanks again,

Paul Perry
West Newbury, VT

6. Carl Bayer, Ryegate Energy Committee

Good morning Commissioner - I wanted to be sure that you knew that Global Partners owns P/H
in Newbury on route 302. They have now purchased the Jiffy Marts in Vermont and New
Hampshire and now are Vermont's version big oil in our state. Our committee tried twice to
engage them in getting Phase 3 EV chargers and Patrick Murphy at AOT has also tried twice. In
his last email to me, Patrick said he was making no progress.

I wanted you to know that his fortune 500 company is taking a lot of money out of our state and
is committed to fossil fuels. They won't talk to the Governor,s office. What do you think? Carl

Carl Bayer, Ryegate Energy Committee
Ryegate and Climate Change

7. Sylvie Desautels, Tunbridge

Hello,

Here are my thoughts on how to finance climate change infrastructure. The Utilities in Vermont
have been the winners with huge financial profits AND have largely contributed to the emissions
causing climate warming. It's time to tax those profits and penalise the damage they have
contributed to.

It's kind of a no brainer.
Sylvie Desautels
Tunbridge, Vt



8. Amy Ludwin, Bolton

Dear Treasurer Pieciak, and the VT Climate Finance Team,

Thank you for your coordination of the State’s climate infrastructure financing effort; we need
all the ideas and strategies we can get for financing this crisis in Vermont’s climate
infrastructure; and thanks for gathering public input!

I hope you and your team will take a serious look at what responsibility Big Oil has for the
damage they've caused to our state. How will you consider what they knew about, and when,
and what their legal liabilities are now here in Vermont?

While I understand that most of the focus is on maximizing federal funding, this is a great
opportunity for policymakers to be aware that it shouldn’t just be taxpayers who pay to repair the
damage caused by the changing climate — those Big companies that knowingly had an active
hand in creation of this mess while making billions in profits should pay, too.

Sincerely,
Amy Ludwin. Bolton, VT

9. John Snell, Montpelier

Mr. Pieciak,

With regard to strategies for financing climate infrastructure, I would strongly recommend the
following worthy of investment:

* supporting roof top solar with more incentives, ideally installed in local networks

* continue to support installation of heat pumps and induction stoves

* FULL support of the Weatherization program. I have worked extensively with these programs
all over the country and the one here in Vermont is among the very best anywhere. They need to
be able to count on long term support of both personnel and training funds.

I’d be happy to discuss these thoughts further.
Thank you,

John Snell

Montpelier



10. Deborah Messing, Montpelier
Dear Treasurer Pieciak,

I have been researching just this topic since my town of Montpelier was flooded on July 11, so I
am grateful for the invitation to express my opinions to you

Soon after the “adrenaline phase’” of the flood receded , I began to think how this was not a
“natural disaster” but largely a product of deception and greed on the part of the fossil fuel
companies. Although Vermonters have been incredibly generous in contributing personal money
toward rebuilding, it has become obvious that the monies needed to both recover in the short
term and to plan for the long term far exceed the ability of individuals to cover, and for a state of
our small size and limited resources, to finance.

We must hold these companies accountable and require that they pay their fair share.
While all the profits ($220 billion last year) have accrued to the companies, all of the costs have
been paid by the taxpayers, including, by the way, FEMA.

Different states have followed different routes to finance their climate mitigation efforts.

New York State has decided to amend their state finance law to include a special revolving fund
to be known as the “Climate Change Adaptation Fund.” The bill,

nysenate.gov/legislation/bills/2023/S2129

has passed the Senate and is making its way through the Assembly.They have used the standard
of “strict liability”; that is, that the use of their products was responsible for damages to the
environment.

Companies would be required to contribute to the fund according to formulas assessed by the
state. Advances in “attribution science” using computer technology have allowed accurate
determination of the extent to which the industry, and even individual companies, have caused
the damages that now need to be addressed, and for the future, mitigated.

Penalties for non-compliance would be charged, including liquidating or selling assets.

California has taken a different route, filing a civil case which would create such a fund. A
precedent for that route was established when several California cities sued makers of lead paint
on similar grounds in order to create an abatement fund.In their version of a climate fund, the
state of Maryland has determined that it has the authority to mandate that companies that do
business within the state contribute. It is anticipating that many companies would sue but that
the courts would most likely hold up the authority of the state:

https://www.wmdt.com/2023/03/md-bill-would-create-superfund-for-companies-that-contribute-
climate-change-with-mandated-contributions/




And here in Vermont, a bill to create a Climate Superfund is being introduced to the Legislature.
I hope that you support this and that we can join the other states in this endeavor.

As you must be aware, Vermont already has a lawsuit in the State court, Vt. vs. Exxon submitted
by T.J. Donovan in 2021 and currently stewarded by Charity Clark. If successful, the settlement
could be large; either fines for individual violations of the Vermont Consumer Protection law,
and/or “disgorgement” of any profits realized over the years from the deceptive practices
employed by the fossil fuel companies being sued. Although lawsuits take time, this one is
already 2 years into the process.

Another option is filing a separate suit, based on the specific event of the July 11th
flood. Precedents here include the Oregon suit around the “Heat Dome “ event and the suit by
16 Puerto Rican municipalities around the damages from Hurricane Maria.

I realize that Vermont has few resources that can be devoted to litigation, especially compared to
the deep pockets of the oil/gas companies, BUT possibilities exist to overcome this hurdle:

for example, contingency lawyers, pro-bono or “low-bono” lawyers, and climate philanthropists
who underwrite climate lawsuits brought by states or municipalities. A great source of

information about these options is the Center for Climate Integrity:

climateintegrity.org.

They also have a pdf on their site which tracks the status of climate lawsuits
nationally. climateintegrity.org/cases.

As these initiatives proliferate, whether in the form of legislative acts or lawsuits, Vermont can
learn from other states and, as we move forward, can be a model for other states to follow.

As in the case of the tobacco industry, fossil fuel companies knew about the damage their
products caused; they lied, and they now must be held accountable.
Regards,

Deborah Messing

Montpelier, Vt.

11. Kathy Bizzoco, Vermont
Dear Treasurer Pieciak,

Absolutely, bad long-term planning on the part of the Wrightsville Damn players caused the
flood in Montpelier this summer.



My question to you is, were they naive by failing to anticipate that the United States government
would allow consumers to use a product that not only causes a range of health diseases (placing
an immense strain on our healthcare system),(1) but also causes a range of "climate
disease/disasters?"(2)

No one back in the 1920s could have anticipated all world governments allowing the sale of such
a product. No one could have anticipated the ensuing consumer products created from the initial
toxic product—plastic,(3) and how that plastic would poison and kill a major source of our food
supply(4) further burdening our healthcare system.(5)

The producers of this product knew about its toxic effects at least forty years ago.(6) As far back
as 1943, smog from fossil fuels was so thick in Los Angeles that residents thought they had been
under attack.(7) Not until thirty years later did President Richard Nixon form the Environmental
Protection Agency, which the Supreme Court gutted in 2022.(8)

America needs heroes, now more than ever, to speak for America, our infrastructure and food
supply, to stop the use of this product for the sake of humanity. Do you have the courage to
demand fossil fuels pay for the damage their products have caused Americans, our infrastructure,
and our climate?

I understand the problem is Wall Street. Fossil fuel stocks pay some of the highest dividends, and
are in everyone's IRAs, ETFs, Mutual Funds, and stock portfolios. Everyone holding these stocks
made financial decisions that were not only harmful to themselves but to humanity and our
infrastructure.

When Americans make bad financial decisions, we accept the results—it's called Capitalism. I
am constantly baffled by people concerned about climate change while holding fossil fuel stock.
The disconnect is a bit surreal.

Thank you for your time and consideration.

Kathy Bizzoco
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12. Scott Garren, Cuttingsville

Here are some suggestions.

Carbon tax: A carbon tax is a tax on the carbon content of fossil fuels. It would make
fossil fuels more expensive, which would encourage people to use less of them and invest
in cleaner energy sources. The revenue from a carbon tax could be used to fund climate
infrastructure and other climate change mitigation and adaptation efforts.

Fossil fuel subsidy reform: Governments around the world subsidize fossil fuels to the
tune of hundreds of billions of dollars each year. This taxpayer money could be used



instead to fund climate infrastructure and other climate change mitigation and adaptation
efforts.

o Liability lawsuits: Fossil fuel companies are facing a number of lawsuits from
communities and governments that are seeking compensation for climate change
damages. These lawsuits could force fossil fuel companies to pay for some of the costs of
climate change.

o Divestment: Divestment is the process of selling off investments in fossil fuel companies.
Divestment campaigns have been successful in putting pressure on fossil fuel companies
to change their behavior and to invest in clean energy.

e Public pressure: Public pressure can also be used to convince fossil fuel companies to
help pay for climate change. For example, people can write to their elected officials,
attend protests, and boycott fossil fuel companies.

Scott Garren
Cuttingsville, VT

13. Rev. Kim Hornung-Marcy, Burlington
Dear VT State Treasurer Pieciak:

1.Please come up with loans for green solutions to UMV MED center’s need for more energy
and heat THAT DO NOT involve BURNING ANYTHING. Or just keep the focus on housing
per the Seven Days article on McNeil.

2.There is no excuse for allowing the continued burning of wood in Vermont at this scale at
McNeil, our single largest green house gas emitter in Vermont.

How are we going to meet our emission reductions in Global Warming Solutions act when
strange use of words like renewable and sustainable don’t apply to anything that burns. Calling
them something else and not counting these emissions does not slow climate change.

3.Wood is worse than coal.

It is the MOST toxic for human health and emits huge amounts of toxic fine particulate matter
and other chemicals in the low income neighborhoods of Old North End and Winooski. See
attached excel spread sheet from McNeil. This is what is dumped in our air even with the
Electrostatic Precipitator taking out some of the pollution on their stack. Figures on pollutants
are most accurate for 2020 and 2021 before that they are too low. I ran the numbers by the State
employees who monitor McNeil. The 2020 and 2021 figures for fine particulate matter are the
most accurate because they started counting condensate fine particulate matter—which counts. In
2020-5.6 tons, in 2021 3.5 tons. Medical science recognizes no amount of fine particulate matter
as healthy. That our top Medical Center is ignoring it’s own scientists is disgusting.

3.Also do the math on the C02— 2021 (last full year of emissions) is
906,941,600 Ibs = divide by 2,000 to get tons = 453,470.8 tons of Co2!



Wood emits the most green house gasses per kilowatt hour of energy produced of ANY burned
fuel.

CO2 is CO2 the atmosphere does not care where that CO2 comes from. It is driving the climate
crisis. Which brought us all the suffering this summer of wild fire smoke and flooding and non-
stop rain. We are in a crisis, time to stop burning anything.

4.The best sequester of carbon is a mature tree. Vt native trees take 200-300 years to reach
maturity to call wood “renewable” makes NO SENSE.

Climate Scientists say we only have 5-10 years to turn things around and prevent the worst of
climate change.

5.Time to say and act on "the emperor has no clothes" when it comes to burning anything. It
makes NO sense to replace fossil fuels with renewable gas or biomass (wood) when they emit
the same or worse toxic stuff and green house gasses. And green solutions that are cheaper in
the long run, healthier and reduce green house gasses already exist.

Green solutions exist, IRA has huge pay back and point of sale for non-profits.
If Jay ski resort can put in a green system so can a hospital.

Sincerely

Rev. Kim Hornung-Marcy

She/her/hers

Chair New England United Methodist Conference Board of Church and Society
Member NEAC Climate Care Task Force

Member 350Vt Clean Heat Task force

Member Burlington node 350Vt

14. Joseph Wutzbacher, Waterbury Center

Treasurer Pieciak,

With all the tax increases we have seen and will continue to see, this is just more wasteful
spending. When Vermont legislators get a grip on spending, solving its current problems (taxing
Social Security and retirement benefits, crime, reasons for increasing homelessness, increased
drug abuse, overdoses and so much more) then maybe we can have the conversation about
climate change. In the meantime, let’s be more fiscally responsible and address infrastructure
issues related to severe weather events.

Thank you,

Joseph Wurtzbacher
Waterbury Center, VT



15. Tom Nelson, Putney

Another thing you should do with the IRA money for green tech is purchase battery backup
systems. Like Tesla powerwalls. Then give them to whoever wants one. Doing this would be a
win win win for Vermont as we already generate too much solar electricity to be used as it is
collected. Giving battery backups to people would mean that we can continue to collect more
solar power, convert more homes to electric heat and hot water AND not have to upgrade the
grid to do so! (So I guess that is a win win win win)

As I've said before, just give this tech to people. Don't thwart efforts by trying to create rebates
and tax credits. Just give it to people who will use it. Or at least scale discounts starting
with 100% for people who have household incomes below the median.

Vermont is a bit off our goals because program designs loose sight of their purpose. We don't
have enough republicans in legislature to worry about what anyone thinks about spending. Just
use the money in the most efficient and effective way. Which is to implement the technology
NOW! )

Thank you for your consideration.

Tom Nelson - Putney, Vermont

16. Rep. Katherine Sims, Craftsbury
Hi Folks -

As you dig into long-term financing strategies for funding the climate action plan, I hope that
you'll consider the mechanism outlined in H.105 An act relating to the Community Resilience
and Disaster Mitigation Fund.

The purpose of the H.105 is to create the Community Resilience and Disaster Mitigation Fund to
provide funding to municipalities for disaster mitigation and community resilient infrastructure.
The bill is modeled after legislation passed by Colorado.

As we all know, over the last 40 years, there have been large-scale shifts in weather patterns. Our
state has become both warmer and wetter. Escalating weather extremes have resulted and will
continue to result in increased residential and commercial property losses. From 2010 to 2019,
extreme weather caused $67M in insured losses across Vermont from approximately 12 percent
of all policyholders.

Although State and federal funding is routinely made available to help local communities rebuild
after a disaster, there is no long-term, consistent source of funds to support the investments
needed to prevent disasters from happening and to make local communities more resilient
against future disasters.



What this bill does is establish the Community Resilience and Disaster Mitigation Fund to award
grants to municipalities to provide support for disaster mitigation activities. Those disaster
mitigation measures could include things like grid hardening, slope stabilization, watershed
restoration, drought mitigation, construction of emergency shelters, and similar activities that
directly reduce risks to communities, lives, and property and decrease costs associated with
disaster recovery. Revenue for the fund is generated by increasing the assessment on certain
casualty insurance company premiums. Funding would be awarded to municipalities with
priority for projects that use funding as a match for other grants, projects that are in hazard
mitigation plans, and projects that are in communities identified as high on the municipal
vulnerability index.

Many of our communities are not prepared for the impact of extreme weather. This bill will
provide critical support that ALL municipalities, especially our most vulnerable, can access to be
more resilient against future disasters and climate change. Making these upfront investments will
decrease losses that would otherwise be largely paid by insurers.

best, ks

Katherine Sims (she/her)

State Representative, Orl-4

Serving Albany, Craftsbury, Glover, Greensboro
KatherineSimsforHouse.com

17. Robert S. Childs, Tunbridge

While currently available resources, time and need will ultimately determine our future with
regard to energy it should be up to the inventors, and users of trending technology to pay for it. It
should not be placed on the backs of those that work hard, live within their means and pay their
own bills.

The climate alarmists have duped Vermonters into paying for their attempt to reduce climate
change. Since the beginning of time earth has had continuous changes to its climate. While some
of the most recent changes have been influenced by the increased human population and their
actions, much of the proposed energy changes will contribute just as much if not more to climate
change and negatively impact our environment.

While the current proposals of these alarmists creates a financial cost to Vermonters that is
unsustainable, the climate and environmental impacts of the many changes proposed are
astronomical.

The mining of the materials needed for the production of solar panels and batteries is destroying
thousands of acres of the earths outer crust penetrating hundreds of feet into the surface. Dust



and the massive amounts of toxic fumes emitted into the atmosphere during the mining and
refining of these raw products alone out ways the current carbon emissions. Say nothing about
the labor atrocities occurring in the countries that produce these raw materials.

The waste products of the current proposed electrification of everything are not recyclable and
hazardous to dispose of. Solar farms are creating micro climates contributing much to climate
change within our state and destroying our once beautiful vistas. Current battery design is a fire
hazard that is killing and injuring hundreds as well as creating additional financial burdens on all.

Without a doubt there will come a time that an alternate energy source will be developed that
will meet the needs of Vermonters without the climate and environmental impacts of the current
and proposed energy.

Just as in the 1920’s when there were more electric cars than gas, it was the inventors and users
that ultimately determined the most effective means of utilizing the energy available and where
to apply it. So, too it should be, that the same process be utilized today to meet the future needs
of our citizens.

Robert S. Childs
Tunbridge, VT

18. Kevin Downey, Wilmington
Mr. Treasurer, Mike,

My name is Kevin Downey retired Union Millwright from Wilmington. I'm excited to finally see
an effort to take the Energy Transition seriously. You asked, so here are my ideas for an energy
transition plan.

1. As someone who began his personal transition in '08 by installing a geothermal heat pump
system to replace my propane furnace, I strongly urge some sort of State subsidy or tax credit
formula for homes to tackle such aa project. It's not cheap, but a State assist will bring a larger
number of converts than without the help. As to new construction of homes AND businesses, it
seems some sort of "green mandate" would push those too stubborn to change or hesitant and
uncertain about new green technologies. With new construction, it should be suggested that by
pairing any geothermal system with solar designed into the roof, the owner will save additional
money by buying less energy off the grid. Over a 5 or 10 year period, the savings of $$$ and
cutting greenhouse gases out of the equation will show impressive results in personal pocketbook
savings AND a significant reduction in the State's climate goals of greening the Green Mountain
State.

2. Routes 7, 100, and 5/10, our N/S routes, and 9, 4 and 2, our E/W routes, should be prioritized
to installing strategically placed EV charging stations in preparation for EV adoption here in
Vermont. Perhaps team with the Feds and come up with a plan to do the same thing on I-91, a



true artery of Vermont travelers. Perhaps contracting with cafe' type businesses to occupy these
charging areas to make EV stops to recharge much more relaxing and convenient for their time.

3. There are numerous Vermont roads that have significant acreage on their sides for applying
solar panels for GMPC to tap into for electricity. My 1st thought in this regard is Route 7 out of
Bennington going North. I dare say the miles of wide clearings along 7 would likely generate
several megawatts of power if utilized. I believe the formula for solar is roughly 2 acres
/megawatt, meaning, the hundreds of acres on both sides of Route 7 would generate at least 50
Mw, maybe even more than that. Now that takes a bite out of our State's carbon footprint, doesn't
it?! As it is currently, this fallow land just sits there having to be mowed once or twice costing
the State $$$; why not employ these acres to offset these expenditures, even add $$$ to State
coffers. No brainer to me.

4. While the technology hasn't fully matured yet, thin layer solar is an up and coming technology
that will apply solar to many latent surfaces around us in our everyday lives. Perhaps Vermont
could start a pilot program employing these products and over a years time to determine if it is
indeed something worth investing in. The potential of applying this product to building wall
faces and bridge structure and any inanimate structure with square footage to exploit is vast.

5. Every parking lot in Vermont should have solar canopies over them. My 1st thought on this is
Hospitals. With their enormous use of energy 24/7, and their very large parking lots, building
parking lot canopies would bring major savings to their bottom line. But my design envisions
these canopies as multi purpose, not just solar generation. With these large 'roofs over the area,
You'll have large amounts of runoff during rainstorms. Instead of the rain being directed into the
gutter and eventually the sewer system, the rain water is diverted into a cistern system that would
supplement the Hospital's water use, thereby saving on their water bill's with their host city or
town. This diversion would also have a positive effect of the city's water infrastructure and
supply. Additionally, these canopies would also host EV chargers that could generate more
monies for the Hospital. These canopies would also, by shading the parking areas, lower the
reflective albedo effect of asphalt parking lots "reflecting" heat into the atmosphere raising
ambient air temps that make our summer days that much hotter and uncomfortable. Therefore,
this canopy idea is a multiple pronged positive asset; money generator/saver, water saver, EV
charger, and greenhouse gas reducer. Not just Hospitals; municipal parking lots abound
throughout Vermont. By installing canopies over these as well, I dare say Vermont could
possibly avoid the import of power, certainly importing far less than sans canopy.

Thank-you for a piece of your valuable time, Mike, I appreciate what you're doing by putting out
this request. Someone should have done this long before you. I've formulated these ideas over
the last decade, believe it or not. I've shared them with the likes of Bernie, Leahy, GMPC, and
the Feds too regarding 1-91, all to no avail. As a grandfather of 3 precious children, my purpose
here is to make every effort to save what I can for them and their generational peers. We've
dragged our feet for far too long in regard to climate change, and there is nothing I'd rather do
that to stick it to Big Oil and Big Business in general for their blinders-on attitudes towards those
of us who follow the TRUTH!! If you'd like to further discuss my ideas I'd be more that
welcoming to your emails and/or calls, as I'm an idle retiree. Do have a good Wednesday; hope
to here from you soon.



Sincerely,
Kevin Downey
Wilmington, Vt

PS: I have no scientific background, but I think the simultaneous solar panel absorption/shading
of the pavement thus reducing reflected heat into the atmosphere could be a very big deal. I'd
love someone with number crunching skills to see if this is correct. KD

19. Ed Bonnyman, South Burlington

States can have their own banks. Start a state bank, get nh to start their own bank, loan each other
money at 0.15% or whatever, and you just fractional reserve printed a crapton of money for
yourselves. It is what large private universities do, and the balance sheets cancel basically. This
is how you float bonds essentially, without having to pay usurious rates. It only really works like
this if you issue the loans between entities that have the power to tax, and are large. Dont do this
for municipalities. The catch with this is that constitutionally, for a state, it has to be backed by
gold or silver. Not a big deal though, because youre only loaning between states, in equal
amounts from one state to the other. If you write the loans correctly, if one is callable, the other
is callable, and they cancel.

Separately, you want to build this so that the legislature isnt doing dumb crap with the money
and blowing up the whole system. Idk how you do that without creating a different monster, but
you could probably do some sort of underwriting requirement thing in an agreement with the
other state such that you cant finance dumb things, or things which dont have x return in real
dollars within x years, or something, with no substitutions of arbitrary or semiarbitrary values for
nonmonetary results of projects. While there are a bunch of projects that are good and just and
wise etc etc for the government to undertake, it would be better if they were financed the normal
way so that the infinite free money button isnt an option for them by current or future legislatures
that may decide to be irresponsible. Ie, fund weatherization/efficiency/infra repair etc that has
measurable fuel savings results rather than carbon capture or something. Cant put a true value on
that reliably, even within two orders of magnitude. People have pretended to make such
calculations, but if you dig into them, theyre functionally arbitrary. Given that vt is so small, this
is not something for us to lead on.

Instead, could fund other things like keyline design which have other extremely valuable returns
and which also sequester a stupid amount of carbon. In Vermont, current keyline design results
add about an inch of topsoil per year, more or less depending on location. Would boost ag yields,
lower or eliminate fertilizer use, and reduce runoff sharply from farms, restoring our waters and
making farms more productive, and restore lost ecosystems if patches of hill farming were added
to existing stock of farms. Keyline design makes that viable, and is pretty low cost. Wouldnt
expand ecosystems if most hills were completely farmed, as they were 100 years ago, but some
farms on on some of most hills utilizing keyline design would do that, and considerably faster



than letting beavers go wild (the process before colonization) would do. We’re not going to let
beavers run rampant anyway though because it would trash most of our roads and lots of
people’s property, but some increase of them is desirable, and keyline design would facilitate
that.

Thank you for considering my comments. I will close with the thought that any infrastructure
work that yields 2% or even 1%, or better, *in real terms* indefinitely, is an excellent project.
Consider all of the beautiful Roman infrastructure built 1900 years ago that is still being used
today, or which was still being used 500 years ago. Build things that people will always
appreciate, and build them to last.

Sincerely,
Ed Bonnyman
South Burlington

20. Matthew LeFluer, Alburgh

Greetings

My Name is Matthew LeFluer From Alburgh Vermont and I was suggest an idea when making
climate change funding messaging easy to understand read documentation materials curriculums
one pager / glossary or summary of the individual ask or the Statewide ask of stakeholders
advocates community Partnership climate partnership etc moving forward so accessibility and
accommodation would be helpful for individuals with disabilities and other specific learning
needs.

I think this is very exciting and the perfect opportunity to design programs that work. What I
mean by that is that many programs miss their goals by attempting to make participants liable for
some of the cost of the products and services. In my opinion, that is a foolish way to design
programs. Programs, instead, should focus on function and meeting goals. If those goals are
decarbonization and efficiency, then apply the money directly to those efforts. Give everyone the
opportunity to participate by making products available to them directly, without discounts,
rebates, tax credits... etc..

So, if working with VT companies is important. Then give money directly to those companies in
exchange for their services. For example, you could give $1 million to a local HVAC company
to install 200 heat pumps. Then the company just says to the public "hey we have free heat
pumps, who wants one?" Do the same with solar installers, power storage, e bikes, electric cars,
weatherization... just use the money and get it done!

21. Isaac Evans-Frantz, Vermont



Hi Mike,

Hope you're doing well. Thanks for asking for ideas about climate finance. I'd like to ask you to
recommend creation of a climate superfund. We need large-scale action to protect people who
are most vulnerable.

Thanks for thinking ahead on this,
Isaac

Isaac Evans-Frantz
1saacforvermont.com

22. Catherine M. Nelson, Vermont

My husband and I couldn't have purchased solar panels without the special financing available,
now some years ago. | advocate more of the same and even more help for low-income families
who can benefit more from lower electric bills.

Without those solar panels, I can't be sure that I would have installed mini-split heat pumps this
year. I'm counting on a lower propane bill this winter and an overall lower energy bill because of
solar panels.

We also had a lot of new insulation installed, and I've replaced windows and doors. For some
people, these costs would be overwhelming, yet they are money-savers over time. Assistance
with such expense needs to be another route to ameliorate climate change and help people live
more cheaply.

Ultimately, I think all the things I've mentioned will benefit Vermonters and the state of
Vermont.

Sincerely,
Catherine M. Nelson

23. Phil Harrington, Bolton

Hello,

It should be noted that not all households currently have electrical service to their house. I
recently built a small house in Bolton but Green Mountain Power was going to charge an
exorbitant price of $20,000 to install the power service, compounded by the fact there is a 30%
state tax on new power services. This made it too expensive to do. I instead use a few solar
panels to charge a couple batteries but mostly a fossil-fuel generator for my electricity.



The State should instead give a 30% tax CREDIT for new power service so my family can enjoy
reliable electricity and can participate in the green energy movement, rather than using a fossil
fuel generator.

Thank you,

Phil Harrington

24. Jeanne and Kurt Norris, East Berkshire
Mr Pieciak,

The best thing Vermont can do to help VERMONTERS, is not to make our fuels so expensive!

Last year we paid more for heating our house then we have Ever paid!! We have been here since
19921

We are not rich, and are trying to get by as best we can. Both my husband and I have fixed
incomes we have tried our best to scale back so we can afford to live in Vermont, but we are
getting down to the wire! There is not much left to cut!! Please please do whatever you can to
help VERMONTERS like us!! Everything has gone up ! But not the amount of money we have
to get by! I am all for green energy, but Sensibly spaced out so people don’t get hit in the face
over and over again!!

Thanks for your time

Jeanne and Kurt Norris
East Berkshire, Vt.

25. Sara Boucher, Williston

I read the article on WCAX.com about this office getting green energy ideas from

Vermonters. We have solar energy at our house, and could not be happier. We have not had an
electric bill in 10 years, and use electric heaters, and our wood stove in the winter to keep our oil
usage to a minimum.

Here are some of my ideas that I preach to my husband constantly:
1. All new buildings should be required to be solar. Particularly industrial or public

buildings. I think it is an outrage that the new State Police building in Williston has no solar
panels. And the parking lots at 'park and rides' could have awnings of solar panels (what a great
thing to have covered parking!).

2. We live in Williston (luckily on the Vermont side, not the New Jersey side), and I find it
such a wasteland of flat roofed buildings that could all be used to hold solar panels that would
generate more than enough electricity for their own buildings and more.



3. There was such attention to the new development in South Burlington that will be designed
as energy efficient/solar. However that is only one of probably 5 new developments going up in
South Burlington. And many of the apartment buildings going up are flat-roofed- and could
support solar panels on the roofs. Lost opportunity and wasted space.

Thanks for listening,
Sarah Boucher
Williston VT
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November 3, 2023

State of Vermont, Office of the State Treasurer
Attn: Treasurer Pieciak

Office of the State Treasurer

109 State Street

Montpelier, VT 05609

Green Finance Recommendations to the Vermont State Treasurer
Dear Treasurer Pieciak,

The Center for Public Enterprise is grateful for the chance to submit comments in the stakeholders’
process launched to comply with the legislature’s mandate to coordinate the State of Vermont’s climate
infrastructure financing efforts with a view to submit recommendations to the Vermont legislature
before January 15, 2024.

The Center for Public Enterprise is a non-profit think tank based in Vermont and New York that
specializes in building the capacity to accelerate publicly financed housing and energy development.
The authors of this letter are experts in energy project financing and in Inflation Reduction Act

implementation, particularly with regards to the Act’s elective pay provisions.

We wholly endorse the creation of a statewide green finance entity to meet Vermont’s mitigation,
adaptation, and resilience needs by mobilizing sources of private, philanthropic, and public funding at
scale and in a coordinated manner. To that end, our letter focuses on two topics: (1) the need for
Vermont’s climate financing entity to be housed within an existing state financial institution
and (2) the kinds of functionalities and capabilities this entity should have in order to meet
the state’s climate, equity, and community development missions. Our Appendix provides more

detail into our arguments on both these topics.
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(1) Deploying an Existing State Financial Institution

Vermont’s climate financing entity should be more than just a financial institution. It must be an
entity that can balance complex public goals, empowered to coordinate among state, nonprofit,
private, and community actors to achieve those goals. To that end, this entity must be a public entity

housed within an existing state instrumentality like the Vermont Housing & Conservation Board.

A public financing entity with a public mission, accountable governance structure, and sufficient
financial and technical capacities can avoid excluding vulnerable, particularly rural, communities and
displaced workers. Direct affiliation with and accountability to state leaders ensures that it can

internalize legislative mandates and prioritize equity goals.

A public financing entity can coordinate among Vermont state institutions, federal financing programs
(e.g., Solar For All), nonprofits, and philanthropies to meet economic development goals, provide
technical assistance, and target financial support toward vulnerable communities. As a central
coordinator of both financing and administrative programming, the entity can more easily integrate
and balance climate, development, equity, and justice goals by aligning the missions of its partners to
Vermont’s climate planning and goals. And as a state instrumentality, it can be designated as a SEFI, or

state energy financing institution, making it eligible for federal loan guarantees from the LPO.

This central coordinator function allows the public financing entity to build administrative capacity
within Vermont’s state government to plan and execute the kinds of complex legal, procurement, and
financial activities needed to prepare clean energy and nature-based resilience projects, mobilize

investment toward them, and provide support to vulnerable communities.

A public financing entity can already take on more risk and undertake longer-term investment plans
than its private and nonprofit counterparts could, especially by making use of the existing
creditworthiness of the Vermont state government when issuing bonds and providing credit
enhancements. As a centrally coordinated institution for raising public finance for green investment,
this entity avoids the transaction costs associated with raising funds for state investment needs outside
state financial instrumentalities. It may also be eligible for particular federal benefits or programs

geared toward state instrumentalities, such as SEFI lending, the elective pay credits, and Solar for All.

Center for Public Enterprise
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A nonprofit housed outside the Vermont state government apparatus will have a harder time executing
these functions because it would lack the convening authorities and public mandates necessary to work
with the many instrumentalities that currently undertake lending or investment programs. It would be
less accountable to the state, legislature, and communities; less able to coordinate the expertise and
financing sources required to meet these goals; and would place the administrative capacity needed to
manage a complex green transition process outside the state government. It is also likely that a
nonprofit would be less able to utilize certain financial tools or would eventually have to be empowered
by state legislation to use those tools anyway. Empowering an existing entity that already has experience

with some of these tools will save valuable time.
(2) Potential Capabilities and Functionalities for a Climate Financial Institution

We believe a public green financing entity must be able to exercise certain capabilities and
functionalities in order to deliver on climate and community development goals. Below, we describe
some of the most necessary capabilities and functionalities. This list is not exhaustive—see our
Appendix for a more detailed list—but we believe it allows stakeholders like your office to better
understand what a green financing entity is capable of doing and why empowering one with these

functionalities can serve public goals.

This public green financing entity should seek not simply to access funds, but to design and deploy
innovative financing tools to leverage all available forms of capital to meet the state’s climate and just
transition goals. Such tools include but should not be limited to: co-financing alongside other
investors; issuing concessional loans; building loan underwriting capacity; providing short-term
construction bridge financing; deploying revolving funds; offering credit enhancements like loan
guarantees, loan loss reserves, first-loss guarantees, and interest rate buydowns; buying out private
developers’ stranded projects; making equity instruments and swaps (debt-to-equity and debt-to-grant
swaps); warehousing assets and securitizing them; monetizing tax credits through the Inflation
Reduction Act’s elective pay provisions; centrally procuring key project inputs through bulk orders;

allocating grants; and developing partnerships with state universities.

Tools like concessional loans and credit enhancements, enable the entity to mobilize and complement
private investment. And other tools such as providing short-term construction bridge financing,
perhaps through a revolving fund, and executing bulk orders for key input materials empower the

entity to do what the private and nonprofit sectors cannot do at reasonable cost. Ensuring that the

Center for Public Enterprise
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entity can securitize and warehouse assets, deploy revolving funds, and buy out stranded projects also
allows it to become a financial backstop and central counterparty institution for green investment
across the state. And loan underwriting capacity is absolutely essential for building the entity’s capacity

to develop close working relationships with borrowers, particularly to assess their creditworthiness.

And partnerships with state universities can serve a key capacity-building function: close collaboration
builds a pipeline of interested students, researchers, professors, and workers whose scientific, business,

policy, and technical expertise can be directed toward state climate investment goals.

On top of the above functionalities, such a public green financing entity should support project
preparation and pre-development activities, including site identification, contract structuring, tax
credit and elective pay advisory work, project labor agreement and community benefit agreement
advisory, and other forms of technical assistance as necessary to meet Vermont’s needs. This kind of
coordination work is not easily executed by private or nonprofit stakeholders; undertaking it allows the

public green financing entity to build key technical assistance and political coordination expertise.

Building these capabilities is critical given today’s market conditions and private investor hesitance to
commit to large capital expenditures. These capabilities also generate positive externalities. For
example, by creating steady demand for construction work, a public green financing entity will
decrease volatility of construction costs and supply chains for 2// capital investment statewide while

backstopping the work of civil engineering firms, which stakeholders are worried will leave Vermont.

Our Appendix has a more detailed explanation of how these functionalities work and how
empowering a state financial institution to deploy them will serve Vermont’s climate and just transition

goals.
Thank you for taking the time to read our letter, and thank you for your leadership in driving this
process forward to ensure that Vermont becomes a leader in nationwide efforts to establish

high-quality, transformative green financial institutions.

Yours truly,

The Center for Public Enterprise

Center for Public Enterprise



Contact:

Advait Arun, Energy Policy Associate
advaitarun@publicenterprise.org

Chirag Lala, Energy Policy Director
chirag.lala@publicenterprise.org

Appendix: Additional Resources
1. DPotential Functionalities and Structural Goals for a Vermont Green Bank | Center for Public
Enterprise
2. State and Local Government and the Formation of Green Banks | David Wood & Jordan
Haedtler
3. Letter to VT Treasurer’s Office | Vero Bourg-Meyer
4. Letter to VT Treasurer’s Office | Authors of July 2023 whitepaper

Center for Public Enterprise


mailto:advait.arun@publicenterprise.org
mailto:chirag.lala@publicenterprise.org
https://docs.google.com/document/d/1t-Jhx6tq1G-LWdTBWuNyTAbo_llbTZOG38fJr5nAlqg/edit
https://docs.google.com/document/d/1t-Jhx6tq1G-LWdTBWuNyTAbo_llbTZOG38fJr5nAlqg/edit
https://assets.bouldercounty.gov/wp-content/uploads/2022/11/Green-Bank-Framework-Boulder-County.pdf
https://assets.bouldercounty.gov/wp-content/uploads/2022/11/Green-Bank-Framework-Boulder-County.pdf
https://drive.google.com/file/d/1tT-5clNzwhF2QZvqTCQ0UqPfCLTzxN85/view?usp=sharing
https://drive.google.com/file/d/1Zk0-1NG3y_52kkbjFjg7l86zNVqrvzRr/view?usp=sharing

Overview of the Vermont Soil Health Trust

The goal of the Vermont Soil Health Trust (the Trust)is to support the transformation of farming in
Vermont toward dramatically improved environmental and financial performance. The trust will
achieve this goal by helping farmers transform their operations to build soil healthand pay farmers for
the environmental benefits that their healthy soil creates. Initially, the Trust is focused on dairy farms
because they arein a financial crisis and they are facing pressure toreduce their environmental impact.
However, other types of farms could and should also be included.

There are many ways to improve soil health. Although not prescriptive on specific practices, the Trust is
focused on the concept of “all-in soil health” which is achieved by stacking multiple agronomic
practices in appropriate combinations, such as cover crops, no-till, and soil-conserving crop rotations,
or through well-managed grazing systems. This approachis known as “regenerative agriculture.”
Regenerative agriculture can generate several crucial ecosystemservices (ES), such as mitigating global
climate change, improving water quality, and reducing the severity of flooding events. Regenerative
agriculture can improve soil productivity and reduce costs of production, which will improve farm
financial performance and resilience. As more farmers realize the benefits, regenerative agriculture will
become an on-going and permanent approach and adoption will increase.

Regenerative agriculture produces improved water quality, carbon sequestration and flood resilience.
These ESs are of great and increasing value to society and paying farmers is a very cost-effective wayto
secure them, as well as the rural community benefits that a healthy farm sector provides. Many farms
will need to transform their production systemto deliver these ESs. Transformation can be risky and/or
expensive and farms are likely to need financial and technical support.

To help build and maintaina healthy farm sector in Vermont, the Trust would provide coordinated
financing and technical assistance (TA)tofarmers interested in transformation, as well as ES payments
to any interested farmer based on quantified outcomes. For maximum effect, the Trust would operate
two related funds:

¢ TheOutcomes Fund wouldimplement one or more pay-for-performance (PFP) programs that
provide the framework, metrics and tools to quantify the relevant ESs and pay farmers for what
they produce. The Outcomes Fund would aggregate carbon and water quality credits and
market them through all available channels. Revenue from credit sales would be usedto reward
more farmers for environmental outcomes.

e TheFarm Transformation Fund would provide interested farmers with the financial and TA
resources necessary toachieve all-in soil health. A TA team of agronomy, dairy/livestock, and
farm finance experts would work with each farmerto develop a farm transformation plan. Each
farm-specific plan would contain estimates of productivity and financial performance, as well as
ES generation. Improved profitability and divestment of unnecessary equipment would free up
cashfor new investment. Debt restructuring may be necessary for some farms. The projected
flow of ES could inform financing terms and justify public investment in the transformation.

The environmental, rural community, and farm financial benefits produced by the Trust could generate
significant interest from the private sector. Based on its success, the Trust will also seekto harness
funding and financing from impact investors, as well as companies in the supply chain.

Produced by Jonathan Winsten and Sarah Andrysiak as part of project titled Coordinating Public and
Private Funding with a Science-Based and Stakeholder-Driven Pay-for-Performance Conservation
Approach. Funded by USDA-NRCS under Grant Number: NR191644XXXXG002.
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October 27, 2023

State of Vermont Office of the State Treasurer
Attn: Treasurer Pieciak

Office of the State Treasurer

109 State Street

Montpelier, Vermont 05609

Re: Comments pertaining to Vermont’s climate infrastructure coordination efforts

Treasurer Pieciak,

It is our great pleasure to offer these comments in the stakeholders’ process launched to comply
with the legislature’s mandate to coordinate the State’s climate infrastructure financing efforts
with a view to submit recommendations to the Vermont legislature before January 15, 2024.

The authors, a group of individuals with experience across a range of disciplines relating to green
finance, forest conservation and watershed protection, regenerative agriculture, and ecosystem
protection, drafted a white paper in July 2023 proposing the creation of a comprehensive
financing strategy by a new climate financing entity, most likely a restructured existing
organization with the authority and capacity to coordinate, prioritize, and guide the state’s
efforts to invest in a manner that will achieve meaningful progress in climate mitigation,
adaptation and resilience, and to ensure that the state’s more rural, marginalized or
underserved communities are also benefiting from these investments.

The paper is summarized below for your consideration during the stakeholders’ process, along
with additional thoughts on the type of activities that could be investigated by the State team as
part of the development activities of a comprehensive and unified climate finance strategy. The
white paper is available in Appendix 1 below.

Vermont needs a comprehensive climate financing strategy developed and implemented by a
broad group of stakeholders to enable the state to achieve related and overlapping climate,
energy, and environment-related goals. A climate finance strategy is immediately needed
because we are missing opportunities to leverage available public, private, and philanthropic
funding sources, including financing, to support the coordinated and targeted deployment of
climate mitigation, adaptation, and resilience solutions.

To successfully leverage the myriad existing sources of federal, state, local, private and
philanthropic funds, and support the implementation of climate mitigation, adaptation and
resilience projects to the measure of our ambitions, the state of Vermont must provide the state
infrastructure with adequate and sustainable funding sources and the human resources to seek
and deploy funds.



This is particularly necessary to help the rural, marginalized, and underserved communities
benefit from once-in-a-generation levels of investments in climate mitigation, adaptation and
resilience from the federal government, a fact made all the more visible as we witness the
recovery from the 7/11 flooding.

In addition to the obvious benefits of bringing a maximum amount of funding to VVermonters in
need, growing in-state climate financing would support a vibrant workforce, and economic and
job opportunities for all Vermonters.

Investing in both mitigation (e.g., low-carbon energy generation, weatherization, or
conservation) and adaptation and resilience activities (e.g., watershed management, ecosystem
restoration) is a necessity for the state to meet our climate goals, and to improve community
resilience to future flooding and other hazards, contributing to public safety, and the health and
wellbeing of our communities.

Multiple gaps need to be addressed in our current approach. First and foremost, the state lacks a
comprehensive strategy and no institution has clear authority, agency, and staffing to lead the
development of such strategy. Progress does not happen in a vacuum; what the state needs now
is clear vision, and the leadership to confer that authority and agency to a dedicated team. That
team would:

- Coordinate existing state agencies and instrumentalities, funds, and initiatives to achieve
broad strategic goals;

- Develop comprehensive, transparent, and iterative investment plans;

- Make use of federal financing programs and technical assistance, avoiding missed
opportunities to secure financial support and achieve complementarity with other public,
private, and philanthropic partners; and

- Respond quickly to the needs of the market, and of Vermonters, including underserved
communities, to urgently address the climate crisis.

The quasi-public agency or fund that is reorganized to define such strategy along with
stakeholders, and proactively and forcefully organize Vermont’s climate finance programs for
mitigation, adaptation and resilience actions should meet project developers’ specific financing
needs with creativity and flexibility. It should seek to develop its own administrative capacity as
well as that of all of its in-state partners, and offer a range of new programs and products or seek
additional funding for existing successful programs that could be made more impactful with
adequate funding sources.

The organization should seek not simply to access funds, but to use innovative financing tools to
leverage all forms of available capital to meet the state’s climate and economic goals. Such tools
include but should not be limited to: co-financing alongside other investors; issuing concessional
loans; building loan underwriting capacity; providing short-term construction bridge financing;
deploying revolving funds; offering credit enhancements like loan guarantees, loan loss reserves,
first-loss guarantees, and interest rate buydowns; buying out private developers’ stranded
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projects; making equity instruments and swaps (debt-to-equity and debt-to-grant swaps);
warehousing assets and securitizing them; monetizing tax credits; allocating grants; and
developing partnerships with state universities.

In addition, such an organization should support project preparation and pre-development
activities, including site identification, contract structuring, tax credit and elective pay advisory
work, project labor agreement and community benefit agreement advisory, and other forms of
technical assistance as necessary to meet Vermont’s needs.

Areas in need of investment are plenty. Most urgently, the state has a duty to mitigate
greenhouse gas emissions through increased adoption of efficiency measures and renewable
energy, but also to reduce the substantial costs associated with the damages and economic
disruption that follow natural disasters through nature-based solutions. Long-term carbon
sequestration and storage, land conservation, air and water quality, soil health, and working
landscapes are all areas dear and near to Vermonters’ hearts that tax funding alone will not be
sufficient to address.

Lastly, we urge the state to accelerate priority projects in rural, underserved, and disadvantaged
communities and empower communities to take action to achieve a more climate resilient future
through a climate-oriented economic development and redevelopment.

Thank you for your leadership.
Warmly,

Vero Bourg-Meyer, resident of Montpelier, VT

Robin Jeffers, independent Consultant, BOD- VT Regenerative Agriculture Ctr
Chirag Lala, Energy Policy, Center for Public Enterprise

Trey Martin and Katie Michels, Vermont Housing and Conservation Board

David K. Mears, Executive Director, Audubon Vermont

Andrew Perchlik, State Senator, Washington District

Shelby Semmes, Vice President New England, Trust for Public Land

Peter Stein, Managing Director, the Lyme Timber Company and resident of Norwich, VT

Tee Thomas, Vice President, Quantified Ventures



Appendix 1: Establishing a Comprehensive
Climate Financing Strategy for Vermont -
July 21, 2023

Authors

The list of undersigned individuals have experience across a range of disciplines relating to green
finance, forest conservation and watershed protection, regenerative agriculture, and ecosystem
protection. We share a common interest in helping the State of Vermont achieve its climate and
environmental goals through a coordinated investment strategy supported by public, private and
philanthropic sources. This white paper provides background and summary of our conclusions
formed over the course of discussions, research and partner engagement over the past six
months. We offer the following information in support of the State of Vermont Treasurer’s
Climate Infrastructure Financing recommendations, due to the General Assembly in 2024.1
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! Language from the Fiscal Year 2024 State of Vermont Budget: Sec. E.131 TREASURER CLIMATE INFRASTRUCTURE
FINANCING 10 COORDINATION 11 (a) The Treasurer may use funds appropriated in fiscal year 2024 to coordinate the
State’s climate infrastructure financing efforts. Use of funds can include administrative costs and third-party consultation. The
Treasurer shall collaborate with, among others, the Vermont Climate Council, the Agency of Natural Resources — Climate Action
Office, the Public Service Department, Vermont members of the Coalition for Green Capital, and the three financial
instrumentalities of the State to create a framework for effective collaboration among Vermont organizations, agencies, and the
financial instrumentalities of the State to maximize the amount of federal Greenhouse Gas Reduction Funds the State may receive
and effectively coordinate the deployment of these and other greenhouse gas reduction funds. The Treasurer shall submit
recommendations to the General Assembly regarding legislation for Vermont’s climate infrastructure financing on or before
January 15, 2024.
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Overview

A comprehensive climate financing strategy developed and implemented by a Vermont climate
center? with input from stakeholders will enable Vermont to achieve a broad range of related and
overlapping climate and environment-related goals including the following:

- Greenhouse gas emissions reductions;

- Adaptation and resilience to natural disasters resulting from climate change such as flooding;
- Long-term carbon sequestration and storage;

- Land conservation; and

- Air and water quality, and soil health.

A climate finance strategy is needed immediately because we are missing opportunities to
leverage public, private and philanthropic funding sources available to support coordinated and
targeted financing and deployment of climate mitigation, adaptation and resilience solutions.

Further, Vermont is already experiencing the impacts of a changing climate, such as the severity
and frequency of severe weather events, heat waves and droughts, economic hardship in
managing our working lands - our farms and forests - public health risks, and impacts to the
health of our ecosystems. These impacts are disproportionately affecting rural and underserved
communities and, as the recent impacts of severe flooding on our roads and downtowns reminds
us, our community and economic infrastructure is also at risk. As we invest in carbon mitigation
efforts to curb emissions, we must also invest in actions to help our human and ecological
communities adapt in order to become more resilient.

2 For short-hand purposes, our group frequently references such a climate finance center as a “Green Bank”. We use the term
“green bank” in this case to refer to the type of quasi-public entity created by the State of Connecticut, not a commercial “bank”
in the common use of that term. Vermont may decide on a different type of entity, or a different name. This entity could be a new
entity, or result from a restructuring or enhancement of an existing entity.
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Background

State of Vermont Plans and Strategies

Vermont’s climate mitigation, adaptation and resilience commitments require greenhouse gas
emission reductions across all major sectors, as well as improvements in adaptation and
resilience statewide. Relevant to this need, Vermont already has the following plans and
strategies in place or under development:

Statutorily required greenhouse gas emission reduction goals along with a Climate Action
Plan to achieve those goals (Vermont Global Warming Solutions Act of 2020 -- Act 152)
o Climate Council of stakeholders to offer on-going public engagement in support of
this work
o Climate Action Office within the Vermont Agency of Natural Resources supports
monitoring, assessing and tracking climate-related activities
- 2022 Comprehensive Energy Plan to ensure that, among other goals, Vermont meets its
energy needs in manner that will meet greenhouse gas emission reduction goals;
- State Hazard Mitigation Plan that identifies strategies to help build more resilient
communities
- Vermont Agriculture & Food System Strategic Plan, 2021-2030 to revitalize Vermont’s
agricultural economy in the face of climate change
- Community Resilience and Biodiversity Protection Act of 2023 (Act 59) creating a statutory
framework and mandated public process to oversee conservation and land protection goals
- Public Financing Climate Collaborative made up of the state’s financing instrumentalities to
help support the financing as projects develop.

What is missing, and what we propose, is the creation of a comprehensive financing strategy by a
new climate financing entity, which could be a new or restructured organization to function in
the same manner as the State of Connecticut’s Green Bank. This new or restructured
organization would have the authority and capacity to coordinate, prioritize and guide the state’s
efforts to invest in a manner that will achieve meaningful progress in climate mitigation,
adaptation and resilience, and ensure that the state’s more rural, marginalized or under-served
communities are also benefiting from these investments.

Vermont’s Landscape

Vermont is a rural state with a working landscape of farms and forests, surrounding compact
town centers and villages largely built along or at the confluence of major waterways. Over 75%
of the state is in forest cover, and nearly 20% is in agriculture (crop and pastureland). The
economic, social, carbon storage and sequestering capacity, and ecological importance of
Vermont forests cannot be overstated. In fact, Vermont’s forests sequester four times the amount
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of greenhouse gas emissions that vehicles emit in Vermont, and our forests, floodplains, and
wetlands, where they have been protected, provide critical protection to our built landscape.
Vermont has a tremendous opportunity and obligation to invest in both emissions-reducing
solutions and practices that improve long-term carbon sequestration and storage in the
agriculture and forestry sectors, as well as prioritizing investments in conservation and land
protection that achieve the multiple goals of flood resilience, water quality, and ecosystem
functions and services (including habitat protection, species passage and connectivity).

Nature Based Solutions

The 2021 Vermont Climate Assessment recommends nature-based solutions as proven, low-cost
strategies for climate adaptation and resilience. For this reason, the Vermont “Initial Climate
Action Plan” issued in 2022 includes recommendations for nature based solutions. Such
investments in our farms, forests, and natural-based solutions are not only cost-effective in
helping Vermont make progress in meeting its climate mitigation, adaptation and resilience
objectives, but these investments support a whole host of other benefits such as economic
vitality, enhancement of local food systems, improvements in clean water and clean air,
improvements in ecosystem functions, and access to recreational and open spaces.

Finally, as noted above, Vermont has just enacted Act 59 of 2023 (aka H.126 or 30x30), an act
relating to community resilience and biodiversity protection. This first-in-the-nation legislation
mandates a comprehensive, multi-year strategic planning process to prioritize investments that
support carbon sequestration and storage, enhance climate resilience, sustain working lands,
conserve biodiversity and maintain ecosystem functions. A comprehensive climate financing
strategy is a necessary component of this process, and will enhance the state commitment to
maximize these important public benefits.

Funding Opportunities

Establishing a comprehensive strategy will help Vermont pursue its share of the substantial
amount of federal funding that is available now and over the next four to six years, including:

- Federal Inflation Reduction Act (IRA): Includes a Greenhouse Gas Reduction Fund that
provides $27 billion in direct or financing support to reduce greenhouse gas emissions, with
40% of those funds dedicated to low-income and disadvantaged communities. Includes
increased funds for climate mitigation (through carbon sequestration and storage) and to
achieve greater climate resilience of our working lands.

- Tax Credit Features and Adders in the IRA, including Elective pay: Broadens the range of
actors that can benefit from tax credits such as Vermont state and municipal governments,
nonprofits, and tribal governments to claim payments from the IRS on decarbonizing
investments that they own, and operate, and provides additional funding for projects that




meet certain additional requirements, e.g., domestic content or location in disadvantaged
communities.

- IRA and Farm Bill: Contains an additional $1.4 billion for the Farm Bill’s Agricultural
Conservation Easement Program.

- Federal Land and Water Conservation Fund, Forest Legacy Program: Is now permanent,
containing $1 billion annually for working forests.

- Federal Infrastructure Investment Jobs Act (or the Bipartisan Infrastructure Framework,
BIF): Adds $2.34 billion annually for each water infrastructure state revolving fund (SRF) to
support both gray and green infrastructure.

- Federal Emergency Management Agency (FEMA) Building Resilient Infrastructure and
Communities (BRIC) program: Contains a greater focus on improving climate resilience.

In addition to direct investment into climate mitigation, adaptation and resilience solutions,
greater access to these public financial resources will help Vermont leverage those funds to
attract private investment and innovative financing structures, while also augmenting the state’s
ability to serve as a partner in decarbonization. Pooling these resources together can reduce risk
facing private investors and mobilize more capital to achieve strategic, targeted outcomes. It
would also enable Vermont to drive advancement in carbon sequestration and storage, and
climate resilience, including flood resilience, such as establishing various incentives to deploy
climate-smart practices across all sectors or through direct investments that the private sector
cannot.

For these reasons, we the undersigned, propose the following:

Vision

- A climate finance center coordinates and targets financing and deployment of climate
mitigation, adaptation and resilience solutions according to a climate finance strategy
developed with broad public and stakeholder support and input.

- Strategic investments support and sustain Vermont’s working farms and forests, rural
enterprise, and our burgeoning outdoor recreation economy.

- Natural solutions sequester and store carbon as well as enhance connected and functioning
ecosystems that support biodiversity, species passage, and provide valuable ecosystem
services.

- Innovative water financing achieves multiple benefits including climate mitigation,
adaptation and resilience including flood resilience, and clean water.

- Rural, marginalized or underserved communities benefit from Vermont’s investments in
climate mitigation, adaptation and resilience.

- Climate financing supports a vibrant workforce and economic opportunities.



What: Providing a Big Opportunity for a Small State

Public (especially Federal), private and philanthropic funding opportunities provide Vermont
with a once-in-a-generation opportunity to promote initiatives that will provide environmental
and economic benefits for generations to come. It is imperative and urgent that state leadership
build a comprehensive climate financing strategy, accompanied by a new climate finance entity,
that accesses all of these sources of funding, optimizes the ability of Vermont state government
to leverage those funds with state funding and bonding authority, and taps into the broad and
varied mix of private, philanthropic and local dollars in a coordinated and strategic manner.

Statewide Coordination: Vermont would benefit from statewide coordination to cultivate,

@)
@)

compete for, leverage, and deploy funding opportunities for climate change mitigation,
adaptation and resilience.

Sources of funding include federal, private, and philanthropic sources.

Vermont has a number of state agencies, a climate council and state financing
instrumentalities involved in climate mitigation, adaptation and resilience but with
limited resources to support strategic planning and coordination.

Vermont’s wealth in natural rural and working land resources presents a tremendous
opportunity for the State to promote and maximize forest and agricultural carbon
sequestration and storage. For this reason, Vermont would benefit from an increased
and better coordinated effort to establish and expand markets that create value for
carbon sequestration and storage, as well as innovating markets for other
environmental outcomes.

Vermont has well-established stakeholder supported networks, creating a ready
platform for coordination, collaboration and major investment for climate-based
outcomes.

With a more coordinated approach, Vermont can be a magnet for climate funding,
especially in sustainable forestry and agricultural investments for carbon
sequestration and storage.

Expanding potential for decarbonization, climate mitigation, adaptation, and resilience:

o

Pursuing this strategy would increase the federal dollars flowing to public and private actors
in Vermont and increase the number and diversity of actors participating in climate
mitigation, adaptation, and resilience efforts in the state.

Elective pay eligible projects in Vermont can stack tax credit financing with
additional sources of federal, state, private, and philanthropic money.
Diverse sources of financing must be paired with technical assistance and cohort
building to ensure it is used effectively or that opportunities can be made known.
Builds capacity to proactively pursue resources including private investment. Meeting
our climate mitigation, adaptation and resilience needs with taxpayer funds alone is
neither effective nor efficient. Mobilizing more resources will help the state achieve
its targeted climate mitigation, adaptation and resilience outcomes.
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- Statewide Accountability:

o

(@]

Investing in a climate finance strategy and climate finance entity to implement that
strategy would ensure that dollars invested help to meet statutory objectives and
deliver public benefits, including support for rural, marginalized or underserved
communities.

Meeting Vermont’s climate ambitions, as set in Act 153, the Global Warming
Solutions Act (GWSA), will require extensive funding for clean energy, efficiency,
and nature-based solutions to climate change.

Investing in climate resilience efforts requires funding to help communities adapt and
be more resilient to the impacts from a changing climate that are already underway.
As part of Act 59, the act relating to community resilience and biodiversity
protection, on-going funding is necessary to build upon the planning process,
continue to engage the public, employ the state’s Conservation Design framework,
and conduct strategic investments to meet the land conservation targets to further
communities’ resilience objectives and ensure landscape scale ecosystem functions.

Why - Overcoming Barriers

The reasons for pursuing a comprehensive climate finance strategy and a new climate finance
entity include the following:

Avoid “Missing Out:” Federal funding opportunities for climate mitigation, adaptation

and resilience have brought on a once-in-a-generation opportunity for the state. Given our

small size and relative lack of capacity compared to larger states, Vermont runs the risk
of leaving resources “on the table” and missing this opportunity to secure its share of
available federal, private, and philanthropic sources. Federal funding and the private

investment it spurs often go to states with more climate financing infrastructure and clear
investment pipelines.
Provide a State Strategy and Coordination: Vermont does not have in place a

coordinating body to cultivate, compete for, leverage, and deploy funding opportunities
(some of federal funds listed above).

o Individual agencies or quasi-public agencies focus on building and deploying
individual programs that answer a small portion of the universe of climate needs
and solutions. These programs can be pooled or partnered with for greater
effectiveness.

o Vermont’s well-established stakeholder driven networks require capital, capacity
and coordination to employ their planning processes and networks to meet
outcomes.
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o Creative solutions require policy coordination at the highest level of the state, a
broad view, and a clear measure of Vermont’s funding needs against Vermont’s
statutory greenhouse gas emission reduction goals.

Establish a State Level Climate Financing Team: Vermont is endowed with outstanding
agencies, programs, and organizations deeply experienced in one or more topical areas of
climate mitigation, adaptation and resilience. However, these entities typically work
within their jurisdictions, and the state lacks a team dedicated to strategic statewide
climate financing solutions.

Bolster Existing Staff Resources: Agencies, programs, and organizations have limited
staff and capacity to take on the additional work that will be required to deploy funding at
scale.

Accommodate as Climate Policy and Technology Continues to Evolve: As climate
finance grows, the policy and the technological landscape is becoming increasingly
complex, technical and specialized. A Vermont statewide strategy is an opportunity to
clarify which avenues the state is investigating and developing and to assign
responsibilities to new or existing state or partner entities.

Utilizing a Broad Set of Climate-Focused Financial Tools: Lending is but one type of
financial tool. An effective strategy establishes the state’s approach to raising, deploying,
and recycling capital, in addition to marketing and technical assistance (described below).

o Raising Capital: Currently, our approach to raising capital is not centrally
coordinated. Ideally, a Vermont green bank or similar entity would bring
visibility, transparency, and leverage in all aspects of climate finance program
design and project structuring, including proactive coordination with federal, state
and market actors.

o Deploying Capital: Capital deployment tools at our disposal for investment (e.g.,
direct equity investment, working capital loans, subordinated loans within a
project finance structure, on-lending structures) and investment support (e.g.,
grants and credit enhancement tools such as guarantees, loan loss reserves,
interest rate buydowns) are distributed across multiple organizations. A statewide
climate financing strategy promotes exploration into a broader array of financial
tools and a greater sharing of experiences.

o Recycling Capital: Vermont does not currently have a statewide strategy to
approach capital recycling for its investments across the climate space. A
Vermont green bank, for example, could manage the revenue from investments
and facilitate program designs that leverage accelerated repayments through
securitization.

o Standardizing capital: A Vermont green bank could create pro-forma portfolios of
loans, grants and tax equity as models for future projects and also purchase assets
from other lenders in the state. This would decrease capital costs, simplify the
financing process, and allow the state to set standards on financing.
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- Focus on Market Development: The state wide adoption of solar in Vermont showcases
the impact of effective market development. The same level of coordinated market
development is needed to active investors, operators, producers, and other actors relevant
to other climate mitigation, adaptation and resilience actions, such as in nature-based
solutions, sustainable forestry, green infrastructure, weatherization, and food system
infrastructure.

- Help Vermonters Access Resources Via Education, Outreach, and Technical Assistance:
Federal funding is complex, shaped by extensive regulation and sometimes contradictory
precedents. Applications are released on short timeframes while requiring extensive
documentation and compliance with often murky, ambiguous terms. Existing technical
assistance networks are already at capacity.

How - Next Steps

In the past, targeting and implementing climate mitigation, adaptation and resilience solutions,
including nature-based solutions, have been siloed and targeted to address local opportunities.
Vermont needs a comprehensive strategy led within the state infrastructure by a coordinated
team sharing deep expertise across sectors which will help the state to:

- Take advantage of federal resources that are available now.

- Improve Vermont’s competitiveness in seeking federal and private resources.

- Pool and leverage available federal, state, local, philanthropic and private resources.
- Pursue large scale solutions.

- Target priority investments to maximize public benefits.

- Sustain the state’s farms and forests.

Proposed Strategy: Scale Through Alignment

In keeping with the successful models of the Connecticut Green Bank (CGB) and the Rhode
Island Infrastructure Bank (RIIB), a Vermont coordinated entity (green bank) can accelerate and
leverage all-sector investments in climate mitigation, adaptation and resilience needs. Vermont’s
small size, comprehensive climate planning, and public support for climate investments makes it
an ideal candidate to create a model for rural states across the country.

A Vermont green bank can be a quasi-governmental centralized entity with a holistic plan to
match investments to necessary greenhouse gas reductions and resilience measures across the
state. Beyond setting standards for outcome measurements, reporting, and bringing expertise in
financial offerings to achieve these outcomes, a green bank will spur significant private co-
investment (surrounding state green banks have shown that every $1 a state invests in this
mechanism equates to $6 of private capital investment).

Governance for a Vermont green bank can capitalize on a partnership with a number of state
institutions including Vermont Economic Development Authority, Vermont Bond Bank,
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Vermont Treasurer, and Vermont Housing and Finance Authority. Representatives of these
organizations would serve on a deployment committee that would approve and help shape all
offerings of the Vermont green bank.

Preliminary List of Organizations to Involve in Planning Discussions

Center for Public Enterprise

Council of Development Finance Agencies (CDFAs), Vermont Community Loan Fund,
Sustainable Jobs Fund, others?)

Energy Action Network Vermont

Environmental Organizations (Vermont Natural Resources Council (VNRC), Audubon
Vermont, Vermont Public Interest Research Group (VPIRG), The Nature Conservancy
Vermont (TNC), Conservation Law Foundation (CLF), Trust for Public Land Vermont
(TPL), etc.)

Gund Institute for the Environment / The University of Vermont

Renewable Energy Vermont

Vermont Agency of Agriculture Food and Markets

Vermont Agency of Natural Resources (ANR) - Climate Office

Vermont Bankers Association

Vermont Climate Council

Vermont General Assembly Climate Solutions Caucus

Vermont General Assembly, House Agriculture, Food Resiliency and Forestry Committee,
House Environment and Energy Committee, Senate Agriculture Committee, Natural
Resources and Energy Committee

Vermont Housing and Conservation Board (VHCB)

Vermont Instrumentalities of the State: Vermont Economic Development Authority (VEDA),
Vermont Housing Finance Agency (VHFA), Vermont Bond Bank

Vermont Public Service Department (PSD)

Vermont State Employees Credit Union (VSECU) & other interested credit unions

Case Studies

The case studies below are examples of models, both policies and programs, that a Vermont
green bank could adapt to the Vermont context. They are offered here to demonstrate the breadth
of activities that an organization with an ambitious climate finance strategy could undertake.

1. Low- and Moderate-Income Solar and Solar+Storage

The Inflation Reduction Act (IRA) offers opportunities to fund clean energy projects focused on
serving disadvantaged communities and low-income customers. The Connecticut and Rhode
Island approach to low- and moderate-income (LMI) solar is a public private partnership where a
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state via a competitive process selects a third-party developer to finance, deploy, and own solar
(and related assets as relevant) for the benefit of LMI consumers. The no-money down cash flow
positive from day one model allows the monetization of the investment tax credit (ITC) to flow
down to consumers and uses community-based marketing techniques that are appropriate and
effective with low-income populations. The model led to the adoption of more than 3,000 solar
projects for LMI homeowners in Connecticut in just a few years. Under the Rhode Island model,
developers compete to set a level of incentives that will achieve a specific savings target.
Vermont has a burgeoning solar industry, which would greatly benefit, along with LMI
customers, from a dedicated support from the state using federal funds such as the Greenhouse
Gas Reduction Fund (GGREF).

Additional resources are available about the program model on the Clean Energy States
Alliance’s website, which includes a template RFP and a guidance document designed to comply
with the GGRF NOFO requirements as well as work in tandem with the program administration
proposed by the U.S. Treasury for the low-income tax credit bonus program. Among other
things, it includes “enabling upgrades,” such as efficiency measures and roof repairs by default.
It also proposes a flexible approach to customer eligibility using both geographic and income
criteria.

e Request for Proposals (RFP) Template for States: https://www.cesa.org/resource-
library/resource/single-family-home-Imi-solar-program-request-for-proposals-template/

e Clean Energy States Alliance (CESA) Program Design Guidance:
https://www.cesa.org/resource-library/resource/single-family-home-Imi-solar-program-
design-guidance/

e Notice of Funding Opportunity (NOFO): https://www.grants.gov/web/grants/view-
opportunity.html?oppld=348957

P Energy
( ](.ie:m ergy

CT Program Financial Structure
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Additional models exist to support solar and solar+storage, in tandem with efficiency, for LMI
customers, including for multifamily affordable housing residents and manufactured homes.

e Solar for manufactured homes: https://www.cesa.org/resource-library/resource/solar-for-
manufactured-homes/

2. Leveraging Tax Credits in the Inflation Reduction Act

The Inflation Reduction Act allows tax-exempt entities (state, local, and tribal government
agencies and instrumentalities and nonprofits) to receive certain tax credits for applicable
projects they own and operate—even if those entities do not owe or file federal income taxes. This
significantly reduces public and nonprofit weighted average cost of capital on energy projects - a
measure of financing costs accounting for the total mix of tax credits, loans, subsidies, and grants
(see the figure below for illustrative capital stacks). Elective pay in conjunction with green bank
financing would lower project costs even further.

e Elective Pay and Transferability (IRS): https://www.irs.gov/credits-deductions/elective-
pay-and-transferability
Elective pay one-pager: https://www.irs.gov/pub/irs-pdf/p5817.pdf
List of elective pay tax credits: https://www.irs.gov/pub/irs-pdf/p58179.pdf
Relevant application information for state and local governments, tribal governments, and
tax-exempt organizations

e Center for Public Enterprise Elective Pay (Direct Pay) Report:
https://www.publicenterprise.org/reports/direct-pay-uncapped-ira

e Update on Elective Pay Rulemaking (implementation details):
https://www.publicenterprise.org/blog/june-update-elective-pay

e Clean Energy States Alliance FAQs on the Low-Income Adder to the ITC:
https://www.cesa.org/resource-library/resource/low-income-communities-bonus-energy-
investment-credit-program-faqs/

3. Climate Investment Using Water Infrastructure Financing

Clean Water State Revolving Fund (CWSRF): The CWSREF is a federal and state partnership to
deliver low-cost financing for water quality infrastructure projects. As money is paid back, states
then make new loans. The program is flexible, allowing states to use innovative approaches to
address priority needs. Eligible projects include wastewater treatment, stormwater mitigation,
green infrastructure and runoff-related pollution control projects. For example, New York
created a Storm Mitigation Loan Program as part of its SRF Program to implement storm
resilience and mitigation projects. New York also established a Green innovation Grant Program
to support grey and green infrastructure, an example of which is the restoration of floodplains
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and wetlands in the Upper Susquehanna Watershed. Some states are using the SRF’s Green
Project Reserve (GPR) to finance green infrastructure projects. The City of El Cerrito in
California, for example, used the GPR to implement a green streets project to improve water
quality, reduce the risk of sewer overflows, and improve the livability of the urban community.

e Case Studies: https://www.epa.gov/sites/default/files/2018-
09/documents/srf_gpr_case_studies.pdf

e Green Project Reserve: https://www.epa.gov/sites/default/files/2015-
04/documents/integrating_green_infrastructure_with _community needs-california.pdf.

4. Conservation Financing for Climate Mitigation

Over 75% of Vermont’s landscape is in forest cover. Vermont’s forests sequester 4 times the
amount of GHG emissions that vehicles emit in Vermont, making forest conservation a crucial
part of our climate mitigation, adaptation and resilience strategy. However, Vermont forests are
under threat from conversion to non-forest uses such as real estate development, poor
management practices and fragmentation. The U.S. Forest Service estimates that Vermont is
losing upwards of 12,000 acres of forestland every year. If this rate continues, more than 300,000
acres of Vermont’s forestland may be lost by 2050 with significant negative consequences for
ecosystem health, habitat for wildlife species, the ecological viability of natural lands, and our
working lands economy.?

The Trust for Public Land (TPL) received interim financing under the Vermont Clean Water
State Resolving Fund (CWSRF) to fund three natural solutions-based projects to improve water
quality and flood resilience and avoid more costly gray infrastructure stormwater and flood
resilience solutions. These projects involved financing of $6.2 million to permanently conserve
and restore over 10,000 acres of forested headwaters, focused on the headwaters of the North
Branch of the Winooski River in Worcester and Middlesex (Hunger Mountain Project), the
Huntington River in Huntington and the headwaters of tributaries to the Connecticut River and
Lake Champlain in Chittenden, Killington and Mendon — all regions highly vulnerable to
flooding. The latter project helped to connect and insulate 140 thousand acres of adjacent and
existing conserved public lands. Both projects offer added benefits of water quality protection
and public access.

This Conservation Finance Case Study above demonstrates the tremendous opportunity for
Vermont to continue to bring together non-governmental organizations (NGOs), state and
Federal agencies and private investment firms to address the challenges facing Vermont’s forests

3 USDA Forest Service. 2021. Forests of Vermont, 2020. Resource Update FS-337. Madison, WI: U.S. Department of
Agriculture, Forest Service. 2p. https://doi.org/10.2737/FS-RU-337.)
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in order to maximize carbon storage/sequestration, water quality, economic, recreational and
ecological benefits that our forests can provide.

e Hunger Mountain Headwaters https://www.tpl.org/our-work/hunger-mountain-
headwaters

e Rolston Rest: https://www.tpl.org/our-work/rolston-rest

Headwaters Resilience Projects (left to
right): (@) Huntington River; (b) Rolston Rest; (¢) Hunger Mountain

5. Climate Investment Using Nature-Based Solutions: Forestland
Conservation

The ability to monitor and measure forest carbon sequestration and storage have led to the
creation of forest carbon markets. Selling forest carbon credits to companies and individuals
working to reduce their carbon footprints provides a new source of income for individual forest
landowners which helps them protect their forests. However, forming a carbon market can be
costly, creating a barrier for smaller forest parcel owners to participate in them.

The Vermont Land Trust formed Vermont Forest Carbon LLC and teamed up with The Nature
Conservancy, the Carbon Dynamics Lab at the University of Vermont, and Cold Hollow to
Canada, a local land stewardship and conservation organization. The Vermont Forest Carbon
LLC helps landowners overcome the cost barrier by working together as a single carbon project.
This is the first large-scale aggregated forest carbon project in the country, with fifteen neighbors
teaming up to sell carbon credits from their land. Together the landowners and organizations
proved that not only can forest carbon offsets be a viable revenue stream for Vermont forestland
owners, but through improved management practices, that they can provide enhanced water
quality, flood mitigation, and ecological functions.

e https://familyforestcarbon.org.

6. Commercial Property Assessed Clean Energy

There are 151 Property Assessed Clean Energy (PACE) programs operating in 32 states and
Washington DC. Vermont has yet to establish a PACE program. The Weatherization Repayment
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Assistance Program (WRAP) that the Vermont Housing Finance Agency (VHFA) administers
works similarly in that the financing for the energy improvements are secured by the electric bill
and connected to the electric meter instead of through a loan.

Commercial PACE (C-PACE) is widely considered an easier program to get up and running than
a residential program. Local governments collect C-PACE repayments through annual property
taxes. C-PACE financing has an advantage over conventional financing because it is attached to
the property, rather than the building owner and is transferrable upon sale. Vermont has the
enabling legislation for residential PACE which could be used as a template to establish C-PACE
in Vermont.

e https://www.npaonline.org/ (National PACE Association)
e Case studies from Mid-Atlantic states: https://www.pacealliance.org/case-studies

7. Regenerative Agriculture

Vermont has 30% of the farmland in New England and only 4% of the population. This
breadbasket role, producing food for millions of households in the Northeast, has sustained
Vermont’s agricultural base in working farmland for generations. When managed with
regenerative practices, the landscape also provides a host of tangible ecological, community and
economic benefits. In doing so, regenerative agriculture practices preserve an active landscape of
farms and forests, increasing water retention to mitigate flood and drought, sequestering carbon,
preventing erosion and nutrient runoff, and supporting dignified rural livelihoods alongside rich
biodiversity across the state and region.

A Sector-Based Framework for Investment in Vermont Agriculture completed in early 2023
identifies $194M in food system investment needed in VVermont alone, but it is challenging and
time consuming to secure — let alone effectively deploy — financial resources on an individual
project basis. A primary barrier to wider adoption of regenerative practices is the lack of
appropriate scale infrastructure to reliably process, transport, and market regional food products
from the many small farms of the Northeast — especially those practicing organic, regenerative,
and perennial management. This ‘middle’ infrastructure is essential for a resilient regenerative
regional food system to scale and succeed. Vermont Sustainable Jobs Fund (VSJF) and Larklea
are collaborating to establish a self-sustaining, well-capitalized team and impact fund for this
food system development — a partnership that engages VSJF’s role as a collective impact
backbone organization for Vermont and the Northeast, and Larklea’s experience securing values-
aligned capital and developing regional food infrastructure.

Signatories
Vero Bourg-Meyer - Vermont Resident

Jared Carpenter - Public Policy Professional
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Tad Cooke - Principal, Larklea

Kari Dolan - Vermont Resident

Robin Jeffers - Director, VT Regenerative Agriculture Research & Education Center
Chirag Lala - Center for Public Enterprise

Trey Martin - Director, Vermont Housing and Conservation Board

David Mears - Executive Director, Audubon Vermont

Andrew Perchlik - Vermont Resident

Peter Stein - Managing Director, Lime Timber Company

Shelby Semmes - Vice President New England, Trust for Public Land

Tee Thomas - Vice President, Quantified Ventures

Signatory Biographies

Vero Bourg-Meyer is the senior project director for solar and offshore wind at the Clean Energy
States Alliance, where she works with states and green banks on developing clean energy
programs and policies that benefit LMI communities and accessing the Greenhouse Gas
Reduction Fund.

Jared Carpenter is an environmental lawyer who works with conservation, environmental
advocacy, and watershed organizations.

Tad Cooke brings over a decade of impact finance experience in conservation and regenerative
agriculture. Through his work with Larklea, LLC, he shepherds capital and resources into
regional food systems, resilient landscapes, and natural climate solutions.

Kari Dolan is a Vermont State Representative. She has nearly 30 years of work experience in
water quality restoration and protection, Clean Water Fund administration, state floodplain and
river management, toxics mitigation, and civil rights compliance.

Robin Jeffers is an independent consultant working directly with farmers and other key persons
in Vermont’s nature based solutions work through regenerative agriculture practices to find
funding solutions to meet their ever present needs to stay in business, and Executive Director of
the VT Regenerative Agriculture Research and Education Center.

Chirag Lala is a doctoral candidate in economics at the University of Massachusetts Amherst and
specializes in macroeconomics, finance, and the economics of industrial policy and public
investment. His research focuses on the implementation of the Inflation Reduction Act-
particularly its elective pay tax credits— and the macroeconomic policies necessary to sustain
rapid decarbonization.
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Trey Martin is an environmental lawyer, currently serving as Director of Conservation and Rural
Community Development at the Vermont Housing and Conservation Board.

David Mears is an environmental attorney with over three decades of experience in
environmental law and policy and is the executive director of Audubon Vermont.

Andrew Perchlik is a Vermont State Senator representing the Washington District. He has over
25 years of experience in Vermont working on renewable energy policy, program development,
and market development.

Shelby Semmes serves as the New England Region Vice President for Trust for Public Land
(TPL) and brings over a decade of experience in conservation and community engagement.

Peter Stein is the Managing Director of The Lyme Timber Company and serves as an Investment
Committee member for Sustainable Land Management Partners, and member of the advisory
board for Upstream Technology, Quantified Ventures and Center for Geospatial Solutions for
Lincoln Institute of Land Policy. Mr. Stein is also the Former Senior Vice President at The Trust
for Public Land.

Tee Thomas brings 15+ years of water financing and environmental equity experience to
Quantified Ventures. Most recently, she served as the Water Finance Director for the state of
Vermont. In this role, she managed more than $500M worth of loans, grants, and contracts
related to water financing.
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Appendix 2: Additional Resources

- Webinar on Financing Nature-Based Solutions Using Green Banks

- Potential Functionalities and Structural Goals for a Vermont Green Bank

- Yale School of Management Case Study on the Connecticut Green Bank Formation and
Operation

- State and Local Government and the Formation of Green Banks
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November 1, 2023

Office of the State Treasurer VS ECU

109 State Street
Montpelier, Vermont 05609
Re: Stakeholder Qutreach on Climate Financing Report

Dear Treasurer Pieciak,

On behalf of VSECU, a division of New England Federal Credit Union, we thank you for the opportunity
to submit public comments to inform your report to the General Assembly regarding climate
infrastructure financing coordination as the Federal Green House Gas Reduction Funds (GHGRF) become
available and are deployed.

VSECU is a Vermont-based credit union, recently merged with New England Federal Credit Union. We
are now a combined organization with assets of just over $3B. In addition to traditional credit union
deposit, loan products, and in-person and digital banking services, we operate a unique long-standing
green lending program. The program started in 2012 and grew organically through relationship building
and partnerships to address the needs of members and the green economy. Our green loan portfolio is
now $133M.

We have extensive partnerships and experience in deploying grant program funds through credit
enhancements such as interest rate buydowns and loan loss reserves. We are a legacy lender in
Efficiency Vermont’s Home Energy Loan program, a low- to moderate-household income program that
deploys zero or low-interest loans to qualifying Vermonters for thermal upgrades and electrification
transition improvements. We also lend in a complementary program for businesses. In the past we have
participated as a grant subrecipient to deploy low interest solar loans to targeted areas in Vermont, and
we work regularly to consider energy savings in our underwriting criteria.

At our organization, we are focused on providing affordable, accessible financing products for our
members and building our capacity to scale up this work to serve more diverse communities. We are
investing significant capital and time into the clean energy transition and in low income and
disadvantaged communities and see this as a core part of our mission.

We submit the following comments as you develop your recommendations:
e Scale Up Existing Programs — We have several successful programs and partnerships
developed in Vermont aimed to finance investments to increase energy efficiency and
reduce carbon emissions for municipalities, businesses, families, and individuals. Some of
these programs have built-in income sensitivity to enable low- and middle-income
borrowers to access affordable lending options for project financing. Standing up new
programs takes time and resources, and this should be considered for identified gaps in
Vermont’s funding/financing landscape. With the existing program infrastructure in place,
we have opportunities to efficiently scale up deployment of available funds to reach deeper
into the low- to moderate-income communities across the state.

VSECU, a division of New England Federal Credit Union
One Bailey Avenue « PO Box 67 « Montpelier, VT 05601-0067 « 802/800 371-5162 « www.vsecu.com




VSECU

e Fund Outreach, Technical Assistance, and Project Management — Our experience
shows that technical assistance and coaching is essential for uptake in energy efficiency
investments in low-income communities. The day-to-day demands on low-income families
make it incredibly difficult to plan for the benefits of energy efficiency, navigate the
complexities of lending and rebate programs, and manage contractors. Strategic outreach to
enroll individuals and significant assistance and coaching to support through the process will
be essential to meeting the GHGRF intent to deliver lower energy costs and economic
revitalization to communities that have historically been left behind.

e Pre-bate, Not Rebate — In the financing instruments used to deploy funds, seek the
ability to lower the loan total to the borrower by pre-bating incentives when possible. Pre-
bate funds can be delivered to project builders/contractors directly when appropriate to
avoid the borrower needing to have a loan that includes the expected incentive. When the
traditional ‘downstream’ rebate is moved to the front of the process, the project cost is
reduced from the start, so more Vermonters can participate.

e Enable Coordination, Performance Reporting, and Monitoring — Currently there is not
an entity established to receive and coordinate climate funds, collect performance
reporting, or monitor outcomes. Establishing a centralized entity, or assigning the role to an
existing entity, would support clarity among deployment partners, utilities, agencies, and
grant seekers and efficacy for the funds drawn down.

Thank you for considering these comments as you finalize your report and recommendations to the
legislature. We are available at your request to further illustrate these comments or offer additional
feedback and support as we move towards financing a more resilient Vermont.

Sincerely,

Robert Miller
President, Chief Operating Officer

VSECU, a division of New England Federal Credit Union
One Bailey Avenue « PO Box 67 « Montpelier, VT 05601-0067 « 802/800 371-5162 « www.vsecu.com




November 2, 2023

Treasurer Mike Pieciak
Office of the State Treasurer
109 State St, Ste 4
Montpelier, VT 05609-6200

Re: Stakeholder Outreach on Climate Financing Report

Dear Treasurer Pieciak:

This letter is authored by three instrumentalities of the state of Vermont: the Vermont Bond Bank (VBB),
the Vermont Economic Development Authority (VEDA), and Vermont Housing Finance Agency (VHFA).
Together, operating as the Vermont Public Finance Climate Collaborative (PFCC), we would like to
describe our current work to finance climate infrastructure and access emerging funding opportunities,
as well as sharing our vision for how statewide coordination could further leverage resources to support
Vermonters and achieve the state’s climate goals.

The Public Finance Climate Collaborative (PFCC) was formed in 2022 by the VBB, VEDA, and VHFA. Our
three organizations are united as state instrumentalities that fill market gaps and accelerate capital
deployment in the municipal, commercial, and housing sectors. Our organizations have decades of
experience in financing energy efficiency and resiliency projects in these sectors and our quasi-
governmental roles make us uniquely well-placed to access both private capital and public dollars.

We originally organized the collaborative because we saw a need to create a collective home for project
development and information sharing for climate financing initiatives in Vermont as new resources
become available through the Inflation Reduction Act (IRA). Our organizations are prepared to leverage
IRA funding to ensure that low-income households and disadvantaged communities are equitably
reached by these resources. Proof of this concept is described in more detail below.

We feel that the outreach process being led by the Treasurer’s Office can be a valuable opportunity to
inform the public about what resources are available through the IRA and Infrastructure Investment and
Jobs Act (IlJA), and when and how that funding will become available. Both pieces of legislation are an
extensive patchwork of tax credits, grants and financing programs. Currently, the Department of Energy
(DOE), the U.S. Environmental Protection Agency (EPA) and other federal agencies are in the rule-
making process or have released Notices of Funding Opportunities for many related programs.

Relatively little of the funding available from IRA is yet available to be deployed in Vermont. Some pieces
will require state sponsorship, while others will benefit from the experiences of the PFCC, and still
others will directly benefit project owners. This diverse range of applicants and uses of funds speaks to
the informational barriers among participating entities that would benefit from information sharing to
ensure the greatest impact of the funding and financing opportunities.



The $27 billion Greenhouse Gas Reduction Fund (GGRF) is one of the IRA opportunities available to
financing entities. The Vermont Department of Public Service has already submitted an application to
EPA for the $7 billion Solar for All competition of the GRRF. The remaining $20 billion in GRRF funds will
be distributed through a number of national entities, such as the Coalition for Green Capital and Climate
United, which will be announced in Spring 2024. PFCC members joined coalitions, submitted project
pipelines, and intend to seek financing from these national entities for funding to support greenhouse
gas reduction projects in Vermont across the sectors we serve.

Our statewide mission-driven roles, with 50 years of experience and strong balance sheets, make us
uniquely positioned to work with these national intermediaries to maximize the funding available to
Vermont. Underscoring this capability is the utility recognized by our national partners in our collective
capacity as they conceive of us as “green banks” for our respective constituencies and place us side by
side well known entities like the Connecticut Green Bank.

Our ability to access these resources will be largely dependent on the terms and uses these national
organizations set for awards. As GGRF awards increasingly appear targeted to specific sectors, PFCC
members will likely apply individually to the national entities rather than as a single application.
However, we intend to coordinate amongst ourselves to ensure that we are fully aware of potential
funding opportunities.

A brief summary of the work our organizations are doing to leverage IRA and other energy financing
opportunities is below.

Joint PFCC efforts

e Submitted joint feedback to the EPA in response to their RFl on the development of the GGRF in
December 2022, advocating for a framework that encouraged collaboration and leveraged the
capacity of public instrumentalities.

e Coordinated with the Treasurer to lead a Green Lending Webinar in February 2023 to inform
stakeholders of potential opportunities available under the GGRF.

e Followed discussions with national organizations applying to administer GGRF funds, laying the
groundwork for collaboration once awards are announced. PFCC members submitted project
pipeline data and letters of support to several organizations that may serve our respective
sectors.



<
w
w

Modernized the Bond Bank’s statute via Act 72 to allow the Bond Bank to enter all types of
municipal loans that are otherwise allowed in statute. This includes municipal loans under the
“alternative financing of assets” provision that is the preferred method governmental units use
to authorize energy projects that pay for themselves with savings or energy production.
Received a $40 million commitment from the USDA’s Rural Energy Savings Program that will
provide a loan to the Bond Bank at 0%. In turn, the Bond Bank will relend these dollars at an
estimated rate of between 2 and 3%. Eligible activities include both energy savings projects as
well as renewable energy production and battery storage.

Financed nearly $17 million in energy efficiency, net zero energy buildings, and waste diversion
projects.

Responded to the needs of borrowers following the Summer Floods of 2023, which included
opportunistic debt restructurings and new loan products to enhance Vermont’s climate
resiliency.

Formed strong partnership with Climate United with a focus on net zero school buildings that
informed a Vermont specific case study used by the organization.

VEDA

VHFA

Updated VEDA’s energy lending policies to enable greater public financing support on clean
energy projects.

Applied to USDA’s Rural Energy Savings Program (RESP) for $10 million which, if approved, will
provide up to 0% financing to VEDA which will be used to provide capital and subsidize interest
rates on clean energy projects.

Applied to the State Treasurer’s “10% for Vermont” local investment program for up to $25
million in a low interest loan which will be used to subsidize interest rates on clean energy
projects.

Submitted pipelines and letters of support to Coalition for Green Capital’s NCIF and CCIA grant
applications and the Council of Development Finance Agencies’ CCIA application.

Collaborated with the Vermont Department of Public Service on their Solar for All application to
EPA, which was submitted on October 12th. Should Vermont receive its requested award, VHFA
expects to receive a subgrant for solar arrays and community solar projects supporting
subsidized affordable housing.

Led outreach to multifamily property owners to inform them of opportunities under HUD’s
Green and Resilient Retrofit Program (GRRP). The GRRP is an IRA program for comprehensive
energy efficiency and carbon reduction projects in housing supported through HUD rental
assistance contracts. Applications are currently open in rolling waves, and property owners must
apply directly to HUD.

Launched the Weatherization Repayment Assistance Program (WRAP), an on-bill program to
help moderate-income Vermonters participate in comprehensive home energy projects. VHFA
continues to explore new funding sources to expand the program beyond the state-funded pilot.



Although the PFCC members are actively pursuing the IRA funding that we are currently eligible to
receive, we feel that the Treasurer’s Office could play an important role as an information clearinghouse,
ensuring that all new and existing federal climate funding opportunities are identified and brought to
the attention of the entities or the state agencies that are the intended recipients.

Further, we believe the Treasurer should also help to evaluate the supply and demand for climate
related funding and financing sources on an on-going basis in consideration of the risks faced by the
state from a changing climate as well as the mandates outlined in Vermont’s Climate Action Plan and
Comprehensive Energy Plan. This evaluation would incorporate the missions, competency, and existing
programs of PFCC members in their sectors. This should also include advocating for climate
infrastructure financing to be broadly inclusive of adaptation programs. From insurance to grants, these
programs may take many forms but should not be ignored from climate discussions around climate
finance.

We know that some states have, or will, pursue setting up a new Green Bank as a way of accessing
federal funds and we do not recommend that path for Vermont. Because of the PFCC’s willingness — and
eagerness — to work together and ensure there are no market gaps or lost funding opportunities for our
small state, we feel confident in our ability to apply for, access, and deploy the available funding without
adding a new entity. Any new organization would require tens of millions of dollars to capitalize a
balance sheet similar to the PFCC, and would not have the 50-year history of lending that investors and
rating agencies would need to see. The organizational overhead, untested governance, and additional
coordination that a duplicate agency would add to the state would be wasteful.

Instead, the PFCC sees a role for itself as a shared “front door” for the state’s climate financing. Our
organizations will continue our work in our respective fields, while coordinating with stakeholders and
amongst ourselves. Using existing organizations within a new framework will allow us to utilize and
expand our programs and leverage our existing funding streams, private partnerships, and credit
capacity. This structure will allow us to avoid duplicative efforts and ensure that all parts of Vermont and
all the different sectors we serve have equitable access to funding opportunities.

This effort will require continued outreach to Vermont’s energy stakeholders, including the State,
nonprofits, and the private sector. We will need to form expanded partnerships to reach consumers,
connect with the state’s contractor workforce, leverage new technology, and measure the impact of our
joint work.

We welcome your input on this framework, and we applaud your efforts to ensure that Vermont is
effectively using all available resources to assist our communities in responding to climate change.

Sincerely,

Vermont Bond Bank
Vermont Economic Development Authority
Vermont Housing Finance Agency



From: Vero Bourg-Meyer
Montpelier resident

To: State of Vermont Office of the State Treasurer
Attn: Treasurer Pieciak

Office of the State Treasurer

109 State Street

Montpelier, Vermont 05609

November 2, 2023

Re: Comments Pertaining to Climate Infrastructure Finance in Vermont

Treasurer Pieciak,

| am delighted to submit these comments in the stakeholder process organized by your office to
comply with the legislature’s request to “coordinate the State’s climate infrastructure financing
efforts.”* Thank you for your leadership and the opportunity granted to Vermonters to participate
in this process and shape your recommendations to the General Assembly in January 2024. | write
today as a resident of Montpelier, informed by my decades of experience working with
governments across the world and the U.S. on public private partnerships for infrastructure, on
project finance structuring, and on clean energy policy.

It is time for the Vermont legislature to imbue one of our existing governmental or quasi-
governmental entities with the authority, the mandate, the staff, and the funding to (a) create a
statewide climate finance strategy, (b) raise capital, (c) deploy, recycle, and leverage capital, (d)
coordinate and support the work of relevant partner agencies, (e) provide technical assistance
and train the market, and (f) promote and market its own and others’ programs to achieve our
climate goails.

Transitioning from OPEX-heavy fossil fuel infrastructure to CAPEX-heavy clean energy systems and
nature-based solutions requires an upfront supply of capital, which tax funding alone will not
sufficiently address. Without access to upfront capital and innovative leveraged financing
solutions, Vermont will simply not meet its climate ambitions.

Vermont’s Climate Action Plan recognizes that for the plan to be successful “the support and
engagement of Vermonters is critical — to mobilize a broad coalition of state, local, and regional

! Sec. E.131 e of the Fiscal Year 2024 Appropriations Act
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governments, nonprofits, academic institutions, and private interests taking collaborative, decisive
action. Significant and sustained investments, well-financed programs, properly capitalized
lending entities and individual financial commitments will all be needed to implement the Climate
Action Plan and realize important outcomes (...).”2 The Climate Council goes on to state, “No
single funding stream will achieve our climate goals. Climate action requires leveraging a variety
of sources — existing and new, private and pubilic, local, state, and federal — and innovative
financing mechanisms to support sector-level transformations and the ability of Vermont lenders
to make crucial long-term investments in climate-focused projects and initiatives.”?

Yet, no one entity has been given a clear mandate by the Governor’s office or the Legislature to do
all it can to develop these “innovative financing mechanisms” or only minimally so. While we have
many programs, driven by more existing entities than in most states, we do not have a
coordinated statewide strategy for climate finance. Each one of our quasi-public organizations
dutifully pursues the mandate it was given, and it is unlikely, without specific authority, expert
staff, or adequate funding, that one of them will suddenly find itself moving beyond what it
currently does. More of the same, perhaps slightly bigger, will not cut it.

Promoting coordination across organizations is indeed necessary, as many have said, but climate
finance is technical, broad-ranging, and cross-sectoral so our government should not expect a
loosely connected web of existing organizations without sufficient funding, staffing, or authority to
successfully tackle what is the most consequential challenge of our generation and that of our
children.

This is not to say that we lack institutional knowledge or goodwill. | do not in any way impugn the
usefulness of our existing programs or institutions. On the contrary, | am immensely grateful for
the many public servants dedicated to meeting clean energy and conservation goals in Vermont.
Without them, we would not see any progress toward meeting our climate and conservation goals.

| do, however, very much question the scale that we purport to achieve without an entity with the
designated authority to steer the state in a clear direction when it comes to financial strategy, and
to guide partners, existing and new, along with it toward our decarbonized future. It does not take
much vision or work experience to recognize that accessing the once-in-a-generation
opportunities afforded by the federal Infrastructure Investment and Jobs Act (I1JA) and the
Inflation Reduction Act (IRA) will be impossible without dedicated staff and funding.

If | find this letter hard to write, it is because it argues the very fundamental notion that good
ideas do not materialize into reality unless a champion makes them so and unless we give
ourselves the resources to meet our goals. The “action” part of the Climate Action Plan requires
that we do not stop at saying “we need innovation and funding” but that we move on to the “do”
part with renewed vision and ambition.

Therefore, | propose that the legislature should take the following concrete steps.

First, and most urgently, the legislature should require that the Treasurer’s Office be given the
explicit authority, mandate, and funding to aggressively pursue funding opportunities for climate

, page 250
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mitigation, adaptation, and resilience, across both clean energy and nature-based solutions
spaces. The Treasurer’s Office does not need to be the organization that ultimately will be
responsible for all of the activities listed in the second paragraph above in (a) through (f).
However, the Treasurer’s Office should coordinate with other entities on the short-term
deployment of such funds and help them apply to funding. This would include supporting financial
intermediaries with existing networks as appropriate, as well as existing agencies working on
climate solutions and communities.

The Treasurer Office is the right organization to pursue funding this way as its expressed function
is to “serve as the State’s (...) chief investment officer.”* In the wake of transformational federal
legislation, many states have launched funds dedicated to help the state apparatus and
communities seek federal funding, to provide cost-share funds, to enable leverage, or to provide
technical assistance to communities. For example, in , the Infrastructure Investment And
Jobs Act Cash Fund provides $80,250,000 in funding to the Governor’s Office as a nonfederal match
for the state or a local government for certain categories of infrastructure projects allowed under
[1JAS

In , Public Act 22-25, the Commissioner of the Connecticut Department of Energy and
Environmental Protection (DEEP) was required to “establish and administer a grant program for
the purpose of providing matching funds necessary for municipalities, school districts and school
bus operators to submit federal grant applications in order to maximize federal funding for the
purchase or lease of zero-emission school buses and electric vehicle charging or fueling
infrastructure.” The Act requires that the DEEP Commissioner give preference to applications
relevant to environmental justice communities.®

In , the $200 million Build Kansas Fund provides matching dollars to Kansas communities
for infrastructure projects approved under Il1JA. Projects that can receive funding include “water,
transportation, energy, cybersecurity and broadband through Fiscal Year 2027.” At least $10
million will be reserved for investment in eight “Economic Development Districts.” The Build
Kansas Fund is administered by the Kansas Infrastructure Hub.” The Kansas Infrastructure Hub
includes “representatives from the Kansas Departments of Administration, Agriculture, Commerce,
Health and Environment and Transportation, along with the Kansas Corporation Commission and
the Kansas Water Office, will manage the Build Kansas Fund, offering technical assistance,
tracking funds and promoting grant opportunities.”®

In , the legislature appropriated $17.3 million from the general fund to match $69.4
million in 11JA funds for fiscal years 2022-2023 for Il1JA electric vehicle charging infrastructure
support programs.

In , the State Competitiveness Fund was created as a special revenue fund in the
Minnesota State Treasury and $115 million appropriated and remain available until June 30, 2034,

4 See

® See

6 See .

7 See additional details, including application processes and eligibility requirements and .

8 Shayndel Jones, Gov. Kelly announces launch of $200M fund to accelerate infrastructure projects, 13WIBW,
September 19, 2023
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under the management of the Minnesota State Treasury to facilitate accessing federal funding
under I1JA and the IRA. The State Competitiveness Fund is meant to “(1) pay all or any portion of
the state match required as a condition of receiving federal funds, or to otherwise reduce the cost
for projects that are awarded federal funds; (2) award grants under subdivision 4 to obtain grant
development assistance for eligible entities; ' and (3) pay the reasonable costs incurred by the
department to assist eligible entities to successfully compete for available federal funds.”*® These
funds can be applied to a large array of uses, including accessing formula funding, funds directed
to political subdivision of the state or Tribal governments, nonprofits, businesses, utilities, and
other grant opportunities “directed to eligible entities that do not require a match but for which
the commissioner determines that a grant made under this section is likely to enhance the
likelihood of an applicant receiving federal funds, or to increase the potential amount of federal
funds received.” The broad-ranging nature of Minnesota’s matching funds strategy demonstrates
how serious the state is about accessing federal funding and utilizing all available dollars to boost
its competitiveness and investments.

In , Governor Cooper’s administration established a $225 million Federal Match
Reserve investment for state agencies to meet federal matching requirements from I1JA, the CHIPS
and Science Act, and the IRA. The Federal Match Reserve “allows the state to participate in the
paradigm shift created by these catalyzing federal bills and access an extraordinary amount of
federal funds for infrastructure, research, climate initiatives, manufacturing, and STEM education
[and] [p]lositions our state to compete for hundreds of billions of dollars, bringing our share of
taxpayer funds back to North Carolina.”**

In Oregon, the legislature passed the climate resilience package ( and ), which
included over $90 million in new climate spending “to access as much as $1 billion from IRA
programs. The new law provides funds to help marginalized communities, local governments and
community organizations apply for federal grants.”*?

While Vermont may not have the same level of resources at its disposal, these examples highlight
that these states, both red and blue, understand that accessing federal funds takes resources,
both human and financial. The political and geographic diversity should be enough to give the
Vermont Legislature pause about its strategy so far to support the implementation of the Climate
Action Plan and of the Vermont Global Warming Solutions Act (GWSA). Enabling access to
funding is but a step for the legislature, and should not replace other necessary steps to develop
and implement a coordinated strategic approach to climate finance, executed by a centralized
team. A lot of the states above have both “matching funds” and green banks as is the case for
Connecticut, Minnesota, Colorado, or North Carolina, among others.

Second, the legislature should pick one to two existing organizations to lead the development of
Vermont’s climate finance strategy, fund it/them adequately, requires that it/they hire staff,

° Eligible entities are those that will provide grant development support to regional development
commissions, the West Central Initiative Foundation, the Minnesota Municipal Utilities Association, the
Minnesota Rural Electric Association, consumer-owned utilities, Tribal governments and others.
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including shared staff for key functions, and place them under the authority of a shared
governing body within the Treasurer’s Office.

The explicit modified mission/mandates of such organization(s) should be to stimulate market
transformation in Vermont for the benefit of Vermonters and Vermont-based enterprises, to
develop a climate finance strategy, to pursue funding sources and financing programs that will
enable the climate policy goals of state agencies, as required by the legislature, to offer technical
assistance, to lead the implementation of such state strategy, and to support the marketing of
programs and products. Such organization(s) should also actively support and promote the
activities of the quasi-public organizations and nonprofits pursuing climate goals in the state.

Ideally, one organization would lead financial activities for both clean energy and nature-based
solutions. However, given the existing slate of organizations in Vermont, | recommend that the
legislature authorize and require that (a) the Clean Energy Development Fund (CEDF) and (b) the
Vermont Housing & Conservation Board (VHCB) become Vermont’s climate finance authority.
CEDF already has most of the attributes necessary for an expanded mission but will have to be
given broad autonomy to pursue climate mitigation goals and the flexibility to hire new staff
quickly and raise/deploy capital. Similarly, VHCB can rapidly scale operations to finance nature-
based solutions in the state.

These organizations should work together, with guidance from the existing Local Investment
Advisory Committee, and other relevant agency staff. Besides co-developing a strategy over time,
working closely with the new staff at the Treasurer’s Office on capital raise, these organizations
under a new climate finance authority branding would be the main conduit for program
development, and would have the option to deploy capital directly or through existing
organizations, as relevant and appropriate.

They would provide clear communication to financial partners and private sector investors about
the programs and policies of Vermont, act as a technical assistance provider, and proactively seek
to grow the pipeline of projects in both their core areas. They would not seek to replace the
existing organizations, but to lead the market, send clear signals, and develop opportunities for
our climate economy.

Both organizations should be given broad latitude to utilize all of the tools in the financial toolbox
and to invest using a range of debt and equity tools, including securitization and tax credit
optimization, as well as to deploy grants, either directly or as a passthrough entity for other
organizations such as Efficiency Vermont or VSECU. Both organizations should explicitly support
low-income families and underserved communities in our rural and urban environments, not as an
afterthought, but as a structural part of their vision and mission.

Key staff for financial, legal, marketing, and data/reporting functions should be shared to promote
cross-learning, create efficiencies, and to facilitate strict compliance and reporting requirements
attached with federal funding.

The legislature should seek to encourage flexibility, creativity, and engagement with the market
and communities, including by allowing the Treasurer’s Office, CEDF, and VHCB to create the
special purpose vehicles or nonprofits that may be necessary to pursue philanthropic sources of
funding or to create financial structures that are adapted to our state.



Reaching the goals of the GWSA and implementing the Climate Action Plan will require your
leadership not to simply coordinate the good work already being done, but to proactively pursue
funding sources for climate financing solutions, and to empower CEDF and VHCB to build and
implement a statewide climate finance strategy that leverages public investment. We have many
of the ships we need to get us where we committed to going. It is high time that we hired
ourselves a captain.

Respectfully,

Vero Bourg-Meyer, Montpelier resident
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November 3, 2023

Michael Pieciak

Office of the State Treasurer
109 State Street
Montpelier, VT 05609

RE: Climate Infrastructure Financing Coordination Comments from CCRPC Staff
Dear State Treasurer Pieciak,

Thank you for the opportunity to provide input regarding climate infrastructure financing. Like many
of our partner regional planning commissions (RPCs), the Chittenden County Regional Planning
Commission (CCRPC) has had an enhanced energy plan as a part of the ECOS Regional Plan since
2018. Through developing an enhanced energy plan, our organization has developed relationships
with state agencies, utilities, and non-profits working on energy and climate changes issues in
Vermont. Our work has also involved assisting many of our member municipalities with the
development of their own enhanced energy plans and climate actions plans. Both the local and
regional enhanced energy plans identify actionable strategies for mitigating climate change. These
strategies range from building and vehicle electrification to weatherization to nature-based solutions.
These strategies are ripe for implementation. Therefore, the state’s RPCs and municipalities are well
positioned to assist with the effective coordination of funds to implement climate and energy plans.

Below are the questions posed by the Treasurer’s public comment solicitation and responses from
CCRPC staff:

Topic 1: Why Pursue Federal Funding/Financing? How can we do this in a way that is more inclusive of
local and underserved community priorities?

New federal funding and programs present a great opportunity to enhance Vermont’s climate
related programs that are already successful, significantly reduce greenhouse gas emissions, and
that meet the needs of underserved and rural communities. Here are our suggestions:

e The Weatherization Assistance Program should be expanded. This program reaches underserved,
low-income residents in all areas of Vermont. Specifically, consideration should be given to the

following programmatic changes:

o Increase the cap on income eligibility.

o More funding should be provided specifically for heat pump installation and work
related to decarbonizing home heating. This will help the State to reach its goal of
significantly reducing greenhouse gas emissions. Heat pump adoption is a high priority
action that can significantly reduce greenhouse gas emissions in the thermal sector.

o The program must provide competitive wages to attract and retain the necessary
workforce. Employee retention has historically been a challenge due to the working
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conditions of weatherizing homes, low compensation, and the high demand for
weatherization work in Vermont. This needs to be addressed for low-income Vermonters
to continue to benefit from the program.

The Electric Vehicle Supply Equipment (EVSE) Grant Program should be expanded to prioritize

reaching underserved, BIPOC, low-income and older residents in all areas of the state. The
expansion of the program for increasing EVSE at existing multi-unit properties, workplace
charging, and public attractions will serve all residents, especially marginalized populations,
who make the transition to electric vehicles. Transitioning to electric vehicles is a high priority
action that can significantly reduce greenhouse gas emissions from the transportation sector.
Expansion of the program in Chittenden County has the potential to reach the State’s largest
BIPOC population and Vermont’s largest share of drivers statewide.

The Municipal Energy Resilience Program (MERP) should be expanded to include schools and
non-profit commercial buildings that serve underserved and rural communities. This program
is currently being administered by the Vermont Department of Buildings and General Services
in partnership with the State’s Regional Planning Commissions.

The State Energy Revolving Loan Fund, administered by Building and General Services (BGS),
could be expanded to include municipal projects. Payments back to the fund are made with
energy savings on the project until the loan is repaid, resulting in no cost to the municipality. See

how Harvard’s energy revolving loan fund operates: https://sustainable.harvard.edu/green-

revolving-fund/

Some electric distribution utilities, in cooperation with Efficiency Vermont, have a considerable
number of rebate and incentive programs that could have more substantial impacts if additional
funding was provided. Specifically, we recommend larger incentives to help cover the upfront costs
of geothermal heat pump installations in new affordable housing projects. Geothermal heat pumps
are often a better option for affordable multi-unit housing than air source heat pumps because they
require less maintenance and cost the residents less to heat and cool than natural gas or air source
heat pumps. However, geothermal heat pumps have a much higher up front capital cost for the
owner/developer.

The Vermont Low Income Trust of Electricity (VLITE) has historically supported a wide range of

projects designed to support the energy needs of low- and moderate-income Vermonters.
VLITE should specifically be consulted to see if there are opportunities for collaboration on
existing programs. VLITE should also be consulted regarding how low-income Vermonters can
be assisted with increased future electricity rates that will likely be necessary to support
capital improvements to Vermont’s electric transmission and distribution networks. CCRPC is
particularly concerned about future electricity costs for low-income residents living in electric-
heated multi-family buildings that do not have sufficient space to install solar panels for net-
metering.
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How can we better connect community groups and technical expertise, to mutually identify needs?

The Department of Public Service’s Public Participation Plan has effective actionable strategies for

connecting to community groups about the energy transformation needed to reduce our emissions.
The State of Vermont’s Climate Action Public Engagement Plan is also a resource for understanding

which community groups to reach out to marginalized communities.

Specifically working directly with marginalized communities to mutually identify needs is important.
However, this typically ends up looking like those with the technical expertise “going into” community
groups when something is needed, asking for feedback, and leaving. This practice is extractive. The
challenge is that community groups in marginalized communities often lack capacity and are already
struggling to carry out their own mission. To ask more of them adds to their already too-heavy load.
Thus, we need to make sure that we can create reciprocal and ongoing relationships with key
community organizations in marginalized communities in a way that supports and furthers their work
before asking them to support additional work.

Lastly, community needs in marginalized communities have been, and continue to be shared, through a
multitude of ongoing engagement efforts at any given moment. Another strategy for imbuing technical
expertise with community knowledge and needs is to better collaborate with others on the back end to
share community feedback that has already been collected before asking the same questions to the
same groups of people. Only once we have determined what needs have already been recorded should
governmental organizations determine where gaps remain.

What do small, underserved, rural communities need to pursue these funds? How do we maximize
our ability to do this collectively, without competing with one another?

Asking small communities and/or schools to work on complex grant applications and reporting as a way
to access funds is unfair and burdensome due to limited administrative capacity. Applying for and
administering grant funds takes resources and expertise that underserved and rural communities do
not have.

Expansion of the Municipal Technical Assistance Program (MTAP), a program created by the Agency of

Administration last year could create additional capacity for Regional Planning Commissions (RPCs) to
assist small, underserved, rural communities. RPCs may also be able to help municipalities within the
same region cooperate or collaborate on projects to avoid competition amongst each other. Creating
programs that communities can opt into with minimal effort (e.g. Municipal Energy Resilience Program
a.k.a. MERP) is another way to increase the accessibility of funds.

Future federal grant applications, like the EPA’s Climate Pollution Reduction Act Implementation Grant,
should ideally be coordinated through the State of Vermont. Municipal or RPC applications should be
discouraged.
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There is a higher probability of coordination and success if future State applications to federal grant
programs treat Chittenden County equally to other geographic parts of the State. CCRPC is particularly
bringing attention to this issue because recent State programs, like MERP and MTAP, have treated
Chittenden County differently than more rural parts of the State. While this approach may work for
State programs, it may put a coordinated statewide grant application in a disadvantageous position
given Federal Justice 40 requirements. Chittenden County includes three of Vermont’s disadvantaged
areas, as defined by the Federal Justice 40 criteria. Additionally, Chittenden County is Vermont’s most
racially diverse region and has more households living in poverty than any other county in the State.
The County also has several very rural municipalities with fewer than 2,000 residents. Statewide grant
applications need to take this information into consideration when coordinating future grant efforts.

Topic 2: Who is proactively engaged and are there any barriers impeding Vermont’s efforts?

Are you aware of any agency or entity that is pursuing or has recently pursued/applied for federal
funding/financing, private capital or philanthropic funds for climate infrastructure improvements,
such in the areas of clean energy, weatherization or climate resiliency? If so, what are the entities and
how successful are they?

CCRPC staff is aware of several active federal grants in Vermont related to climate infrastructure
improvements:

e The Agency of Natural Resources’ Climate Action Office has secured planning funds through the
EPA Climate Pollution Reduction Grant. The Agency intends to apply for implementation funds

through the same program in April 2024.

e Energy Futures Group, a non-profit in Hinesburg, Vermont, recently received a grant from the US
Department of Energy (DOE) to study state-wide building energy code compliance. Our
understanding is that these funds have been used to support the work of the Building Energy Code
Study Committee, which was created as a part of the HOME Act.

e Northeast Energy Efficiency Partnerships (NEEP) and Vermont Clean Cities Coalition (VCCC) were
recently granted an award from the US DOE Vehicle Technologies Office (VTO). The $1.2 million
grant will support the development of Community Driven Transportation Plans in New England
(including Chittenden County).

e Burlington Electric Department (BED) and VELCO were both granted awards via the US DOE, Grid
Deployment Office Grid Resilience and Innovation Partnerships Program (GRIP). The BED grant is
to support better utilize Smart Grid technology ($1.2M) and the VELCO grant is to install grid
enhancing technology in Northwest VT.

e Burlington International Airport Voluntary Residential Sound Insulation Program, funded partially

through a Federal Aviation Administration (FAA) grant, will mitigate noise from the airport and also
offer the co-benefit of weatherization for 2,500 homes in Winooski, South Burlington, Williston,
Colchester, and Burlington.

e The Energy Efficiency and Conservation Block Grant (EECBG) Program allocated money to Vermont

Counties (e.g. county courts) and the ten highest populated municipalities in the State. Each were


https://www.epa.gov/inflation-reduction-act/climate-pollution-reduction-grants
https://www.epa.gov/inflation-reduction-act/cprg-implementation-grants
https://publicservice.vermont.gov/efficiency/building-energy-standards/building-energy-code-study-committee#:~:text=Act%2047%2C%20passed%20in%202023,evaluate%20current%20cost%2Deffectiveness.
https://publicservice.vermont.gov/efficiency/building-energy-standards/building-energy-code-study-committee#:~:text=Act%2047%2C%20passed%20in%202023,evaluate%20current%20cost%2Deffectiveness.
https://ccrpcvt.sharepoint.com/:b:/r/sites/Shared/Shared%20Documents/Energy/VT%20Clean%20Cities%20Coalition/2611-1756_Northeast%20Energy%20Efficiency%20Partnerships_Summary.pdf?csf=1&web=1&e=tF6Ytv
https://www.energy.gov/sites/default/files/2023-10/DOE-GRIP-Burlington-Electric-Department.pdf
https://www.energy.gov/sites/default/files/2023-10/DOE-GRIP-Electric-Power-Research-Institute.pdf
https://www.btvsound.com/sound-insulation-program/
https://www.energy.gov/scep/energy-efficiency-and-conservation-block-grant-program

awarded around $75,000 in funding. The program can be used to support energy efficiency and
fossil fuel emission reduction-related work. Chittenden County Regional Planning Commission has
provided funding and staff resources for energy planning for our member municipalities.

What do you estimate as the total investment amount required by your industry to support necessary
climate infrastructure needs in Vermont? How did you arrive at this estimate? Alternatively, do you
have suggestions on approaches / frameworks to estimate this need?

CCRPC does not have an estimate of total investment required to support necessary climate
infrastructure.

ISO-NE and VELCO have some estimates about the cost of upgrading the transmission system. CCRPC
recommends consulting with the Climate Action Office and the Public Service Department to understand
if there are total cost estimates in the Climate Action Plan or the Comprehensive Energy Plan.

How can we build on these efforts and unlock the door to additional capital import? How do we
integrate various efforts so they are not competing for time, attention, etc.

CCRPC recommends focusing on refining and enhancing existing programs with a renewed commitment
to decarbonizing transportation and building thermal energy use (primarily via EVs and heat pumps) in
conjunction with energy efficiency and vehicle miles traveled (VMT) reduction. Greenhouse gas
reduction should be the primary goal.

Coordination among state agencies is necessary to efficiently and effectively combat climate change.
RPCs are a key player in assisting and supporting the planning and implementing of state programs at
the municipal level. RPCs have strong existing relationships and familiarity with municipalities.
Additionally, RPCs have the ability to assist the state with making changes at a regional scale.

What are the gaps or barriers in this work?

Vermont’s historical focus in the energy sector has been on energy efficiency because consensus
regarding human induced climate change caused by the burning of fossil fuels had not yet been reached.
Our investments now need to reflect a pivot from efficiency to decarbonization and reducing
greenhouse gas emissions according to the Global Warming Solutions Act requirements.

This change will face some local opposition from businesses and workers that have historically made
their living from fossil fuel consumption. Educating businesses on how to profit from decarbonized
solutions, educating workers and Vermont residents regarding new technologies must be part of the
investment and be a large part of the implementation of the Affordable Heat Act.

Climate change has been shown to disproportionately affect marginalized communities. These
communities often face higher levels of vulnerability due to factors such as limited access to resources,
inadequate infrastructure, and socioeconomic disparities. For example, VT Digger reports that “Market
pressures ... are constantly pushing lower income people further and further toward options that reduce
their quality of life — older, more degraded housing stock, or housing stock that churns through natural


https://vermontbiz.com/news/2023/november/02/new-england-electric-transmission-system-upgrade-could-cost-26-billion-2050
https://www.velco.com/assets/documents/2021%20VLRTP%20to%20PUC_FINAL.pdf

disasters more quickly.”! This problem could be exacerbated as Vermont develops a national reputation
as a climate refuge and people with the financial means relocate to Vermont to avoid the impacts on
climate change in other parts of the country.

The initial up-front cost of transitioning to electrification in the renewable energy generation, heating,
and transportation sectors will be burdensome to marginalized communities. Therefore, investments
should tackle the needs of marginalized communities first by including targeted strategies that consider
their specific histories, sociocultural, and economic realities.

Careful consideration of the cost of decarbonizing and upgrading grid infrastructure is needed to ensure
that policies are not burdening Vermont’s electricity rate payers. Currently, rate payers are faced with
substantial costs for paying for weatherizing buildings, converting to electric heating sources, purchasing
cleaner vehicles, and for paying for grid infrastructure upgrades that are passed on to the customer
through utility bills. Federal and state policy leadership is needed to reduce the cost to low-income
households and marginalized communities. The responsibility to decarbonize and fight climate change
should not completely be passed off to individual Vermonters or municipalities.

Lastly, the importance of land use planning that can effectively achieve our state planning goals to
“maintain the historic settlement pattern of compact villages and urban centers separated by rural
countryside” cannot be underestimated. Our state greenhouse gas emission reduction goals, our
working lands goals, our housing goals, and our transportation goals (particularly related to public
transit) are all directly tied to the effectiveness of our land use planning and regulation. This policy and
planning work cannot be forgotten during our state’s energy transformation.

Topic 3: What does Vermont need to pursue its share of federal, private, or philanthropic funds to
conduct climate infrastructure improvements?

How could financing address these barriers experienced by underserved and rural communities? What
other barriers exist?

Financing municipal projects with local tax revenues is unpopular and municipal officials are hesitant to
raise municipal taxes for projects deemed not urgent. Free programs and grants are very popular as
municipalities are constantly scanning for ways to show taxpayers that they are fiscally responsible by
keeping tax rates low. However, staff resources to apply for grants at the municipal level are very limited
so funding mechanisms should remove unnecessary applications or reporting processes for accessing
funding. Consider learning more about trust-based philanthropy to remove funding barriers to make
fighting climate change more just and equitable.

Financing is always considered a last resort at the municipal level; successful financing options must be
very attractive and will be more popular when they provide a tangible return on investment, such as
lower energy costs.

What resources (including technical assistance) does Vermont need to pursue currently available
federal funding/financing, private capital or philanthropic funds and be more competitive?

1 Duffort, Lola. " The flood waters disproportionately hit Vermont's affordable housing stock — at the worst time."
VTDigger July 31, 2023, Economy section. https://vtdigger.org/2023/07/31/the-flood-waters-disproportionately-hit-
vermonts-affordable-housing-stock-at-the-worst-time/



https://legislature.vermont.gov/statutes/section/24/117/04302
https://www.trustbasedphilanthropy.org/
https://vtdigger.org/2023/07/31/the-flood-waters-disproportionately-hit-vermonts-affordable-housing-stock-at-the-worst-time/
https://vtdigger.org/2023/07/31/the-flood-waters-disproportionately-hit-vermonts-affordable-housing-stock-at-the-worst-time/

Vermont needs to develop an updated greenhouse gas emissions inventory and monitoring program.
This will be an ongoing requirement for future federal funding and state-wide policy decisions. This
resource should also be shared with RPCS and municipalities to achieve alighnment.

What is needed to improve clean energy and resilience project identification and implementation?
How would strategic planning or a focus on coordination among parties and/or financing entities
support project implementation? What entities do you currently look to (can include your own) for
this strategic coordination?

The ANR Climate Action Office (CAQ) is in the best position to coordinate state-wide strategic planning
and funding allocation for greenhouse gas reduction and climate adaptation projects. Build upon the
EPA’s Climate Pollution Reduction Planning Grant (CPRG) model where the Vermont CAO tapped RPCs
to help identify municipal projects to be included in the State’s Priority Climate Action Plan. This CPRG-
funded Priority Climate Action Plan is a prerequisite to apply for a portion of the $4.3 billion available to
states, tribes, and local governments for implementing the Priority Climate Action Plan by funding
projects to substantially reduce greenhouse gas emissions by 2030.

The Vermont Public Service Department is an entity and resource for coordinating clean energy projects
with RPCs and municipalities. Additionally, Vermont Department of Buildings and General Services in
partnership with RPCs has developed the MERP program in a way that is relatively easy for municipalities
to participate in decarbonizing public buildings.

RPCs provide coordination between state agencies and municipalities across a wide range of topics
including energy planning. Many RPCs have a dedicated energy planner. Some larger municipalities also
have staff dedicated to climate, energy, or sustainability issues. These folks should also be consulted with
as a part of any statewide project.

Are current state agency programs and existing nongovernmental organizations in Vermont sufficient
to achieve these goals or does there need to be a new governmental, quasi-governmental, or
nonprofit to assist in this? What do you envision its role to be and how would it work with current
state agencies and groups?

Current state agency programs are generally sufficient at providing adequate staffing of state agencies.
The State CAO should coordinate work to achieve state-wide targets and goals. The CAO will likely need
additional capacity to scale up into this coordinating role. The State should also consider funding existing
organizations that can also assist with statewide coordination (such as RPCs), if deemed appropriate.

Thanks again for the ability to provide feedback. If | can provide any additional information, please
contact me at 802-846-4490 or cbaker@ccrpcvt.org. Thank you for your consideration.

Sincerely,

C?/é‘/{" ;‘\7 jz%f

Charles Baker, Executive Director



Vermont Housing & Conservation Board

November 3, 2023

Mike Pieciak

Office of the State Treasurer
109 State Street

Montpelier, Vermont 05609

Re: Financing Vermont’s Climate Infrastructure

Dear Treasurer Pieciak,

The Vermont Housing & Conservation Board (VHCB) is pleased to submit comments about the
needs we see for financing climate infrastructure in Vermont, and the role VHCB can play in
addressing these needs. We see needs for investments across the spectrum of climate adaptation,
mitigation, and resilience, and VHCB is interested to discuss what role we can play in any green
finance initiative. In particular, we recommend further consideration of how to use our existing
funding infrastructure to finance nature-based solutions that address our climate goals.

1) Introduction and Background on VHCB
The Vermont Housing & Conservation Board supports the preservation and development of
affordable housing; the conservation of agricultural land, forestland, natural areas, and
recreational land; the restoration of historic public properties; and provision of technical
assistance to working lands businesses. Since our creation in 1987, we have worked with robust
networks of affordable housing developers, land conservation organizations, farm and forest
business planners, municipalities, and others to fund and implement projects. We have
administered and awarded over $400 million in Housing and Conservation Trust funds,
leveraging $2.2 billion in federal, philanthropic, and private funds. We are increasingly focused
on climate resilience through our work - particularly in the area of nature-based solutions to
climate change - and thank the Treasurer’s Office for engaging in this process of exploring how
to better coordinate, fund, and implement climate solutions in Vermont.

2) VHCB’s existing programs and how they support investments in climate solutions
Since our creation in 1987, the Vermont Housing & Conservation Board (VHCB) has supported
the creation and preservation of over 15,000 units of affordable housing in Vermont; the
conservation of 446,617 acres of agricultural and recreational lands, forestland and natural areas;
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and the restoration of 81 historic community buildings for public use. We have awarded over
$400 million in state resources to nonprofit housing and conservation organizations, towns,
municipalities and state agencies to conserve land, develop housing and restore historic
community buildings in more than 200 towns. This investment has directly leveraged
approximately $2.2 billion from other private and public sources.

Since our founding 35 years ago, through our conservation investments we have helped keep
446,617 acres of land open and protected from development, and in so doing contributed to rural
economic development, farm and forest viability, and ecological conservation goals. We have
supported the protection of over 900 individual farm parcels, preserving 170,918 acres of open
space and food production capacities. We have supported the protection of 275,699 acres of
natural areas, forestland and public recreation lands, many of which yield important ecosystem
functions such as clean water and air, water storage and retention, biodiversity protection, and
protecting the ability of our natural communities to adapt and migrate to a changing climate. Our
conservation programs match federal funds from agencies like the Natural Resources
Conservation Service Agricultural Conservation Easement Program or the U.S. Forest Service’s
Forest Legacy Program. VHCB is recognized as a national farmland conservation leader,
conserving more acres and utilizing more NRCS funding than most other states. We are also one
of just a handful of NRCS certified entities nationwide, a designation which has eased our work
with partners to draw down federal funds and conserve land at an expedited pace.

VHCB’s Farm and Forest Viability Program supports business planning, technical assistance,
and succession planning for farms, forest businesses, and forestland owners, and awards grants to
support water quality improvements and business plan implementation. The Viability Program
has worked with over 900 businesses since its inception 20 years ago. Our Rural Economic
Development Program supports municipalities and working lands businesses with writing grant
applications. In 2022 alone we used $200,000 in REDI funds to help 27 small communities to
apply for grants, resulting in more than $3.1M in awards.

VHCB has also funded projects that cross the conservation and housing elements of our mission,
particularly to reduce risk for homes located in flood-prone areas. For instance, following
Tropical Storm Irene, we supported a project that included the buyout of 7 homes located on
Water Street in Northfield. We leveraged FEMA and other funds to support the removal of
homes that flooded during Tropical Storm Irene to create the Water Street River Park in
Northfield. This park project included restoration of floodplain areas along the Dog River, so that
in future floods this parcel can retain and slow the downstream flow of waters.



3) Enhancing Funding for Resilience, Adaptation, and Mitigation Through Nature-Based
solutions

VHCB is interested in enhancing our existing investments and developing new programs to
support climate resilience through nature-based solutions. In particular, we can play a role in
leveraging emerging federal and philanthropic sources and allocating funds to support nature-
based solutions. We already fund projects with an established network of conservation and land
trust partners. We are interested in drawing down federal funds that support climate mitigation
and resilience and in bringing in new partners to implement and steward this work.

As we engage in the Vermont Conservation Strategy Initiative (Act 59, 2023), we will explore
the types of investments that are needed to support biodiversity conservation and community
resilience across the state. Notably, this legislation requires us to protect 30% of the state’s lands
and waters by 2030, and 50% by 2050. This will require both increasing the pace and scale of
our existing conservation work, and exploring new tools, in new places, for accomplishing new
types of conservation work (i.e. aquatic conservation tools). We are especially interested in
working with partners to explore new areas of resilience work such as restoring floodplains,
conserving wetlands, and river meanders. As we engage in our conservation strategy work,
which is primarily a planning process, we are simultaneously beginning to explore new federal
and other funding sources so that we are prepared to implement this vision.

Our Farm and Forest Viability Program sees many ways that enhanced investments in working
lands businesses can support increased climate resilience outcomes. For instance, we see
enabling land access for farmers as a critical part of climate infrastructure. Increasing affordable
access to agricultural land makes it possible for young farmers to access land to grow food,
invest in soil health, and implement conservation practices on their land. However, a lack of
available, affordable farmland and few farmland financing tools limit this pathway. Most farm
and forest businesses are actively seeking ways to increase their land stewardship, whether to
meet RAPs or AMPs, or to exceed them. However, administrative burdens, long timelines, and
low payments for incentive programs can be barriers to working lands businesses adopting new
technologies or practices. Thus, we are supportive of new programs to support farmers in
improving land management practices. Working lands businesses need financial support to
access the next-generation equipment and infrastructure that will contribute to Vermont’s energy
reduction goals - such as increased use of solar, electrification, and harvesting equipment that has
a low impact to soil health.



4) Enhancing Funding for Mitigation through Energy Investments

Through our housing investments, we encourage consideration of climate resilience through
requiring (and funding) energy efficiency measures. Since 2008, VHCB has had policies in place
requiring that advanced energy efficiency measures be considered in the design of housing
projects. VHCB includes energy efficiency requirements in our design standards because of the
critical economic and health benefits that accrue to the low- and moderate-income residents of
these homes, and to help the state meet its goals for carbon reduction. According to VHCB’s
current building design standards, funded housing units must be developed to the Efficiency
Vermont Multifamily high performance energy tier. These advanced energy efficiency standards
increase the cost of affordable housing production substantially. VHCB commissioned a cost
study in 2021 by Naylor and Breen that indicated that energy efficiency requirements increases
the cost per unit by 16%. Vermont’s energy incentives do not currently sustain this scale of
investment.

VHCB views it as critical that Vermont continue to enhance its energy efficiency incentives as a
key tool to help low- and moderate-income Vermonters share in the benefit of the state’s energy
efficiency policies. We see much existing strength in Vermont’s energy sector and have
confidence that existing service providers and funders of energy efficiency, weatherization, and
renewable energy generation are developing systems to leverage energy infrastructure dollars.

However, we also believe it is critical that as we transition our energy systems to use more
renewable sources and make investments in existing housing stock, equity must be a central
guiding principle. Increased investment and coordination will be necessary to ensure that the
benefits of energy investments are available to all. Affordable housing developers and partners
can play a role in targeting energy investments to low income household, and VHCB can play a
role connecting housing development partners to energy incentives.

5) Working in Partnership
Vermont is fortunate to have strong networks of state agencies, nonprofit, and for-profit entities
who are working together to address climate adaption, mitigation, and resilience goals. VHCB
has long worked across affordable housing, land conservation, community development, and
working lands business assistance communities of practice, and in partnership with our state
agencies, to enact our mission. We provide partner’s with capacity funding so that they can
develop a robust pipeline of projects, and we fund implementation of these projects. We are
primarily a funder, administering both our own and federal sources of funds, and we rely on our



partners to have boots on the ground to develop and implement projects. We believe the same
approach is needed as we explore how Vermont can access funding for and implement climate
adaption, mitigation, and resilience projects. We must work across existing organizations and
networks of partners, while adding new connective tissue to ensure that investments are strategic
and well-coordinated.

6) In Conclusion
We are ready to work with our existing and new partners to administer funding for nature-based
solutions that support resilience and adaptation measures. We aim to support on-the-ground
needs across multiple facets of climate finance: sequestering more carbon through improved land
management practices; fostering adaptation and resilience through nature-based solutions; and
encouraging investments in energy efficiency and renewable generations through our network of
affordable housing partners to ensure that these investments reach all Vermonters. We also see
increased roles we can play in funding new types of nature-based solutions, and administering
new types of funds to support these investments. We look forward to doing this work together
with our partners, and in coordination with other entities in the state focused on climate action,
adaptation, and resilience.

Sincerely,

Gus Seelig

Executive Director

Vermont Housing & Conservation Board
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State of Vermont Agency of Natural Resources
Climate Action Office
1 National Life Dr, Davis 2 [phone] 802-828-1294

Montpelier, VT 05620-3901
anr.cao.gov

MEMORANDUM
To: Office of the State Treasurer
From: Climate Action Office
Date: November 3, 2023
Re: Request for Public Comment: Climate Infrastructure Spending

This memo is intended to provide comments to the Treasurer's Office to support the development
of recommendations to the Legislature around how to coordinate the State’s climate infrastructure
financing efforts. In developing these recommendations, the Treasurer’s Office has been
collaborating with stakeholders to create a framework for effective collaboration among Vermont
organizations, agencies, and the financial instrumentalities of the State to maximize the amount of
federal Greenhouse Gas Reduction Funds the State may receive and effectively coordinate the
deployment of these and other greenhouse gas reduction funds. These comments are intended to
provide background information in support of this initiative. A more detailed conversation is
expected when we have our one-on-one meeting with the Treasurer’s Office.

Climate Action Office

The Climate Action Office (CAO) is named as one of a few specific stakeholders the Treasurer’s
Office is required to speak with in the governing legislation driving this initiative. Housed in the
Secretary’s Office of the Agency of Natural Resources (ANR), the CAO plays a unique role in
government and one that should be considered closely as an infrastructure for climate financing is
contemplated. Vermont’s Act 153 (2020) — the Global Warming Solutions Act, or GWSA —
established an ambitious timeframe and scope of work to advance climate action in Vermont. The
first objective was the development of the Initial Vermont Climate Action Plan (“Plan”) which
was developed by the Vermont Climate Council, with significant support from state staff, and
adopted on December 1, 2021. The Plan identifies specific initiatives, programs, and strategies
necessary to achieve the State’s greenhouse gas (GHG) emission reduction requirements, enhance
carbons storage and sequestration, achieve net zero emissions by 2050, and build resilience and
adaptation in our natural systems and built environment. A key recommendation of the Plan was
the creation of the CAO.

The policies, programs and tools needed to implement climate mitigation, adaptation, and
resilience strategies require a long-term intergovernmental structure to coordinate and manage this
statewide effort. The CAO coordinates and provides significant expertise and capacity on state-led
climate initiatives, as well as the monitoring, assessment and tracking of climate adaptation,
mitigation, and resilience activities necessary to evaluate progress over time in achieving the
requirements of the GWSA through implementation of the Plan. To carry out this work, the CAO
works closely with staff across ANR, other state Agencies, the state climatologist, and key
stakeholders. This coordination is critical to ensure the programmatic functions of the CAO are
additive and supportive of existing climate action work in state government.
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The CAO supports a state vision for climate action across state government. To do so, it works
closely with the Departments and Programs in ANR, but also across state Agencies, to understand
the actions state government are taking to make measurable progress to meeting the requirements
and goals of the Global Warming Solutions Act. To further advance coordination across state
Agencies, an Inter-Agency Advisory Board (IAAB) was set up that meets regularly. It was a
priority to stand up this advisory board early in the process as they were critical to the
development of the CAO work priorities. It includes senior level officials from the various
agencies engaged in climate action.

The objectives of this group are as follows:

1. To provide a space for proactive coordination on climate action across state government.

2. Articulating where policy and financial implications overlap around climate action to ensure
resources are maximized.

3. To support the monitoring of progress over time in meeting the state’s climate goals.

4. Identification and framing up of gaps where the climate action office might prioritize
support.

5. Development of state positions on issues related to climate change.

It includes the following governmental agencies:
e Public Service Department
Vermont Agency of Transportation
Agency of Natural Resources
Vermont Emergency Management
Agency of Agriculture, Food, and Markets
Buildings and General Services
Agency of Human Services (Department of Children and Families and Vermont Department
of Health)
Agency of Commerce and Community Development
State Climatologist

Over the last year, the JAAB to the CAO has collaborated on several notable efforts, including
development of legislative talking points for the 2023 session, a comprehensive inventory of the
status of actions in the Plan, an assimilation of priorities for the Congressional delegation in
response to the flooding, and most notable to this effort, collaboration on the review and support
needed to access funding from the Inflation Reduction Act (IRA). In support of the conversations
around the IRA, CAO staff reviewed and prepared summary guidance to the IAAB on funding
related to the covered Agencies. CAO efforts in this space were leveraged through its role
representing the Governor on the U.S. Climate Alliance.

A particular example that highlights the significance of this Board in leveraging inter-Agency
coordination to maximize resources to advance climate action is with respect to the Climate
Pollution Reduction Grant (CPRG) authorized under the IRA. Through discussion with the IAAB,
the CAO was determined to be best positioned to opt-in to the Planning Grant which was required
to access the $4.6 billion competitive implementation grant fund. In July of 23, ANR was awarded
a $3M Planning Grant as part of Environmental Protection Agency’s CPRG Program. The first
deliverable of the Planning Grant is a “Priority Climate Action Plan” or “PCAP”. The PCAP is
meant to include sector-specific climate mitigation measures that are ripe for implementation and
that can have meaningful emissions reduction and sequestration impacts. The CAO has been
taking a “whole of government” approach to determining what measures are appropriate for
inclusion in the PCAP by working closely with the IAAB to review and prioritize actions included
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in the Plan. This exercise has yielded a suite of measures that are based on the Plan’s actions that
have not been implemented or have been advanced or implemented but need further funding to
achieve additional emission reductions or sequestration. The CAO will continue to work with our
interagency partners to compile and submit the PCAP by the end of this calendar year.

Following the submittal of the PCAP, an entity of the state may submit an application to EPA for a
CPRG Implementation Grant by April 1, 2024, which will fund measures put forward in the
PCAP. Measures not included in the PCAP are ineligible for Implementation Grant funding.
Guidance from EPA indicates that this will be a highly competitive funding opportunity, and only
one round of funding will be awarded for the $4.6 billion dollars in funding available. Therefore,
this represents a significant opportunity to gain access to federal funding to make progress on
mitigation and sequestration program implementation that is tailored to meet Vermont’s specific
needs.

Based on the current measures conceived in the PCAP, the Implementation grant will include
measures that would be implemented by the Secretary’s Office, ANR Departments, the Public
Service Department, the Agency of Transportation, the Agency of Commerce and Community
Development, the Agency of Agriculture, Food, and Markets, Buildings and General Services, and
Regional Planning Commissions. Other partners may be added to the list as the number and types
of measures evolve in the planning process. As we finalize the list of measures to include, we are
weighing how to put forward the most competitive grant knowing that the funding floor is $2
million, and the maximum is $500 million but the CAO has provided valuable coordination and
oversight to maximize the state’s opportunity in this space.

Civil Rights and Environmental Justice Unit

The communications and engagement work in the CAO is benefited and supported by the
collaboration with the Civil Rights and Environmental Justice Unit (CREJU) which was
established in the Secretary’s Office of ANR in 2022. As a central theme of the stakeholder
engagement questions asked by the Treasurer’s Office focused on how to reach communities that
have not traditionally been at the table, we recommend that the Treasurer’s Office meet with the
CREJU prior to drafting recommendations in this space. That conversation can be done in
partnership with the CAO or separately as the two Offices work closely.

ANR is committed to ensuring that everyone living in and visiting Vermont has meaningful access
and equal opportunity to participate in Agency programs, services, and activities and that everyone
feels safe and welcome on Vermont’s public lands. The CREJU supports and advances that
mission. Additionally, the CREJU oversees the implementation of Vermont’s Environmental
Justice (EJ) Law. Also known as Act 154 of 2022, the Vermont EJ Law is the state’s first law
specifically meant to address environmental health disparities and improve the health and well-
being of all Vermont residents. The EJ Law establishes Vermont’s Environmental Justice State
Policy.

The purpose of the EJ Law is to ensure all Vermonters regardless of race, cultural background, or
income have equitable access to environmental benefits such as clean air and water, healthy food,
and public transportation. The EJ Law also protects communities from disproportionate
environmental burdens such as polluted air and water, climate change impacts, and limited access
to green spaces. The Environmental Justice Law requires State agencies to meaningfully engage
Vermonters in the environmental decision-making processes.
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Similar to the implementation of the GWSA, the EJ Law creates an EJ Advisory Council and an
Interagency Environmental Justice Committee. The Advisory Council is composed of a range of
community representatives, and they provide independent advice to State agencies and the General
Assembly on matters related to environmental justice. The Interagency Committee is composed of
representatives from ten State agencies, and they coordinate State agency implementation of the
EJ Law. Over the coming years, the Advisory Council and Interagency Committee will work
together to implement the EJ Law and ensure that State agencies embed environmental justice
throughout the development, implementation, and enforcement of environmental laws,
regulations, and policies.

Technical Analyses

The following technical analyses led by the CAO are relevant background information to support
this initiative:

Final Pathways Analysis

The final analysis and detailed scenario modeling using the Low Emissions Analysis Platform
(LEAP) model, presenting details on the pathways, strategies, policies, and actions that meet the
requirements of the GWSA across three time periods: 2025, 2030, and 2050 was finalized in
February of 2022. The LEAP model was also the basis for the Comprehensive Energy Plan which
was updated in 2022. One of the key findings of this analysis showed that meeting the pollution
reduction requirements of the GWSA is not only possible, but that it would be good for the state’s
economy. The analysis noted that in comparison to the baseline or “business as usual,” by 2050
the central mitigation scenario modeled in LEAP offers $ 6.4 billion of net (economic) benefits.

Marginal Abatement Cost Curve Report

This report provides additional analysis of the projected net costs and savings over time for the
measures needed to meet our emissions reductions requirements. The “measures” which are
analyzed were the ones included in the central mitigation scenario developed in the Final
Pathways Analysis designed to meet our emission reduction requirements. The analysis indicates
that there are mitigation measures that will result in net savings over time while others will never
overcome their upfront costs. In part, this will reduce the overall cost of reducing emissions to the
required levels over time. However, all the measures analyzed need to be implemented to meet the
2030 and 2050 targets in the central mitigation scenario. So, while ideally the GWSA targets could
be achieved by implementing only measures with negative or low marginal abatement costs, those
measures cannot be scaled to meet the targets. A presentation was delivered to the Cross-Sector
Mitigation Subcommittee which explores the challenges of considering individual measures on
their own.

Forthcoming Resilience Investment Analysis

Through funding allocated to the CAO in the FY24 budget, staff are working to develop a
resilience and adaptation investment analysis in collaboration with key stakeholders such as the
Gund Institute and FEMA. This analysis will speak to the deferred damage cost savings of
investing in resilience and adaptation strategies.


https://climatechange.vermont.gov/sites/climatecouncilsandbox/files/2022-03/Pathways%20Analysis%20Report_Version%202.0.pdf
https://outside.vermont.gov/agency/anr/climatecouncil/Shared%20Documents/MAC%20Curve%20Deliverable%20Memo%20Clean%20Version.pdf

VERMONT'S VOICE

November 2, 2023

Michael S. Pieciak, Treasurer
Office of the State Treasurer
109 State Street

Montpelier, Vermont 05609

Subj: Climate Infrastructure Financing

Dear Treasurer Pieciak,

Thank you for the opportunity to submit comments on Vermont’s climate infrastructure financing needs
and opportunities. We applaud your efforts to maximize the amount of federal Greenhouse Gas Reduction
Funds the State may receive and effectively coordinate the deployment of these and other greenhouse
gas reduction funds, but we encourage you to think beyond federal (i.e., taxpayer) dollars and seek
infrastructure funding from the giant fossil fuel companies that knowingly polluted our atmosphere and
created the climate crisis in the first place.

It's clear that climate change is hitting Vermont hard and costing us billions. A recent report by Rebuild by
Design, the Atlas of Disaster: Vermont, found that our state has experienced the 7" highest number of
climate-related disasters in the country and has the 5™ highest per capita spending recovering from those
disasters. Preliminary estimates are that over 4,000 homes, 800 businesses, and more than 100 farms
were damaged in this summer’s flooding. And those figures do not capture the harms (and costs) caused
by one of the warmest winters on record that forced ski areas to close and impacted tourism in January;
the freak frost in May that damaged crops across the state; the wildfire smoke that affected worker
productivity; and the record heat that contributed to algae blooms and impacted the health of many of
Vermont’s most vulnerable citizens. All this damage can, in part, be attributed to our changing climate;
but those most responsible for changing the climate are not being held accountable.

Companies like ExxonMobil and Shell have known for decades that their products —when used as directed
—would alter the climate. Instead of acting responsibly, however, they acted to protect their profits. They
covered up what they knew and funded a massive disinformation campaign designed to confuse the press,
the public and policymakers. That disinformation campaign continues to this day.

As you are aware, this ongoing deception is central to the Attorney General’s argument in Vermont v.
Exxon Mobil Corp., which contends that Big Oil companies with Vermont business presence have been:

engaging over a long period of time in numerous deceptive acts and unfair practices in
connection with their marketing, distribution, and sale of gasoline and other fossil fuel
products to consumers within the State. Through their knowing, deceptive acts and
practices, including multiple misrepresentations and knowing failures to disclose material
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facts, Defendants have sought to mislead Vermont consumers about the risks and dangers
of their products, including the causal connection between the sale and use of their
products and climate change, and thereby deny Vermont consumers their opportunity to
make informed and different decisions regarding fossil fuel purchases and consumption.
These unfair and deceptive acts and practices are ongoing.

Why should these companies ~ which are making billions in profits while deceiving Vermonters — be let
off the hook for the damages their products have caused? Taxpayers should not be the only ones paying
to rebuild and harden Vermont’s infrastructure.

Big Oil has been reporting staggering profits this year. Of just the co-defendants in Vermont v. Exxon Mobil
Corp., they have reported more than $100 billion in profits so far this year:

Company YTD Net Income (Billions)
ExxonMobil $28.38 thruQ3
Shell $11.84 thru Q2
Motiva Enterprises (Saudi Aramco) $62.00 thru Q2
Sunoco $0.23 thru Q2
Citgo $1.37 thru Q2
Total YTD Net Income $103.77

It is unconscionable that these massive corporations are allowed to pollute for free while raking in record
profits off the backs of Vermont consumers. As you wrote on Earth Day earlier this year, “As Vermont
explores ways to finance the necessary investments to help combat and adapt to climate change, it only
seems fair to ask those who most significantly contribute to the problem to help foot the bill.”

This is an opportunity to advance that sentiment. The companies that created the mess in the first place
should also pay a fair share and your recommendations to the General Assembly regarding legislation
for Vermont's climate infrastructure financing should make that clear.

Sincerely,
W"‘/
Thomas Hughes

Senior Strategist
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Climate Infrastructure Financing Report
Appendix B — Public Comment (Email) for Al Query

Funding municipal positions that could be shared between two or three municipalities would
help address capacity issues in the Northeast Kingdom (NEK). Those job descriptions should
include responsibilities related to advancing climate, energy, resilience, and sustainability goals
within their communities and that are aligned with regional and state efforts.

As an organization that manages natural resources projects for landowners, CRC has noted that
the bottlenecks that we run into generally are focused around lacking organizational capacity to
accommodate the already existing funds that we have access to. We have multiple projects lined
up based on communication that has already happened with willing landowners, and access to
the funding streams to do them, but we don’t have the staff to carry them out — basically
managing the projects for the landowners, applying for grants, writing the RFPs and contracting
with designers and construction crews. As an organization, we are desperately in need of
additional funds to increase staff capacity, both in the management of projects, but also in the
administrative management of those larger federal funds and the associated reporting and
auditing required to accommodate them.

We have also noticed the gap in funding needed to do basic education and outreach to help
landowners understand how natural resource projects can create community resilience, and how
to access the funding and technical assistance to implement those projects. Many of the NGOs
and watershed groups in the state are reaching out to do direct community education that can
result in projects — we need additional funds to support organizational capacity around this type
of education and outreach.

An additional very practical gap is that there are not enough nurseries in the state to
accommodate the amount of natural resource projects that are currently being done. We need
someone to be growing more native trees and bushes to supply for restoration projects.

The natural resource-based climate change resiliency work that we do is done in partnership with
the local RPCs, Conservation Districts, watershed groups and other NGOs directly in
relationship with local landowners who are willing to have these projects (such as dam removals,
floodplain restoration, upsizing of culverts, riparian buffer plantings) done on their land. On the
eastern side of the state there is a very collaborative effort to coordinate our work. We often
refer a landowner to another partner that may have more expertise on a particular project, or we
consolidate projects to bundle them to access funding, or if one organization does not have the
capacity to take on a project, we may pass it off to a partner to manage. Information sharing is
done through our DEC Tactical Basin Planners and regional check in meetings.

As a four-state watershed organization, we routinely apply for federal funds through the
Regional Conservation Partnership Program, the National Fish and Wildlife Foundation, the
Long Island Sound Futures Fund, etc., and we are one of the partners working to help stand up
the Connecticut River Watershed Partnership Act. We are a large enough organization to cobble
together multiple federal, state, and private foundation grants to provide match internally for our
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work, but we are in a privileged position. Most of the smaller watershed organizations do not
have the internal organizational infrastructure to access federal (or sometimes even state)
funds. Developing a mechanism to pass through federal and state funding to smaller
organizations without too much bureaucracy is key.

Centralizing access to federal and state funds in a way that is easy to access and flexible to use
would help move the money into resilience projects more effectively. To be more effective in
moving state Clean Water Fund moneys out, over the past several years the ANR developed
block grants that consistently go to the same entities to distribute. This mechanism and the
Clean Water Service Providers were put in place to solve the Agency’s struggle with trying to
get grants out and manage them, without being able to hire additional staff to do that. The
process for this is better since the block grants have been established, but it is still complicated
and cumbersome given the small amount of funding provided. CRC has consistently turned to
relying on larger federal grants for a watershed wide approach to do multiple projects over
several years, instead of applying for state funding that has to be focused on one aspect (eg.
Design or implementation) of one project at a time. It would be amazing if the State could
establish a pathway for block grants to be given to the partners already doing the work to use
more flexibly to move multiple projects forward through multiple stages of project
development. Could entities such as CRC, the Conservation Districts, and other NGOs be vetted
through a preferred vendor process for the pass through of larger lump sums for work over
multiple years?

1. Green Workforce Development

-Including bonus pay for weatherization workers to ensure that weatherization work pays more
than other home contracting work. (This is important because folks skilled in weatherization are
choosing to use their overall skillset to do easier work for the same pay. Similarly, folks skilled
in home contracting see no need to gain skills in weatherization as they already have as much
work as they want, at the same pay as weatherization, that is more pleasant to do than
weatherization)

2. Sustainable transportation infrastructure, including bus only lanes on major corridors

3. Fare-free, expanded, electric public transportation

4. Larger subsidies at the point of sale for ebikes, as well as greater ebike marketing/advertising
5. Major expansion of EV charging infrastructure

6. Incentives for sustainable, mixed use, transit-oriented development, particularly when that
development occurs on top of existing parking lots

7. Regulatory assistance for communities that adopt stronger building codes/decarbonization
requirements than the state
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In February 2018, Congress enacted key provisions of the Disaster Recovery Reform Act
(DRRA), comprehensive legislation that created a national strategy for investing in disaster
mitigation and response.

The Community Disaster Resilience Zones (CDRZs) Act of 2022 (S. 3875) requires FEMA to
use data from its National Risk Index to establish CDRZs and designate communities across the
country most in need of mitigation projects. These communities would be assisted in accessing
federal funding for mitigation and resiliency purposes.

1) burning wood for heat has a larger net carbon footprint than propane or fuel oil (not to
mention the particulate matter pollution from burning wood) so why provide incentives for wood
burning appliances? Wood should be used for construction where it will store carbon for at least
another century. Discourage burning wood for heat.

2) a) if reducing greenhouse gases is Vermont’s priority why are the incentives income sensitive?
If the incentives were not income sensitive more people that can actually afford to buy energy
efficient appliances or electric vehicles may choose to do so. We would reach are carbon
reduction goals faster if the incentives were not based on income.

b) what are the current lower income ev purchasers going to do when they need to replace the
battery pack or purchase a replacement vehicle? They won’t be able to do either without more
assistance or they will purchase a used gasoline powered vehicle that they can afford. And then
we will be back to square one : producing more greenhouse gases.

c) why phase out the incentives as the the vehicles become more expensive? Incentives should
be available to all no matter how expensive the electric vehicle is.

d) greater incentives to purchase hybrid vehicles would be more valuable to owners living in
cold rural regions like Vermont.

3) Food for thought: I’m not sure offering incentives for heat pumps is reducing our greenhouse
gases because the heat pumps are installed to reduce carbon produced from our heating systems
but now more electricity is used to also cool houses, a comfort benefit yes, when those houses
did not have air cooling prior to the heat pump installation and may never have installed air
condition if not for the heat pump. ( this happened within my household).

The Utilities in Vermont have been the winners with huge financial profits AND have largely
contributed to the emissions causing climate warming. It's time to tax those profits and penalize
the damage they have contributed to.

While I understand that most of the focus is on maximizing federal funding, this is a great
opportunity for policymakers to be aware that it shouldn’t just be taxpayers who pay to repair the
damage caused by the changing climate — those Big companies that knowingly had an active
hand in creation of this mess while making billions in profits should pay, too.

With regard to strategies for financing climate infrastructure, | would strongly recommend the
following worthy of investment:
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* supporting roof top solar with more incentives, ideally installed in local networks

* continue to support installation of heat pumps and induction stoves

* FULL support of the Weatherization program. | have worked extensively with these programs
all over the country and the one here in Vermont is among the very best anywhere. They need to
be able to count on long term support of both personnel and training funds.

Different states have followed different routes to finance their climate mitigation efforts.

New York State has decided to amend their state finance law to include a special revolving fund
to be known as the “Climate Change Adaptation Fund.” The bill,

nysenate.qov/legislation/bills/2023/S2129

has passed the Senate and is making its way through the Assembly. They have used the standard
of “strict liability”; that is, that the use of their products was responsible for damages to the
environment.

California has taken a different route, filing a civil case which would create such a fund. A
precedent for that route was established when several California cities sued makers of lead paint
on similar grounds in order to create an abatement fund.In their version of a climate fund, the
state of Maryland has determined that it has the authority to mandate that companies that do
business within the state contribute. It is anticipating that many companies would sue but that
the courts would most likely hold up the authority of the state:

https://www.wmdt.com/2023/03/md-bill-would-create-superfund-for-companies-that-contribute-
climate-change-with-mandated-contributions/

And here in Vermont, a bill to create a Climate Superfund is being introduced to the Legislature.
I hope that you support this and that we can join the other states in this endeavor.

As you must be aware, Vermont already has a lawsuit in the State court, Vt. vs. Exxon submitted
by T.J. Donovan in 2021 and currently stewarded by Charity Clark.

Another option is filing a separate suit, based on the specific event of the July 11th
flood. Precedents here include the Oregon suit around the “Heat Dome * event and the suit by
16 Puerto Rican municipalities around the damages from Hurricane Maria.

I realize that Vermont has few resources that can be devoted to litigation, especially compared to
the deep pockets of the oil/gas companies, BUT possibilities exist to overcome this hurdle:

for example, contingency lawyers, pro-bono or “low-bono” lawyers, and climate philanthropists
who underwrite climate lawsuits brought by states or municipalities. A great source of
information about these options is the Center for Climate Integrity:

climateintegrity.org.
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As these initiatives proliferate, whether in the form of legislative acts or lawsuits, Vermont can
learn from other states and, as we move forward, can be a model for other states to follow.

As in the case of the tobacco industry, fossil fuel companies knew about the damage their
products caused; they lied, and they now must be held accountable.

Absolutely, bad long-term planning on the part of the Wrightsville Damn players caused the
flood in Montpelier this summer.

My question to you is, were they naive by failing to anticipate that the United States government
would allow consumers to use a product that not only causes a range of health diseases (placing
an immense strain on our healthcare system),(1) but also causes a range of "climate
disease/disasters?"(2)

o Carbon tax: A carbon tax is a tax on the carbon content of fossil fuels. It would make
fossil fuels more expensive, which would encourage people to use less of them and invest
in cleaner energy sources. The revenue from a carbon tax could be used to fund climate
infrastructure and other climate change mitigation and adaptation efforts.

o Fossil fuel subsidy reform: Governments around the world subsidize fossil fuels to the
tune of hundreds of billions of dollars each year. This taxpayer money could be used
instead to fund climate infrastructure and other climate change mitigation and adaptation
efforts.

o Liability lawsuits: Fossil fuel companies are facing a number of lawsuits from
communities and governments that are seeking compensation for climate change
damages. These lawsuits could force fossil fuel companies to pay for some of the costs of
climate change.

« Divestment: Divestment is the process of selling off investments in fossil fuel companies.
Divestment campaigns have been successful in putting pressure on fossil fuel companies
to change their behavior and to invest in clean energy.

o Public pressure: Public pressure can also be used to convince fossil fuel companies to
help pay for climate change. For example, people can write to their elected officials,
attend protests, and boycott fossil fuel companies.

1. Please come up with loans for green solutions to UMV MED center’s need for more energy
and heat THAT DO NOT involve BURNING ANYTHING. Or just keep the focus on housing
per the Seven Days article on McNeil.

2. There is no excuse for allowing the continued burning of wood in Vermont at this scale at
McNeil, our single largest green house gas emitter in VVermont.

How are we going to meet our emission reductions in Global Warming Solutions act when
strange use of words like renewable and sustainable don’t apply to anything that burns. Calling
them something else and not counting these emissions does not slow climate change.

3. Wood is worse than coal.
It is the MOST toxic for human health and emits huge amounts of toxic fine particulate matter
and other chemicals in the low income neighborhoods of Old North End and Winooski. See
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attached excel spread sheet from McNeil. This is what is dumped in our air even with the
Electrostatic Precipitator taking out some of the pollution on their stack. Figures on pollutants
are most accurate for 2020 and 2021 before that they are too low. | ran the numbers by the State
employees who monitor McNeil. The 2020 and 2021 figures for fine particulate matter are the
most accurate because they started counting condensate fine particulate matter—which counts. In
2020-5.6 tons, in 2021 3.5 tons. Medical science recognizes no amount of fine particulate matter
as healthy. That our top Medical Center is ignoring it’s own scientists is disgusting.

3. Also do the math on the C02— 2021 (last full year of emissions) is
906,941,600 Ibs = divide by 2,000 to get tons = 453,470.8 tons of Co2!

Wood emits the most green house gasses per kilowatt hour of energy produced of ANY burned
fuel.

CO2 is CO2 the atmosphere does not care where that CO2 comes from. It is driving the climate
crisis. Which brought us all the suffering this summer of wild fire smoke and flooding and non-
stop rain. We are in a crisis, time to stop burning anything.

4. The best sequester of carbon is a mature tree. Vt native trees take 200-300 years to reach
maturity to call wood “renewable” makes NO SENSE.

Climate Scientists say we only have 5-10 years to turn things around and prevent the worst of
climate change.

5. Time to say and act on "the emperor has no clothes" when it comes to burning anything. It
makes NO sense to replace fossil fuels with renewable gas or biomass (wood) when they emit
the same or worse toxic stuff and green house gasses. And green solutions that are cheaper in
the long run, healthier and reduce green house gasses already exist.

Green solutions exist, IRA has huge pay back and point of sale for non-profits.

With all the tax increases we have seen and will continue to see, this is just more wasteful
spending. When VVermont legislators get a grip on spending, solving its current problems (taxing
Social Security and retirement benefits, crime, reasons for increasing homelessness, increased
drug abuse, overdoses and so much more) then maybe we can have the conversation about
climate change. In the meantime, let’s be more fiscally responsible and address infrastructure
issues related to severe weather events.

Another thing you should do with the IRA money for green tech is purchase battery backup
systems. Like Tesla powerwalls. Then give them to whoever wants one. Doing this would be a
win win win for Vermont as we already generate too much solar electricity to be used as it is
collected. Giving battery backups to people would mean that we can continue to collect more
solar power, convert more homes to electric heat and hot water AND not have to upgrade the
grid to do so! (So I guess that is a win win win win)

As I've said before, just give this tech to people. Don't thwart efforts by trying to create rebates
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and tax credits. Just give it to people who will use it. Or at least scale discounts starting
with 100% for people who have household incomes below the median.

Vermont is a bit off our goals because program designs loose sight of their purpose. We don't
have enough republicans in legislature to worry about what anyone thinks about spending. Just
use the money in the most efficient and effective way. Which is to implement the technology
NOW! :)

As you dig into long-term financing strategies for funding the climate action plan, I hope that
you'll consider the mechanism outlined in H.105 An act relating to the Community Resilience
and Disaster Mitigation Fund.

The purpose of the H.105 is to create the Community Resilience and Disaster Mitigation Fund to
provide funding to municipalities for disaster mitigation and community resilient infrastructure.
The bill is modeled after legislation passed by Colorado.

What this bill does is establish the Community Resilience and Disaster Mitigation Fund to award
grants to municipalities to provide support for disaster mitigation activities. Those disaster
mitigation measures could include things like grid hardening, slope stabilization, watershed
restoration, drought mitigation, construction of emergency shelters, and similar activities that
directly reduce risks to communities, lives, and property and decrease costs associated with
disaster recovery. Revenue for the fund is generated by increasing the assessment on certain
casualty insurance company premiums. Funding would be awarded to municipalities with
priority for projects that use funding as a match for other grants, projects that are in hazard
mitigation plans, and projects that are in communities identified as high on the municipal
vulnerability index.

Many of our communities are not prepared for the impact of extreme weather. This bill will
provide critical support that ALL municipalities, especially our most vulnerable, can access to be
more resilient against future disasters and climate change. Making these upfront investments will
decrease losses that would otherwise be largely paid by insurers.

While currently available resources, time and need will ultimately determine our future with
regard to energy it should be up to the inventors, and users of trending technology to pay for it. It
should not be placed on the backs of those that work hard, live within their means and pay their
own bills.

The climate alarmists have duped Vermonters into paying for their attempt to reduce climate
change. Since the beginning of time earth has had continuous changes to its climate. While some
of the most recent changes have been influenced by the increased human population and their
actions, much of the proposed energy changes will contribute just as much if not more to climate
change and negatively impact our environment.

While the current proposals of these alarmists creates a financial cost to Vermonters that is
unsustainable, the climate and environmental impacts of the many changes proposed are
astronomical.
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The mining of the materials needed for the production of solar panels and batteries is destroying
thousands of acres of the earths outer crust penetrating hundreds of feet into the surface. Dust
and the massive amounts of toxic fumes emitted into the atmosphere during the mining and
refining of these raw products alone out ways the current carbon emissions. Say nothing about
the labor atrocities occurring in the countries that produce these raw materials.

The waste products of the current proposed electrification of everything are not recyclable and
hazardous to dispose of. Solar farms are creating micro climates contributing much to climate
change within our state and destroying our once beautiful vistas. Current battery design is a fire
hazard that is killing and injuring hundreds as well as creating additional financial burdens on all.

Without a doubt there will come a time that an alternate energy source will be developed that
will meet the needs of Vermonters without the climate and environmental impacts of the current
and proposed energy.

1. As someone who began his personal transition in '08 by installing a geothermal heat pump
system to replace my propane furnace, | strongly urge some sort of State subsidy or tax credit
formula for homes to tackle such aa project. It's not cheap, but a State assist will bring a larger
number of converts than without the help. As to new construction of homes AND businesses, it
seems some sort of "green mandate™ would push those too stubborn to change or hesitant and
uncertain about new green technologies. With new construction, it should be suggested that by
pairing any geothermal system with solar designed into the roof, the owner will save additional
money by buying less energy off the grid. Over a 5 or 10 year period, the savings of $$$ and
cutting greenhouse gases out of the equation will show impressive results in personal pocketbook
savings AND a significant reduction in the State's climate goals of greening the Green Mountain
State.

2. Routes 7, 100, and 5/10, our N/S routes, and 9, 4 and 2, our E/W routes, should be prioritized
to installing strategically placed EV charging stations in preparation for EV adoption here in
Vermont. Perhaps team with the Feds and come up with a plan to do the same thing on 1-91, a
true artery of Vermont travelers. Perhaps contracting with cafe' type businesses to occupy these
charging areas to make EV stops to recharge much more relaxing and convenient for their time.

3. There are numerous Vermont roads that have significant acreage on their sides for applying
solar panels for GMPC to tap into for electricity. My 1st thought in this regard is Route 7 out of
Bennington going North. | dare say the miles of wide clearings along 7 would likely generate
several megawatts of power if utilized. | believe the formula for solar is roughly 2 acres
/megawatt, meaning, the hundreds of acres on both sides of Route 7 would generate at least 50
Mw, maybe even more than that. Now that takes a bite out of our State's carbon footprint, doesn't
it?! As it is currently, this fallow land just sits there having to be mowed once or twice costing
the State $$$; why not employ these acres to offset these expenditures, even add $$$ to State
coffers. No brainer to me.

4. While the technology hasn't fully matured yet, thin layer solar is an up and coming technology
that will apply solar to many latent surfaces around us in our everyday lives. Perhaps Vermont
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could start a pilot program employing these products and over a years time to determine if it is
indeed something worth investing in. The potential of applying this product to building wall
faces and bridge structure and any inanimate structure with square footage to exploit is vast.

5. Every parking lot in Vermont should have solar canopies over them. My 1st thought on this is
Hospitals. With their enormous use of energy 24/7, and their very large parking lots, building
parking lot canopies would bring major savings to their bottom line. But my design envisions
these canopies as multi purpose, not just solar generation. With these large 'roofs over the area,
You'll have large amounts of runoff during rainstorms. Instead of the rain being directed into the
gutter and eventually the sewer system, the rain water is diverted into a cistern system that would
supplement the Hospital's water use, thereby saving on their water bill's with their host city or
town. This diversion would also have a positive effect of the city's water infrastructure and
supply. Additionally, these canopies would also host EV chargers that could generate more
monies for the Hospital. These canopies would also, by shading the parking areas, lower the
reflective albedo effect of asphalt parking lots "reflecting™ heat into the atmosphere raising
ambient air temps that make our summer days that much hotter and uncomfortable.

States can have their own banks. Start a state bank, get nh to start their own bank, loan each other
money at 0.15% or whatever, and you just fractional reserve printed a crapton of money for
yourselves. It is what large private universities do, and the balance sheets cancel basically.

Instead, could fund other things like keyline design which have other extremely valuable returns
and which also sequester a stupid amount of carbon. In Vermont, current keyline design results
add about an inch of topsoil per year, more or less depending on location. Would boost ag yields,
lower or eliminate fertilizer use, and reduce runoff sharply from farms, restoring our waters and
making farms more productive, and restore lost ecosystems if patches of hill farming were added
to existing stock of farms. Keyline design makes that viable, and is pretty low cost. Wouldnt
expand ecosystems if most hills were completely farmed, as they were 100 years ago, but some
farms on on some of most hills utilizing keyline design would do that, and considerably faster
than letting beavers go wild (the process before colonization) would do. We’re not going to let
beavers run rampant anyway though because it would trash most of our roads and lots of
people’s property, but some increase of them is desirable, and keyline design would facilitate
that.

I suggest an idea when making climate change funding messaging easy to understand read
documentation materials curriculums one pager / glossary or summary of the individual ask or
the Statewide ask of stakeholders advocates community Partnership climate partnership etc
moving forward so accessibility and accommodation would be helpful for individuals with
disabilities and other specific learning needs.

I think this is very exciting and the perfect opportunity to design programs that work. What |
mean by that is that many programs miss their goals by attempting to make participants liable for
some of the cost of the products and services. In my opinion, that is a foolish way to design
programs. Programs, instead, should focus on function and meeting goals. If those goals are
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decarbonization and efficiency, then apply the money directly to those efforts. Give everyone the
opportunity to participate by making products available to them directly, without discounts,
rebates, tax credits... etc..

So, if working with VT companies is important. Then give money directly to those companies in
exchange for their services. For example, you could give $1 million to a local HYAC company
to install 200 heat pumps. Then the company just says to the public "hey we have free heat
pumps, who wants one?" Do the same with solar installers, power storage, e bikes, electric cars,
weatherization... just use the money and get it done!

I'd like to ask you to recommend creation of a climate superfund. We need large-scale action to
protect people who are most vulnerable.

My husband and I couldn't have purchased solar panels without the special financing available,
now some years ago. | advocate more of the same and even more help for low-income families
who can benefit more from lower electric bills.

Without those solar panels, | can't be sure that | would have installed mini-split heat pumps this
year. I'm counting on a lower propane bill this winter and an overall lower energy bill because of
solar panels.

We also had a lot of new insulation installed, and I've replaced windows and doors. For some
people, these costs would be overwhelming, yet they are money-savers over time. Assistance
with such expense needs to be another route to ameliorate climate change and help people live
more cheaply.

Ultimately, I think all the things I've mentioned will benefit Vermonters and the state of
Vermont.

It should be noted that not all households currently have electrical service to their house. |
recently built a small house in Bolton but Green Mountain Power was going to charge an
exorbitant price of $20,000 to install the power service, compounded by the fact there is a 30%
state tax on new power services. This made it too expensive to do. | instead use a few solar
panels to charge a couple batteries but mostly a fossil-fuel generator for my electricity.

The State should instead give a 30% tax CREDIT for new power service so my family can enjoy
reliable electricity and can participate in the green energy movement, rather than using a fossil
fuel generator.

The best thing Vermont can do to help VERMONTERS, is not to make our fuels so expensive!
Last year we paid more for heating our house then we have Ever paid!! We have been here since
19921

We are not rich, and are trying to get by as best we can. Both my husband and I have fixed
incomes we have tried our best to scale back so we can afford to live in Vermont, but we are
getting down to the wire! There is not much left to cut!! Please please do whatever you can to
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help VERMONTERS like us!! Everything has gone up ! But not the amount of money we have
to get by! I am all for green energy, but Sensibly spaced out so people don’t get hit in the face
over and over again!!

I read the article on WCAX.com about this office getting green energy ideas from

Vermonters. We have solar energy at our house, and could not be happier. We have not had an
electric bill in 10 years, and use electric heaters, and our wood stove in the winter to keep our oil
usage to a minimum.

1. All new buildings should be required to be solar. Particularly industrial or public
buildings. I think it is an outrage that the new State Police building in Williston has no solar
panels. And the parking lots at 'park and rides' could have awnings of solar panels (what a great
thing to have covered parking!).

2. We live in Williston (luckily on the Vermont side, not the New Jersey side), and | find it
such a wasteland of flat roofed buildings that could all be used to hold solar panels that would
generate more than enough electricity for their own buildings and more.

3. There was such attention to the new development in South Burlington that will be designed
as energy efficient/solar. However that is only one of probably 5 new developments going up in
South Burlington. And many of the apartment buildings going up are flat-roofed- and could
support solar panels on the roofs. Lost opportunity and wasted space.
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Climate Infrastructure Financing Report
Appendix C — Public Comment (Formal Letters) for Al Query

We wholly endorse the creation of a statewide green finance entity to meet Vermont’s mitigation,
adaptation, and resilience needs by mobilizing sources of private, philanthropic, and public funding at
scale and in a coordinated manner. To that end, our letter focuses on two topics: (1) the need for
Vermont’s climate financing entity to be housed within an existing state financial institution
and (2) the kinds of functionalities and capabilities this entity should have in order to meet
the state’s climate, equity, and community development missions.

Deploying an Existing State Financial Institution

Vermont’s climate financing entity should be more than just a financial institution. It must be an entity that can
balance complex public goals, empowered to coordinate among state, nonprofit, private, and community actors to
achieve those goals. To that end, this entity must be a public entity housed within an existing state instrumentality
like the Vermont Housing & Conservation Board.

A public financing entity with a public mission, accountable governance structure, and sufficient financial and
technical capacities can avoid excluding vulnerable, particularly rural, communities and displaced workers. Direct
affiliation with and accountability to state leaders ensures that it can internalize legislative mandates and prioritize
equity goals.

A public financing entity can coordinate among Vermont state institutions, federal financing programs (e.g., Solar
For All), nonprofits, and philanthropies to meet economic development goals, provide technical assistance, and
target financial support toward vulnerable communities. As a central coordinator of both financing and
administrative programming, the entity can more easily integrate and balance climate, development, equity, and
justice goals by aligning the missions of its partners to Vermont’s climate planning and goals. And as a state
instrumentality, it can be designated as a SEFI, or state energy financing institution, making it eligible for federal
loan guarantees from the LPO.

This central coordinator function allows the public financing entity to build administrative capacity within
Vermont’s state government to plan and execute the kinds of complex legal, procurement, and financial activities
needed to prepare clean energy and nature-based resilience projects, mobilize investment toward them, and
provide support to vulnerable communities.

A public financing entity can already take on more risk and undertake longer-term investment plans than its
private and nonprofit counterparts could, especially by making use of the existing creditworthiness of the Vermont
state government when issuing bonds and providing credit enhancements. As a centrally coordinated institution
for raising public finance for green investment, this entity avoids the transaction costs associated with raising funds
for state investment needs outside state financial instrumentalities. It may also be eligible for particular federal
benefits or programs geared toward state instrumentalities, such as SEFI lending, the elective pay credits, and
Solar for All.
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A nonprofit housed outside the Vermont state government apparatus will have a harder time executing these
functions because it would lack the convening authorities and public mandates necessary to work with the many
instrumentalities that currently undertake lending or investment programs. It would be less accountable to the
state, legislature, and communities; less able to coordinate the expertise and financing sources required to meet
these goals; and would place the administrative capacity needed to manage a complex green transition process
outside the state government. It is also likely that a nonprofit would be less able to utilize certain financial tools or
would eventually have to be empowered by state legislation to use those tools anyway. Empowering an existing
entity that already has experience with some of these tools will save valuable time.

This public green financing entity should seek not simply to access funds, but to design and deploy innovative
financing tools to leverage all available forms of capital to meet the state’s climate and just transition goals. Such
tools include but should not be limited to: co-financing alongside other investors; issuing concessional loans;
building loan underwriting capacity; providing short-term construction bridge financing; deploying revolving
funds; offering credit enhancements like loan guarantees, loan loss reserves, first-loss guarantees, and interest rate
buydowns; buying out private developers’ stranded projects; making equity instruments and swaps (debt-to-equity
and debt-to-grant swaps); warehousing assets and securitizing them; monetizing tax credits through the Inflation
Reduction Act’s elective pay provisions; centrally procuring key project inputs through bulk orders; allocating
grants; and developing partnerships with state universities.

Tools like concessional loans and credit enhancements, enable the entity to mobilize and complement private
investment. And other tools such as providing short-term construction bridge financing, perhaps through a
revolving fund, and executing bulk orders for key input materials empower the entity to do what the private and
nonprofit sectors cannot do at reasonable cost. Ensuring that the entity can securitize and warehouse assets, deploy
revolving funds, and buy out stranded projects also allows it to become a financial backstop and central
counterparty institution for green investment across the state. And loan underwriting capacity is absolutely
essential for building the entity’s capacity to develop close working relationships with borrowers, particularly to
assess their creditworthiness.

And partnerships with state universities can serve a key capacity-building function: close collaboration builds a
pipeline of interested students, researchers, professors, and workers whose scientific, business, policy, and technical
expertise can be directed toward state climate investment goals.

On top of the above functionalities, such a public green financing entity should support project preparation and
pre-development activities, including site identification, contract structuring, tax credit and elective pay advisory
work, project labor asgreement and community benefit agreement advisory, and other forms of technical
assistance as necessary to meet Vermont’s needs. This kind of coordination work is not easily executed by private
or nonprofit stakeholders; undertaking it allows the public green financing entity to build key technical assistance
and political coordination expertise.

For the past several years, at the direction of the Clean Water Board, the Enhancement Grant
program has been funded at the statutory maximum of $5m. Eligible projects include things like
wetland restoration, riparian buffer plantings, river corridor easements, and floodplain and
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stream restoration. Currently the criteria used to rank eligible projects under (d) are focused
almost exclusively on restoring channel stability and reducing erosive forces of rivers and
streams, reflecting the larger charge to CWIP to reduce sediment and nutrient pollution. There is
a real opportunity here to adjust the criteria to give weight to criteria beyond sediment and
nutrient pollution reduction to place greater emphasis on resilience. It would also be my strong
preference to look first at expanding funding for this program (as well as the Flood Resilient
Communities Fund at VEM) as opposed to creating any sort of new program from whole cloth.

we encourage you to think beyond federal (i.e., taxpayer) dollars and seek
infrastructure funding from the giant fossil fuel companies that knowingly polluted
our atmosphere and created the climate crisis in the first place.
Why should these companies - which are making billions in profits while deceiving
Vermonters - be let off the hook for the damages their products have caused?
Taxpayers should not be the only ones paying to rebuild and harden Vermont's
infrastructure.

Big Oil has been reporting staggering profits this year. Of just the co-defendants in
Vermont v. Exxon Mobil Corp., they have reported more than $100 billion in profits so
far this year:

Company YTD Net Income (Billions)
ExxonMobil $28.38 thru Q3
Shell $11.84 thru Q2
Motiva Enterprises (Saudi Aramco) $62.00 thru Q2
Sunoco $0.23 thru Q2
Citgo $1.37 thru Q2
Total YTD Net Income $103.77

The companies that created the mess in the first place should also pay a fair share
and your recommendations to the General Assembly regarding legislation for
Vermont's climate infrastructure financing should make that clear.

A particular example that highlights the significance of this Board in leveraging inter-Agency
coordination to maximize resources to advance climate action is with respect to the Climate
Pollution Reduction Grant (CPRG) authorized under the IRA. Through discussion with the
IAAB, the CAO was determined to be best positioned to opt-in to the Planning Grant which was
required to access the $4.6 billion competitive implementation grant fund. In July of 23, ANR
was awarded a $3M Planning Grant as part of Environmental Protection Agency’s CPRG
Program. The first deliverable of the Planning Grant is a “Priority Climate Action Plan” or
“PCAP”. The PCAP is meant to include sector-specific climate mitigation measures that are ripe
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for implementation and that can have meaningful emissions reduction and sequestration impacts.
The CAO has been taking a “whole of government” approach to determining what measures are
appropriate for inclusion in the PCAP by working closely with the IAAB to review and prioritize
actions included in the Plan. This exercise has yielded a suite of measures that are based on the
Plan’s actions that have not been implemented or have been advanced or implemented but need
further funding to achieve additional emission reductions or sequestration. The CAO will
continue to work with our interagency partners to compile and submit the PCAP by the end of
this calendar year.

We recommend further consideration of how to use our existing funding infrastructure to finance
nature-based solutions that address our climate goals. VHCB is interested in enhancing our
existing investments and developing new programs to support climate resilience through nature-
based solutions. In particular, we can play a role in leveraging emerging federal and philanthropic
sources and allocating funds to support nature- based solutions. We already fund projects with an
established network of conservation and land trust partners. We are interested in drawing down
federal funds that support climate mitigation and resilience and in bringing in new partners to
implement and steward this work.

As we engage in the Vermont Conservation Strategy Initiative (Act 59, 2023), we will
explore the types of investments that are needed to support biodiversity conservation
and community resilience across the state. Notably, this legislation requires us to
protect 30% of the state’s lands and waters by 2030, and 50% by 2050. This will
require both increasing the pace and scale of our existing conservation work, and
exploring new tools, in new places, for accomplishing new types of conservation work
(i.e. aquatic conservation tools). We are especially interested in working with partners
to explore new areas of resilience work such as restoring floodplains, conserving
wetlands, and river meanders. As we engage in our conservation strategy work, which
is primarily a planning process, we are simultaneously beginning to explore new
federal and other funding sources so that we are prepared to implement this vision.

Our Farm and Forest Viability Program sees many ways that enhanced investments in
working lands businesses can support increased climate resilience outcomes. For
instance, we see enabling land access for farmers as a critical part of climate
infrastructure. Increasing affordable access to agricultural land makes it possible for
young farmers to access land to grow food, invest in soil health, and implement
conservation practices on their land. However, a lack of available, affordable farmland
and few farmland financing tools limit this pathway. Most farm and forest businesses
are actively seeking ways to increase their land stewardship, whether to meet RAPs or
AMPs, or to exceed them. However, administrative burdens, long timelines, and low
payments for incentive programs can be barriers to working lands businesses adopting
new technologies or practices. Thus, we are supportive of new programs to support
farmers in improving land management practices. Working lands businesses need
financial support to access the next-generation equipment and infrastructure that will
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contribute to Vermont’s energy reduction goals - such as increased use of solar,
electrification, and harvesting equipment that has a low impact to soil health. VHCB
includes energy efficiency requirements in our design standards because of the critical
economic and health benefits that accrue to the low- and moderate-income residents of
these homes, and to help the state meet its goals for carbon reduction. According to
VHCB?’s current building design standards, funded housing units must be developed to
the Efficiency Vermont Multifamily high performance energy tier. These advanced
energy efficiency standards increase the cost of affordable housing production
substantially. VHCB commissioned a cost study in 2021 by Naylor and Breen that
indicated that energy efficiency requirements increase

the cost per unit by 16%. Vermont’s energy incentives do not currently sustain this
scale of investment.

VHCB views it as critical that Vermont continue to enhance its energy efficiency
incentives as a key tool to help low- and moderate-income VVermonters share in the
benefit of the state’s energy efficiency policies. We see much existing strength in
Vermont’s energy sector and have confidence that existing service providers and
funders of energy efficiency, weatherization, and renewable energy generation are
developing systems to leverage energy infrastructure dollars.

However, we also believe it is critical that as we transition our energy systems to use
more renewable sources and make investments in existing housing stock, equity must
be a central guiding principle. Increased investment and coordination will be necessary
to ensure that the benefits of energy investments are available to all. Affordable
housing developers and partners can play a role in targeting energy investments to low
income household, and VHCB can play a role connecting housing development
partners to energy incentives.

New federal funding and programs present a great opportunity to enhance Vermont ’s
climate related programs that are already successful, significantly reduce greenhouse gas
emissions, and that meet the needs of underserved and rural communities. Here are our
suggestions:

e The Weatherization Assistance Program should be expanded. This program
reaches underserved, low-income residents in all areas of Vermont.
Specifically, consideration should be given to the following programmatic
changes:

o Increase the cap on income eligibility.

o More funding should be provided specifically for heat pump
installation and work related to decarbonizing home heating. This
will help the State to reach its goal of significantly reducing
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greenhouse gas emissions. Heat pump adoption is a high priority
action that can significantly reduce greenhouse gas emissions in the
thermal sector.

o The program must provide competitive wages to attract and
retain the necessary workforce. Employee retention has
historically been a challenge due to the working conditions of
weatherizing homes, low compensation, and the high demand
for weatherization work in Vermont. This needs to be addressed
for low-income Vermonters to continue to benefit from the
program.

e The Electric Vehicle Supply Equipment (EVSE) Grant Program should be
expanded to prioritize reaching underserved, BIPOC, low-income and older
residents in all areas of the state. The expansion of the program for
increasing EVSE at existing multi-unit properties, workplace
charging, and public attractions will serve all residents, especially
marginalized populations, who make the transition to electric vehicles.
Transitioning to electric vehicles is a high priority action that can
significantly reduce greenhouse gas emissions from the transportation
sector. Expansion of the program in Chittenden County has the potential to
reach the State’s largest BIPOC population and Vermont’s largest share of
drivers statewide.

e The Municipal Energy Resilience Program (MERP) should be expanded to
include schools and non-profit commercial buildings that serve underserved
and rural communities. This program is currently being administered by the
Vermont Department of Buildings and General Services in partnership with
the State’s Regional Planning Commissions.

e The State Energy Revolving Loan Fund, administered by Building and
General Services (BGS), could be expanded to include municipal projects.
Payments back to the fund are made with energy savings on the project
until the loan is repaid, resulting in no cost to the municipality. See how
Harvard’s energy revolving loan fund operates:
https://sustainable.harvard.edu/green-revolving-fund/

e Some electric distribution utilities, in cooperation with Efficiency Vermont,
have a considerable number of rebate and incentive programs that could have
more substantial impacts if additional funding was provided. Specifically, we
recommend larger incentives to help cover the upfront costs of geothermal heat
pump installations in new affordable housing projects. Geothermal heat pumps
are often a better option for affordable multi-unit housing than air source heat
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pumps because they require less maintenance and cost the residents less to heat
and cool than natural gas or air source heat pumps. However, geothermal heat
pumps have a much higher up front capital cost for the owner/developer.

e The Vermont Low Income Trust of Electricity (VLITE) has historically
supported a wide range of projects designed to support the energy needs of
low- and moderate-income Vermonters. VLITE should specifically be
consulted to see if there are opportunities for collaboration on existing
programs. VLITE should also be consulted regarding how low-income
Vermonters can be assisted with increased future electricity rates that will
likely be necessary to support capital improvements to Vermont’s electric
transmission and distribution networks. CCRPC is particularly concerned
about future electricity costs for low-income residents living in electric-
heated multi-family buildings that do not have sufficient space to install
solar panels for net- metering

The Department of Public Service’s Public Participation Plan has effective actionable
strategies for connecting to community groups about the energy transformation needed to
reduce our emissions. The State of Vermont’s Climate Action Public Engagement Plan is also
a resource for understanding which community groups to reach out to marginalized
communities.

Specifically working directly with marginalized communities to mutually identify needs is
important. However, this typically ends up looking like those with the technical expertise
“going into” community groups when something is needed, asking for feedback, and leaving.
This practice is extractive. The challenge is that community groups in marginalized
communities often lack capacity and are already struggling to carry out their own mission. To
ask more of them adds to their already too-heavy load. Thus, we need to make sure that we
can create reciprocal and ongoing relationships with key community organizations in
marginalized communities in a way that supports and furthers their work before asking them
to support additional work.

Lastly, community needs in marginalized communities have been, and continue to be shared,
through a multitude of ongoing engagement efforts at any given moment. Another strategy for
imbuing technical expertise with community knowledge and needs is to better collaborate with
others on the back end to share community feedback that has already been collected before
asking the same questions to the same groups of people. Only once we have determined what
needs have already been recorded should governmental organizations determine where gaps
remain.

Asking small communities and/or schools to work on complex grant applications and reporting



Draft Climate Infrastructure Financing Report->Appendix C - Public Comment (Formal Letters) for Al Query.docx

as a way to access funds is unfair and burdensome due to limited administrative capacity.
Applying for and administering grant funds takes resources and expertise that underserved and
rural communities do not have.

Expansion of the Municipal Technical Assistance Program (MTAP), a program created by the
Agency of Administration last year could create additional capacity for Regional Planning
Commissions (RPCs) to assist small, underserved, rural communities. RPCs may also be able
to help municipalities within the same region cooperate or collaborate on projects to avoid
competition amongst each other. Creating programs that communities can opt into with
minimal effort (e.g. Municipal Energy Resilience Program a.k.a. MERP) is another way to
increase the accessibility of funds. Future federal grant applications, like the EPA’s Climate
Pollution Reduction Act Implementation Grant, should ideally be coordinated through the
State of Vermont. Municipal or RPC applications should be discouraged.

There is a higher probability of coordination and success if future State applications to federal
grant programs treat Chittenden County equally to other geographic parts of the State. CCRPC
is particularly bringing attention to this issue because recent State programs, like MERP and
MTAP, have treated Chittenden County differently than more rural parts of the State. While
this approach may work for State programs, it may put a coordinated statewide grant
application in a disadvantageous position given Federal Justice 40 requirements. Chittenden
County includes three of Vermont’s disadvantaged areas, as defined by the Federal Justice 40
criteria. Additionally, Chittenden County is Vermont’s most racially diverse region and has
more households living in poverty than any other county in the State. The County also has
several very rural municipalities with fewer than 2,000 residents. Statewide grant applications
need to take this information into consideration when coordinating future grant efforts.

e The Agency of Natural Resources’ Climate Action Office has secured
planning funds through the EPA Climate Pollution Reduction Grant. The
Agency intends to apply for implementation funds through the same
program in April 2024.

e Energy Futures Group, a non-profit in Hinesburg, VVermont, recently
received a grant from the US Department of Energy (DOE) to study state-
wide building energy code compliance. Our understanding is that these
funds have been used to support the work of the Building Energy Code
Study Committee, which was created as a part of the HOME Act.

¢ Northeast Energy Efficiency Partnerships (NEEP) and Vermont Clean Cities
Coalition (VCCC) were recently granted an award from the US DOE Vehicle
Technologies Office (VTO). The $1.2 million grant will support the
development of Community Driven Transportation Plans in New England
(including Chittenden County).

e Burlington Electric Department (BED) and VELCO were both granted awards
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via the US DOE, Grid Deployment Office Grid Resilience and Innovation
Partnerships Program (GRIP). The BED grant is to support better utilize Smart
Grid technology ($1.2M) and the VELCO grant is to install grid enhancing
technology in Northwest VT.

e Burlington International Airport Voluntary Residential Sound Insulation
Program, funded partially through a Federal Aviation Administration (FAA)
grant, will mitigate noise from the airport and also offer the co-benefit of
weatherization for 2,500 homes in Winooski, South Burlington, Williston,
Colchester, and Burlington.

e The Energy Efficiency and Conservation Block Grant (EECBG) Program
allocated money to Vermont Counties (e.g. county courts) and the ten highest
populated municipalities in the State. Each were awarded around $75,000 in
funding. The program can be used to support energy efficiency and fossil fuel
emission reduction-related work. Chittenden County Regional Planning
Commission has provided funding and staff resources for energy planning for
our member municipalities.

Focusing on refining and enhancing existing programs with a renewed commitment to
decarbonizing transportation and building thermal energy use (primarily via EVs and heat
pumps) in conjunction with energy efficiency and vehicle miles traveled (VMT) reduction.
Greenhouse gas reduction should be the primary goal.

Coordination among state agencies is necessary to efficiently and effectively combat climate
change. RPCs are a key player in assisting and supporting the planning and implementing of
state programs at the municipal level. RPCs have strong existing relationships and familiarity
with municipalities. Additionally, RPCs have the ability to assist the state with making
changes at a regional scale.

Vermont’s historical focus in the energy sector has been on energy efficiency because
consensus regarding human induced climate change caused by the burning of fossil fuels had
not yet been reached. Our investments now need to reflect a pivot from efficiency to
decarbonization and reducing greenhouse gas emissions according to the Global Warming
Solutions Act requirements.

This change will face some local opposition from businesses and workers that have
historically made their living from fossil fuel consumption. Educating businesses on how to
profit from decarbonized solutions, educating workers and Vermont residents regarding new
technologies must be part of the investment and be a large part of the implementation of the
Affordable Heat Act.

Climate change has been shown to disproportionately affect marginalized communities. These
communities often face higher levels of vulnerability due to factors such as limited access to
resources, inadequate infrastructure, and socioeconomic disparities. For example, VT Digger
reports that “Market pressures ... are constantly pushing lower income people further and further
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toward options that reduce their quality of life — older, more degraded housing stock, or housing
stock that churns through natural disasters more quickly.” (Lola Duffort, "The flood waters
disproportionately hit Vermont’s affordable housing stock — at the worst time." VTDigger July
31, 2023). This problem could be exacerbated as Vermont develops a national reputation as a
climate refuge and people with the financial means relocate to Vermont to avoid the impacts on
climate change in other parts of the country.

The initial up-front cost of transitioning to electrification in the renewable energy generation,
heating, and transportation sectors will be burdensome to marginalized communities.

Therefore, investments should tackle the needs of marginalized communities first by including
targeted strategies that consider their specific histories, sociocultural, and economic realities.
Careful consideration of the cost of decarbonizing and upgrading grid infrastructure is needed to
ensure that policies are not burdening Vermont’s electricity rate payers. Currently, rate payers
are faced with substantial costs for paying for weatherizing buildings, converting to electric
heating sources, purchasing cleaner vehicles, and for paying for grid infrastructure upgrades that
are passed on to the customer through utility bills. Federal and state policy leadership is needed
to reduce the cost to low-income households and marginalized communities. The responsibility
to decarbonize and fight climate change should not completely be passed off to individual
Vermonters or municipalities.

Lastly, the importance of land use planning that can effectively achieve our state planning
goals to “maintain the historic settlement pattern of compact villages and urban centers
separated by rural countryside” cannot be underestimated. Our state greenhouse gas emission
reduction goals, our working lands goals, our housing goals, and our transportation goals
(particularly related to public transit) are all directly tied to the effectiveness of our land use
planning and regulation. This policy and planning work cannot be forgotten during our state’s
energy transformation.

Financing municipal projects with local tax revenues is unpopular and municipal officials are
hesitant to raise municipal taxes for projects deemed not urgent. Free programs and grants are
very popular as municipalities are constantly scanning for ways to show taxpayers that they are
fiscally responsible by keeping tax rates low. However, staff resources to apply for grants at the
municipal level are very limited so funding mechanisms should remove unnecessary applications
or reporting processes for accessing funding. Consider learning more about trust-based
philanthropy to remove funding barriers to make fighting climate change more just and
equitable.

Financing is always considered a last resort at the municipal level; successful financing options
must be very attractive and will be more popular when they provide a tangible return on
investment, such as lower energy costs.

Vermont needs to develop an updated greenhouse gas emissions inventory and monitoring
program. This will be an ongoing requirement for future federal funding and state-wide policy
decisions. This resource should also be shared with RPCS and municipalities to achieve
alignment.
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The ANR Climate Action Office (CAO) is in the best position to coordinate state-wide
strategic planning and funding allocation for greenhouse gas reduction and climate adaptation
projects. Build upon the EPA’s Climate Pollution Reduction Planning Grant (CPRG) model
where the Vermont CAO tapped RPCs to help identify municipal projects to be included in the
State’s Priority Climate Action Plan. This CPRG- funded Priority Climate Action Plan is a
prerequisite to apply for a portion of the $4.3 billion available to states, tribes, and local
governments for implementing the Priority Climate Action Plan by funding projects to
substantially reduce greenhouse gas emissions by 2030.

The Vermont Public Service Department is an entity and resource for coordinating clean energy
projects with RPCs and municipalities. Additionally, Vermont Department of Buildings and
General Services in partnership with RPCs has developed the MERP program in a way that is
relatively easy for municipalities to participate in decarbonizing public buildings.

RPCs provide coordination between state agencies and municipalities across a wide range of
topics including energy planning. Many RPCs have a dedicated energy planner. Some larger
municipalities also have staff dedicated to climate, energy, or sustainability issues. These folks
should also be consulted with as a part of any statewide project.

Current state agency programs are generally sufficient at providing adequate staffing of state
agencies. The State CAO should coordinate work to achieve state-wide targets and goals. The
CAO will likely need additional capacity to scale up into this coordinating role. The State should
also consider funding existing organizations that can also assist with statewide coordination
(such as RPCs), if deemed appropriate.

It is time for the Vermont legislature to imbue one of our existing governmental or
quasi- governmental entities with the authority, the mandate, the staff, and the
funding to (a) create a statewide climate finance strategy, (b) raise capital, (c) deploy,
recycle, and leverage capital, (d) coordinate and support the work of relevant partner
agencies, (e) provide technical assistance and train the market, and (f) promote and
market its own and others’ programs to achieve our climate goals.

Transitioning from OPEX-heavy fossil fuel infrastructure to CAPEX-heavy clean energy systems
and nature-based solutions requires an upfront supply of capital, which tax funding alone will
not sufficiently address. Without access to upfront capital and innovative leveraged financing
solutions, Vermont will simply not meet its climate ambitions.

Vermont’s Climate Action Plan recognizes that for the plan to be successful “the support and
engagement of Vermonters is critical — to mobilize a broad coalition of state, local, and |
governments, nonprofits, academic institutions, and private interests taking collaborative, decisive
action. Significant and sustained investments, well-financed programs, properly capitalized
lending entities and individual financial commitments will all be needed to implement the Climate
Action Plan and realize important outcomes (...).” The Climate Council goes on to state, “No
single funding stream will achieve our climate goals. Climate action requires leveraging a
variety of sources — existing and new, private and public, local, state, and federal —
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and innovative financing mechanisms to support sector-level transformations and the
ability of Vermont lenders to make crucial long-term investments in climate-focused
projects and initiatives.”

Yet, no one entity has been given a clear mandate by the Governor’s office or the Legislature to do
all it can to develop these “innovative financing mechanisms” or only minimally so. While we
have many programs, driven by more existing entities than in most states, we do not have a
coordinated statewide strategy for climate finance. Each one of our quasi-public organizations
dutifully pursues the mandate it was given, and it is unlikely, without specific authority, expert
staff, or adequate funding, that one of them will suddenly find itself moving beyond what it
currently does. More of the same, perhaps slightly bigger, will not cut it.

Promoting coordination across organizations is indeed necessary, as many have said, but climate
finance is technical, broad-ranging, and cross-sectoral so our government should not expect a
loosely connected web of existing organizations without sufficient funding, staffing, or authority to
successfully tackle what is the most consequential challenge of our generation and that of our
children.

This is not to say that we lack institutional knowledge or goodwill. I do not in any way impugn the
usefulness of our existing programs or institutions. On the contrary, | am immensely grateful for
the many public servants dedicated to meeting clean energy and conservation goals in Vermont.

Without them, we would not see any progress toward meeting our climate and conservation goals.

I do, however, very much question the scale that we purport to achieve without an entity with the
designated authority to steer the state in a clear direction when it comes to financial strategy, and to
guide partners, existing and new, along with it toward our decarbonized future. It does not take
much vision or work experience to recognize that accessing the once-in-a-generation
opportunities afforded by the federal Infrastructure Investment and Jobs Act (I11JA) and the
Inflation Reduction Act (IRA) will be impossible without dedicated staff and funding.

If | find this letter hard to write, it is because it argues the very fundamental notion that good ideas
do not materialize into reality unless a champion makes them so and unless we give ourselves the
resources to meet our goals. The “action” part of the Climate Action Plan requires that we do not
stop at saying “we need innovation and funding” but that we move on to the “do” part with
renewed vision and ambition.

Therefore, | propose that the legislature should take the following concrete steps.

First, and most urgently, the legislature should require that the Treasurer’s Office be
given the explicit authority, mandate, and funding to aggressively pursue funding
opportunities for climate mitigation, adaptation, and resilience, across both clean
energy and nature-based solutions spaces. The Treasurer’s Office does not need to be the
organization that ultimately will be responsible for all of the activities listed in the second
paragraph above in (a) through (f).
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However, the Treasurer’s Office should coordinate with other entities on the short-term
deployment of such funds and help them apply to funding. This would include supporting financial
intermediaries with existing networks as appropriate, as well as existing agencies working on
climate solutions and communities.

The Treasurer Office is the right organization to pursue funding this way as its expressed function
is to “serve as the State’s (...) chief investment officer.”* In the wake of transformational federal
legislation, many states have launched funds dedicated to help the state apparatus and
communities seek federal funding, to provide cost-share funds, to enable leverage, or to provide
technical assistance to communities. For example, in Colorado, the Infrastructure Investment And
Jobs Act Cash Fund provides $80,250,000 in funding to the Governor’s Office as a nonfederal
match for the state or a local government for certain categories of infrastructure projects allowed
under 11JA.

In Connecticut, Public Act 22-25, the Commissioner of the Connecticut Department of Energy and
Environmental Protection (DEEP) was required to “establish and administer a grant program for
the purpose of providing matching funds necessary for municipalities, school districts and school
bus operators to submit federal grant applications in order to maximize federal funding for the
purchase or lease of zero-emission school buses and electric vehicle charging or fueling
infrastructure.” The Act requires that the DEEP Commissioner give preference to applications
relevant to environmental justice communities.

In Kansas, the $200 million Build Kansas Fund provides matching dollars to Kansas
communities for infrastructure projects approved under I1JA. Projects that can receive funding
include “water, transportation, energy, cybersecurity and broadband through Fiscal Year 2027.”
At least $10 million will be reserved for investment in eight “Economic Development Districts.”
The Build Kansas Fund is administered by the Kansas Infrastructure Hub. The Kansas
Infrastructure Hub includes “representatives from the Kansas Departments of Administration,
Agriculture, Commerce, Health and Environment and Transportation, along with the Kansas
Corporation Commission and the Kansas Water Office, will manage the Build Kansas Fund,
offering technical assistance, tracking funds and promoting grant opportunities.”

In Kentucky, the legislature appropriated $17.3 million from the general fund to match $69.4
million in IIJA funds for fiscal years 2022-2023 for IIJA electric vehicle charging
infrastructure support programs.

In Minnesota, the State Competitiveness Fund was created as a special revenue fund in the
Minnesota State Treasury and $115 million appropriated and remain available until June 30, 2034,
under the management of the Minnesota State Treasury to facilitate accessing federal funding
under I1IJA and the IRA. The State Competitiveness Fund is meant to “(1) pay all or any portion of
the state match required as a condition of receiving federal funds, or to otherwise reduce the cost
for projects that are awarded federal funds; (2) award grants under subdivision 4 to obtain grant
development assistance for eligible entities; and (3) pay the reasonable costs incurred by the
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department to assist eligible entities to successfully compete for available federal funds.” These
funds can be applied to a large array of uses, including accessing formula funding, funds directed
to political subdivision of the state or Tribal governments, nonprofits, businesses, utilities, and
other grant opportunities “directed to eligible entities that do not require a match but for which the
commissioner determines that a grant made under this section is likely to enhance the likelihood
of an applicant receiving federal funds, or to increase the potential amount of federal funds
received.” The broad-ranging nature of Minnesota’s matching funds strategy demonstrates how
serious the state is about accessing federal funding and utilizing all available dollars to boost its
competitiveness and investments.

In North Carolina, Governor Cooper’s administration established a $225 million Federal Match
Reserve investment for state agencies to meet federal matching requirements from I11JA, the CHIPS
and Science Act, and the IRA. The Federal Match Reserve “allows the state to participate in the
paradigm shift created by these catalyzing federal bills and access an extraordinary amount of
federal funds for infrastructure, research, climate initiatives, manufacturing, and STEM education
[and] [p]ositions our state to compete for hundreds of billions of dollars, bringing our share of
taxpayer funds back to North Carolina.”

In Oregon, the legislature passed the climate resilience package (HB 3409 and HB 3630), which
included over $90 million in new climate spending “to access as much as $1 billion from IRA
programs. The new law provides funds to help marginalized communities, local governments and
community organizations apply for federal grants.”

While Vermont may not have the same level of resources at its disposal, these examples highlight
that these states, both red and blue, understand that accessing federal funds takes
resources, both human and financial. The political and geographic diversity should be
enough to give the Vermont Legislature pause about its strategy so far to support the
implementation of the Climate Action Plan and of the Vermont Global Warming
Solutions Act (GWSA). Enabling access to funding is but a step for the legislature, and should
not replace other necessary steps to develop and implement a coordinated strategic approach to
climate finance, executed by a centralized team. A lot of the states above have both “matching
funds” and green banks as is the case for Connecticut, Minnesota, Colorado, or North Carolina,
among others.

Second, the legislature should pick one to two existing organizations to lead the
development of Vermont’s climate finance strategy, fund it/them adequately, requires
that it/they hire staff, including shared staff for key functions, and place them under the
authority of a shared governing body within the Treasurer’s Office.

The explicit modified mission/mandates of such organization(s) should be to stimulate market
transformation in Vermont for the benefit of Vermonters and Vermont-based enterprises, to
develop a climate finance strategy, to pursue funding sources and financing programs that will
enable the climate policy goals of state agencies, as required by the legislature, to offer technical
assistance, to lead the implementation of such state strategy, and to support the marketing of
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programs and products. Such organization(s) should also actively support and promote the
activities of the quasi-public organizations and nonprofits pursuing climate goals in the state.

Ideally, one organization would lead financial activities for both clean energy and nature-based
solutions. However, given the existing slate of organizations in Vermont, I recommend that the
legislature authorize and require that (a) the Clean Energy Development Fund (CEDF)
and (b) the Vermont Housing & Conservation Board (VHCB) become Vermont’s
climate finance authority.

CEDF already has most of the attributes necessary for an expanded mission but will have to be
given broad autonomy to pursue climate mitigation goals and the flexibility to hire new staff
quickly and raise/deploy capital. Similarly, VHCB can rapidly scale operations to finance nature-
based solutions in the state.

These organizations should work together, with guidance from the existing Local Investment
Advisory Committee, and other relevant agency staff. Besides co-developing a strategy over time,
working closely with the new staff at the Treasurer’s Office on capital raise, these organizations
under a new climate finance authority branding would be the main conduit for program
development, and would have the option to deploy capital directly or through existing
organizations, as relevant and appropriate.

They would provide clear communication to financial partners and private sector investors about
the programs and policies of Vermont, act as a technical assistance provider, and proactively seek
to grow the pipeline of projects in both their core areas. They would not seek to replace the existing
organizations, but to lead the market, send clear signals, and develop opportunities for our climate
economy.

Both organizations should be given broad latitude to utilize all of the tools in the financial toolbox
and to invest using a range of debt and equity tools, including securitization and tax credit
optimization, as well as to deploy grants, either directly or as a passthrough entity for other
organizations such as Efficiency Vermont or VSECU. Both organizations should explicitly
support low-income families and underserved communities in our rural and urban environments,
not as an afterthought, but as a structural part of their vision and mission.

Key staff for financial, legal, marketing, and data/reporting functions should be shared to promote
cross-learning, create efficiencies, and to facilitate strict compliance and reporting requirements
attached with federal funding.

The legislature should seek to encourage flexibility, creativity, and engagement with the market
and communities, including by allowing the Treasurer’s Office, CEDF, and VHCB to create
the special purpose vehicles or nonprofits that may be necessary to pursue philanthropic
sources of funding or to create financial structures that are adapted to our state.
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Reaching the goals of the GWSA and implementing the Climate Action Plan will
require your leadership not to simply coordinate the good work already being done, but to
proactively pursue funding sources for climate financing solutions, and to empower CEDF and
VHCB to build and implement a statewide climate finance strategy that leverages public
investment. We have many of the ships we need to get us where we committed to going. It is high
time that we hired ourselves a captain.

Together, operating as the Vermont Public Finance Climate Collaborative (PFCC), we would
like to describe our current work to finance climate infrastructure and access emerging funding
opportunities, as well as sharing our vision for how statewide coordination could further leverage
resources to support Vermonters and achieve the state’s climate goals.

We originally organized the collaborative because we saw a need to create a collective home for
project development and information sharing for climate financing initiatives in Vermont as
new resources become available through the Inflation Reduction Act (IRA). Our organizations
are prepared to leverage IRA funding to ensure that low-income households and disadvantaged
communities are equitably reached by these resources. Proof of this concept is described in
more detail below.

We feel that the outreach process being led by the Treasurer’s Office can be a valuable
opportunity to inform the public about what resources are available through the IRA and
Infrastructure Investment and Jobs Act (11JA), and when and how that funding will become
available. Both pieces of legislation are an extensive patchwork of tax credits, grants and
financing programs. Currently, the Department of Energy (DOE), the U.S. Environmental
Protection Agency (EPA) and other federal agencies are in the rule- making process or have
released Notices of Funding Opportunities for many related programs.

Relatively little of the funding available from IRA is yet available to be deployed in Vermont.
Some pieces will require state sponsorship, while others will benefit from the experiences of the
PFCC, and still others will directly benefit project owners. This diverse range of applicants and
uses of funds speaks to the informational barriers among participating entities that would
benefit from information sharing to ensure the greatest impact of the funding and financing
opportunities.The $27 billion Greenhouse Gas Reduction Fund (GGRF) is one of the IRA
opportunities available to financing entities. The Vermont Department of Public Service has
already submitted an application to EPA for the $7 billion Solar for All competition of the
GRRF. The remaining $20 billion in GRRF funds will be distributed through a number of
national entities, such as the Coalition for Green Capital and Climate United, which will be
announced in Spring 2024. PFCC members joined coalitions, submitted project pipelines, and
intend to seek financing from these national entities for funding to support greenhouse gas
reduction projects in Vermont across the sectors we serve.

Our statewide mission-driven roles, with 50 years of experience and strong balance sheets, make
us uniquely positioned to work with these national intermediaries to maximize the funding
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available to Vermont. Underscoring this capability is the utility recognized by our national
partners in our collective capacity as they conceive of us as “green banks” for our respective
constituencies and place us side by side well known entities like the Connecticut Green Bank.
Our ability to access these resources will be largely dependent on the terms and uses these
national organizations set for awards. As GGRF awards increasingly appear targeted to
specific sectors, PFCC members will likely apply individually to the national entities rather
than as a single application.

However, we intend to coordinate amongst ourselves to ensure that we are fully aware of
potential funding opportunities.

Although the PFCC members are actively pursuing the IRA funding that we are currently
eligible to receive, we feel that the Treasurer’s Office could play an important role as an
information clearinghouse, ensuring that all new and existing federal climate funding
opportunities are identified and brought to the attention of the entities or the state agencies
that are the intended recipients.

Further, we believe the Treasurer should also help to evaluate the supply and demand for
climate related funding and financing sources on an on-going basis in consideration of the
risks faced by the state from a changing climate as well as the mandates outlined in Vermont’s
Climate Action Plan and Comprehensive Energy Plan. This evaluation would incorporate the
missions, competency, and existing programs of PFCC members in their sectors. This should
also include advocating for climate infrastructure financing to be broadly inclusive of
adaptation programs. From insurance to grants, these programs may take many forms but
should not be ignored from climate discussions around climate finance.

We know that some states have, or will, pursue setting up a new Green Bank as a way of
accessing federal funds and we do not recommend that path for Vermont. Because of the
PFCC’s willingness — and eagerness — to work together and ensure there are no market gaps or
lost funding opportunities for our small state, we feel confident in our ability to apply for,
access, and deploy the available funding without adding a new entity. Any new organization
would require tens of millions of dollars to capitalize a balance sheet similar to the PFCC, and
would not have the 50-year history of lending that investors and rating agencies would need to
see. The organizational overhead, untested governance, and additional coordination that a
duplicate agency would add to the state would be wasteful.

Instead, the PFCC sees a role for itself as a shared “front door” for the state’s climate financing.
Our organizations will continue our work in our respective fields, while coordinating with
stakeholders and amongst ourselves. Using existing organizations within a new framework will
allow us to utilize and expand our programs and leverage our existing funding streams, private
partnerships, and credit capacity. This structure will allow us to avoid duplicative efforts and
ensure that all parts of Vermont and all the different sectors we serve have equitable access to
funding opportunities.
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This effort will require continued outreach to Vermont’s energy stakeholders, including the
State, nonprofits, and the private sector. We will need to form expanded partnerships to reach
consumers, connect with the state’s contractor workforce, leverage new technology, and
measure the impact of our joint work.

The solar array represents a method of cost control for us. The changes we are contemplating are
expensive and will likely end in higher annual operating costs for us. We need to be able to
mitigate the costs in some fashion and the solar project seems to be practical.

The feeling one gets is that the utility has no real incentive in us moving forward with renewable
energy. The feeling is backed up by the lack of control of the costs; the utility has to find the
transformer, the utility has no real interest in controlling that cost as we will have to pay
whatever they say it is. The installation is the same thing; why rush and the customer will pay
whatever the cost is.

In the long term, what incentive does a utility have to help customers use less utility provided
power?

Barriers
- Inability to plan with unknown costs, and delays.
- Utilities not being ready and open to solar and EV impact

- lack of real, supported programs within utilities to be ready and accommodating for EV’s and
solar arrays

- lack of transformers, utilities not up to date (many under-rated transformers in use), not
stocking transformers, etc.)

- Create incentives for implementation of renewable energy that work at all levels of the
programs needed to move forward

- Create programs that encourage sharing of resources (staff and inventory) amongst the various
utilities

- Create practices / rules that would have the utility responsible for anything that is not part of the
house. Responsible to the point of performance penalties (lack of performance). (Exception
would be systems that are well above residential systems)

- Rising costs are an incentive to change to more economical systems, but it is hard to plan
without knowing the costs and timing of enabling new systems.
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- Come up with processes that insure consumers will not suffer for delays that they have no
control over. This would help enable consumers to plan for projects.

- Utilities share detailed specifications on exactly what is needed. (Other resources might be
found to provide “scarce” items and it removes the barrier of unknown costs and availability).

- Create some sort of teams to help with the unknown costs of projects (like the consumer burden
of bringing transformers up to date — purchase and labor costs)

- Set deadlines on the delays that projects run into and define the remedy so that consumers are
comfortable making commitments. As an example (maybe a little far fetched); When consumers
make a significant commitment to a significant solar project, their utility bills ceases until the
utility completes their portion of the project. This would need to include transformers and
swaps, etc.

We submit the following comments as you develop your recommendations:

e Scale Up Existing Programs — We have several successful programs and partnerships
developed in Vermont aimed to finance investments to increase energy efficiency and
reduce carbon emissions for municipalities, businesses, families, and individuals. Some of
these programs have built-in income sensitivity to enable low- and middle-income
borrowers to access affordable lending options for project financing. Standing up new
programs takes time and resources, and this should be considered for identified gaps in
Vermont’s funding/financing landscape.

e Fund Outreach, Technical Assistance, and Project Management — Our experience
shows that technical assistance and coaching is essential for uptake in energy efficiency
investments in low-income communities. The day-to-day demands on low-income
families make it incredibly difficult to plan for the benefits of energy efficiency, navigate
the complexities of lending and rebate programs, and manage contractors. Strategic
outreach to enroll individuals and significant assistance and coaching to support through
the process will be essential to meeting the GHGRF intent to deliver lower energy costs
and economic revitalization to communities that have historically been left behind.

e Pre-bate, Not Rebate — In the financing instruments used to deploy funds, seek the
ability to lower the loan total to the borrower by pre-bating incentives when possible. Pre-
bate funds can be delivered to project builders/contractors directly when appropriate to
avoid the borrower needing to have a loan that includes the expected incentive. When the
traditional ‘downstream’ rebate is moved to the front of the process, the project cost is
reduced from the start, so more Vermonters can participate.

e Enable Coordination, Performance Reporting, and Monitoring — Currently there is
not an entity established to receive and coordinate climate funds, collect performance
reporting, or monitor outcomes. Establishing a centralized entity, or assigning the role to
an existing entity, would support clarity among deployment partners, utilities, agencies,
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and grant seekers and efficacy for the funds drawn down.

Currently Vermont only supports community solar arrays — the easiest way for most low-income
households to access renewable energy — with a few very modest, one-time programs such as the
Affordable Community Renewable Energy (ACRE) program. Other states such as New York
have much more advanced community solar programs that provide upfront incentives to build
projects to the type that provide the easiest access to renewable benefits for low-income New
Yorkers. Accessing federal money to create similar incentives in Vermont would be go a long
way to advancing energy equity in Vermont.

Establishing a centralized structure in Vermont to pursue, receive and distribute Federal and
other funds, operating in a manner similar to a green bank, would ensure that Vermont does not
miss out on opportunities to utilize federal funding and that these funds can be used in a manner
that is more inclusive of local and underserved communities. An issue brief on Green Banks and
the Inflation Reduction Act by the National Caucus of Environmental Legislators emphasized
that states without green banks — or public entities with a similar function — would struggle to
access $20 billion of funding made available through the Nation Clean Investment Funds and the
Clean Communities Investment Accelerator. Without such a centralized entity it is unclear where
these funds would go within VVermont and the state would lose out on the ability to influence
how these funds are used to ensure local and underserved communities are prioritized.

Since 2011 more than ten states have created green banks to leverage public funds to spur private
capital investment in clean energy projects. Green banks work with public entities, large capital
investors, and smaller scale consumer investors through a variety of financial instruments
including direct market-based lending or co-lending, loan guarantees, Property Assessed Clean
Energy (PACE) financing, on-bill repayment programs and renewable energy power purchase
agreements.

Examples of the local benefits these banks have been able to provide include:

e Support for Municipal Solar: The Connecticut Green Bank’s “Solar Marketplace
Assistance Program” (Solar MAP) provides important technical assistance for
municipalities that want to go solar, and a similar program would be highly beneficial
helping Vermont’s many small towns and municipalities access the benefits of solar.
Through Solar MAP, the Connecticut Green Bank assists municipalities with an
assessment of their energy needs, conducts site analysis, solicits and reviews project bids,
and leads them through the contract execution process. This eliminates many of the
knowledge barriers for town and municipal staff and enhances local benefits.

e Support for Community Solar: The New York Green Bank provides construction
financing for community distributed generation. This avoids several market barriers that
can slow the deployment of community solar such as the inefficient use of equity funds
and difficulty pricing the risk exposure from distributed generation.
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e Support for Commercial & Residential Renewables: The Connecticut Green Bank
supports building owners investing in solar by arranging power purchase agreement for
building owners that allow no-up front cost solar investments and long-term stability in
electricity prices. In addition, the Green Bank provides low-cost financing for residential
solar and solar plus storage projects, including financing for roof replacement if it is
necessary to solar. Providing support for both roof replacement and solar plus storage
would be incredibly valuable in Vermont given the state’s aging housing stock and the
increasing threats of power outages as a result of intensifying extreme weather.

In short, Green Banks are able to provide a combination of technical and financial assistance that
would be very valuable to Vermont towns, businesses, and families. The development of similar
institutional capacity within Vermont would dramatical improve our chance of securing federal
funding and maximize the benefits that we could provide with such funding.

Regenerative agriculture produces improved water quality, carbon sequestration and flood
resilience. These Ecosystem Services (ES) are of great and increasing value to society and paying
farmers is a very cost-effective way to secure them, as well as the rural community benefits that a
healthy farm sector provides. Many farms will need to transform their production system to
deliver these ESs. Transformation can be risky and/or expensive and farms are likely to need
financial and technical support.

To help build and maintain a healthy farm sector in Vermont, the Trust would provide
coordinated financing and technical assistance (TA) to farmers interested in transformation, as
well as ES payments to any interested farmer based on quantified outcomes. For maximum
effect, the Trust would operate two related funds:

e The Outcomes Fund would implement one or more pay-for-performance (PFP)
programs that provide the framework, metrics and tools to quantify the relevant ESs
and pay farmers for what they produce. The Outcomes Fund would aggregate carbon
and water quality credits and market them through all available channels. Revenue
from credit sales would be used to reward more farmers for environmental outcomes.

e The Farm Transformation Fund would provide interested farmers with the financial
and TA resources necessary to achieve all-in soil health. A TA team of agronomy,
dairy/livestock, and farm finance experts would work with each farmer to develop a
farm transformation plan. Each farm-specific plan would contain estimates of
productivity and financial performance, as well as ES generation. Improved
profitability and divestment of unnecessary equipment would free up cash for new
investment. Debt restructuring may be necessary for some farms. The projected flow
of ES could inform financing terms and justify public investment in the
transformation.



From: Lazorchak, Jane

Sent: Friday, January 12, 2024 12:30 PM

To: Moore, Julie; Coster, Billy

Subject: FW: Draft Climate Infrastructure Financing Report

Attachments: Climate Infrastructure Financing Report and Recommendations.docx; Appendix A - Consolidated

Public Input - Final.pdf; Appendix B - Public Comment for Al Query (email) - Final.docx; Appendix
C - Public Comment (Formal Letters) for Al Query.docx

Afternoon,

| am fine with these recommendations but want to acknowledge that this is significant additional work for our office. | am
supportive but wanted to acknowledge this to you both. Additionally, | have one important edit and a clarifying comment for
you both to consider:

1. Please note the comment included in track changes which better reflects our role with the Climate Council. It
seems important to characterize correctly.

2. For your consideration, | wonder if PSD should be called out at all specifically, understanding they have a history of
energy financing. | am fine either way as they will have a role through IAAB but did want to highlight.

If you support my comments, | can share back to Ashlynn.

Thank you,
Jane

From: Doyon, Ashlynn <Ashlynn.Doyon@vermont.gov>

Sent: Tuesday, January 9, 2024 5:57 PM

To: Moore, Julie <Julie.Moore@vermont.gov>; Lazorchak, Jane <Jane.Lazorchak@vermont.gov>; Wolz, Marian
<Marian.Wolz@vermont.gov>; Farnham, Douglas <Douglas.Farnham@vermont.gov>

Cc: Ramirez-Richer, Emma <Emma.Ramirez-Richer@vermont.gov>; Pieciak, Mike <Mike.Pieciak@vermont.gov>; Boyles, Gavin
<Gavin.Boyles@vermont.gov>

Subject: Draft Climate Infrastructure Financing Report

Good Evening All,

Thanks very much for a productive meeting this afternoon. As promised, please find attached the working draft of
the Climate Infrastructure Financing Report. Note that we are still in the process of making final updates. We would
appreciate your review with particular attention to the areas where we mention partnerships between the
Treasurer's Office and ANR/the Climate Action Office.

In today's meeting we also mentioned the 2.5% credit facility language in H.586, Rep. Kari Dolan's bill. We will be
proposing to her some significant changes to the placeholder language that is currently in the bill, to be in line with
recommendation #5 in the report. We are still working on drafting the replacement language and can share with
you when it's further developed.

Thanks again,
Ashlynn Doyon
Director of Policy

Office of the Vermont State Treasurer

Email: ashlynn.doyon@vermont.gov
Phone: (802) 595-3197 (cell phone/working remotely)
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INTRODUCTION: REPORT PURPOSE, SCOPE, AND STRUCTURE

Purpose
In the Fiscal Year 2024 Appropriations Act, the State Legislature requested a report with
recommendations from the Treasurer by January 15 regarding:

e Coordination of the State’s climate infrastructure financing efforts;

e C(reating a framework for effective collaboration among Vermont organizations,
agencies, and the financial instrumentalities of the State to maximize the amount of
federal Greenhouse Gas Reduction funds the State may receive; and

e Coordination of the deployment of these and other greenhouse gas reduction funds.

This report therefore provides a series of recommendations based on Treasurer’s extensive
public engagement and conversations with various organizations involved in different
aspects of climate infrastructure financing, as well as the insights of the Treasurer’s team.

Scope
This report is not an assessment of climate-related priorities for investment. The
prioritization discussion in Vermont is led by the State-designated Climate Council.

This report focuses on the coordination of the State’s climate infrastructure financing
efforts - specifically, as requested by the Legislature, creating a framework for effective
collaboration and the effective deployment of climate infrastructure financing and other
greenhouse gas reduction funds in a way that maximizes the amount of Federal funding
secured by Vermont.

Within this report, climate infrastructure is defined as infrastructure necessary to build,
renovate, or otherwise invest in that advances the goals and projects established by the
Climate Council. Different people have different views of what constitutes climate
infrastructure. This definition privileges the priorities of the Climate Council and focuses on
how to finance the infrastructure elements related to those priorities.

Structure of the Report
After the introduction, the report is structured as follows:

The first section (Section 1) provides an overview of the public input and the extensive
engagement conducted by the Treasurer’s Office following the request from the General
Assembly.

The second section defines the problem that led to the General Assembly’s request for this
report, defines the end goals motivating an effort to better coordinate climate
infrastructure financing in Vermont, and describes several alternative models intended to
improve coordination put forward by different organizations as part of the public
comment.
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The third section outlines a series of recommendations resulting from the overall public
input as well as insights from the Treasurer’s Office.

The fourth section provides a summary of the public input received, broken into categories
reflecting the wide range of interests and ideas shared by dozens of participants.

Finally, the report also includes three appendices that are described in the fifth and last
section. The first appendix (Appendix A) provides all the public input in one consolidated
document for ease of reference, noting that it does not replicate the ~100 form letters
focused on finding ways to have big oil companies cover the cost of climate infrastructure
financing. This input includes a substantial White Paper advocating for new authorities for
an existing institution to act in a way similar to a Green Bank to help advance an effective
climate financing strategy. This White Paper has nine co-authors (among them Senator
Andrew Perchlik and representatives from VHCB, the Vermont Audubon, the Lyme Timber
Co., and Quantified Ventures).

The second and third appendices (Appendix B and Appendix C) take the same information
as the Appendix A but reformat, anonymize, and break that information into two parts so
that a free artificial intelligence (AI) chatbot can query the data.

This tool to query public input should allow interested parties to learn about the different
themes and concepts embedded in the public input in a different way. Because this is a new
concept and a new tool, directions and sample prompts are included in the sixth section of
this report for those interested in using Al to query these files.

Please note: The same material is available in Appendix A for those that would like to
review it without an Al tool with a couple exceptions: First, the White Paper referenced
above is too long to be included in Appendix B or Appendix C if it is going to be queried by a
free Al chatbot, so that White Paper is only included in Appendix A. Second, pleasantries
have been removed. And third, descriptive information about organizations submitting
comment has been removed because of space constraints.

Finally, in terms of an Al disclosure, the report was not written with Al tools. While this
report leverages an Al tool in Appendix B and Appendix C as described, the author did not
use Al to draft any component of this report.
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SECTION 1 - Overview of Treasurer’s Office Public Engagement

Following the request from the General Assembly, the Treasurer’s Office completed
extensive public engagement to build the foundation of this report about financing climate
infrastructure.

First, the Office advertised and ran four separate Zoom sessions framed to respond to
interests from four broad sectors across Vermont, using the same questions in each
session. Those questions were posted publicly in advance and after the fact on the
Treasurer’s website, and advertising for the sessions included print advertising, social
media, earned media, personal outreach and invitation from the Treasurer’s Office (which
included asking other organizations to share the invitation widely through their networks),
and general invitation from the Treasurer in his remarks at events around the state in the
weeks leading up to these sessions.

The questions developed by the Treasurer’s team focused on three topics, each of which is
included immediately below in italics with the overarching question bolded.

Topic: Why Pursue Federal Funding/Financing? How can we do this in a way that is
more inclusive of local and underserved community priorities?

e How can Vermont be more effective in considering the needs of underserved or rural
communities with respect to making climate infrastructure improvements, such in the
areas of clean energy, weatherization, or climate resiliency in Vermont? For example,
investments in natural solutions for flood mitigation, sustainable agriculture and
forestry, floodplain and wetland restoration and other natural resilience solutions,
energy efficiency and renewable energy. Are you aware of any specific projects and
programs that need to be expanded or more focused on these communities?

e How can we better connect community groups and technical expertise, to mutually
identify needs?

e What do small, underserved, rural communities need to do to pursue these funds? How
do we maximize our ability to do this collectively, without competing with one
another?

o What do you estimate as the total investment amount required by your industry to
support necessary climate infrastructure needs in Vermont? How did you arrive at this
estimate? Alternatively, do you have suggestions on approaches/frameworks to
estimate this need?

Topic: Who is proactively engaged and are there any barriers impeding Vermont’s
efforts?

e Areyou aware of any agency or entity that is pursuing or has recently
pursued/applied for federal funding/financing, private capital, or philanthropic funds
for climate infrastructure improvements, such in the areas of clean energy,
weatherization or climate resiliency? If so, what are the entities and how successful
are they?

o How can we build on these efforts and unlock the door to additional capital import?

e How do we integrate various efforts, so we aren’t competing for time, attention, etc.
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o What are the gaps or barriers in this work?

Topic: What does Vermont need to pursue its share of federal, private, or philanthropic
funds to conduct climate infrastructure improvements?

e How could financing address these barriers experienced by underserved and rural
communities? What other barriers exist?

e What resources (including technical assistance) does Vermont need to pursue that is
currently available through federal funding/financing, private capital or
philanthropic funds and be more competitive?

o What is needed to improve clean energy and resilience project identification and
implementation? How would strategic planning or a focus on coordination among
parties and/or financing entities support project implementation? What entities do
you currently look to (can include your own) for this strategic coordination?

e Are current state agency programs and existing nongovernmental organizations in
Vermont sufficient to achieve these goals or does there need to be a new governmental,
quasi-governmental, or nonprofit to assist in this? What do you envision its role to be
and how would it work with current state agencies and groups?

Second, the Treasurer and team conducted a series of individual stakeholder meetings.
These meetings were driven by either individuals or organizations signaling an interest in
the topic, the recommendations of other organizations about groups the Treasurer’s team
might want to connect with, or the Treasurer’s personal interest and outreach to connect
with a broad range of leaders and organizations across the State.

Third, the Treasurer’s team established a web presence and email that were readily
identifiable on the website and widely advertised. This email was an option for those who
wanted to submit comment but may not have been able to attend one of the four different
online sessions. This was a well-used resource, receiving 39 separate submissions focused
on climate infrastructure financing over about a 6-week period. Some of those submissions
included recommendations for further follow up or stakeholders to seek out, which the
Treasurer’s team has made a priority.

These various inputs, the experience of the Treasurer’s team, and an irregular discussion
group including Representative Kari Dolan of the General Assembly and the Vermont
Housing and Conservation Board (VHCB), helped inform the recommendations in Section 3.
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SECTION 2 - Defining the Goals, Challenge, and Potential Alternative Approaches

Goals

At a high level, the public comment included multiple future-oriented goals for advancing
this effort. The White Paper referenced in the Introduction above articulates five clear
goals underlying the broader effort to coordinate climate infrastructure financing in
Vermont that echoed much of the other public comment:

Greenhouse gas emission reductions;

Adaption and resilience to natural disasters resulting from events like flooding;
Long-term carbon sequestration and storage;

Land conservation; and

Air, water, and soil quality.

A sixth additional goal not included in the White Paper but present in much of the public
comment was cost containment or cost reduction - helping make Vermont a more
affordable place to live by reducing, for example, heating costs. Please note, some public
comment expressed pessimism that these costs would ultimately be reduced through the
clean energy transition.

Within the context of these high-level goals, the purpose of this report is to improve
coordination of climate infrastructure financing, improve the deployment of funds for that
purpose, and maximize the total amount of Federal funding secured by Vermont as a result
of this coordination.

Challenge

The challenge leading the General Assembly to request this report on climate infrastructure
financing is that various actors involved in climate infrastructure financing could be better
organized to effectively:

e (atalogue different funding sources, especially Federal funding, and eligibility in a
broadly accessible way;

e Develop a clear financing strategy for securing funds reflective of Climate Council-
established priorities;

e Exchange information and potentially coordinating applications for Federal funding
across eligible entities or sectors; or

e Deploy that funding in a way that secures the highest possible future value.

There are different approaches to this kind of coordination problem, ranging from the
creation of a wholly new institutions to improved coordination mechanisms. Public
comment from different organizations helps articulate these different potential
approaches.
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Potential Alternative Approaches to Improving Coordination

At one end of the spectrum, within the public comments a few organizations like
Renewable Energy Vermont (REV) advocate for Vermont to follow a path similar to 23
other states and establish a “Green Bank” to coordinate climate infrastructure financing.

A “Green Bank” does not take deposits; rather, “they function like loan or investment funds,
using a wide array of financial tools to support investment in clean energy infrastructure.”!
Green banks have different governance structures across different states - sometimes they
are fully public, stand-alone entities. They can also be quasi-public entities with
independent governance. They are not profit maximizing - they use different tools to
increase the amount of climate infrastructure financing available, sometimes with a focus
on underserved markets.2

This first type of approach, the “Green Bank Approach,” would create a new institution in
Vermont responsible for developing a strategy for climate infrastructure financing,
coordinating applications for Federal funding or other funding across sectors, coordinating
public and private investment, and funding the priorities outlined by the Climate Council.

There are many ways a “Green Bank” could be structured. In addition to a stand along
public entity or quasi-public entity with independent governance, Green Banks could be
established within a Governor’s Office, a Treasurer’s Office, or as a stand-alone non-profit
“Clean Energy Fund.”

A second alternative focuses on the quasi-public concept. Several public comments,
including those from the nine-signatories of the White Paper (Senator Perchlik,
representatives from VHCB, the Vermont Audubon, the Lyme Timber Co., Center for Public
Enterprise, Trust for Public Land, and Quantified Ventures, Vera Bourg-Meyer, and Robin
Jeffers) advocate for this approach. These authors propose “the creation of a
comprehensive financing strategy by a new climate financing entity, most likely a
restructured existing organization with the authority and capacity to coordinate, prioritize,
and guide the state’s efforts to invest in a manner that will achieve meaningful progress in
climate mitigation, adaption and resilience, and to ensure that the state’s more rural,
marginalized, or underserved communities are also benefiting from these investments.”3

The Center for Public Enterprise in an additional, separate submission provides further
support for this approach and names VHCB as the entity best suited to assume the
responsibilities of a Green Bank in Vermont.

A third alternative focuses on augmenting existing institutions without creating a new
Green Bank or Green Bank-like institution. Among the public comment, this approach was

1 National Caucus of Environmental Legislators, Issue Brief: Green Banks, January 6, 2023,
http://www.ncelenviro.org/resources/green-banks-issue-brief/.

2 |bid; see also Weiss, Beinecke, and Bunting, “How a Green Bank Can Drive the North Carolina Clean Energy
Economy,” Nicholas Institute for Environmental Policy Solutions, Duke University, 2020, pp. 9 — 11.

3 Report Appendix A, page 30.
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advocated for by organizations like the Vermont Bond Bank, the Vermont Economic
Development Agency, and the Vermont Housing Finance Agency. These three
instrumentalities formed a partnership called the Public Finance Climate Collaborative
(PFCC) in 2022 because they saw their role as filling market gaps and accelerating capital
deployment in the municipal, commercial, and housing sectors - a responsibility that
became more important with the passage of the Inflation Reduction Act and the availability
of significant new Federal funding sources. PFCC members, as they note in a joint
submission in the public comment, “have already joined the relevant coalitions, submitted
project pipelines, and sought financing from the relevant national entities to support
greenhouse gas reduction projects in Vermont” across the sectors these organizations
serve.* Per PFCC members, their national partners see this partnership as already fulfilling
the role of a Green Bank in Vermont and they advocate against the creation of such a new
entity in Vermont as duplicative.

Also notably, the USDA Rural Development team has provided a $40 million dollar, zero
interest loan to at least one PFCC member already (VBB) and is considering another similar
arrangement with a second member (VEDA) for $10 million.

Rather than create a new Green Bank, the PFCC members advocate “that the Treasurer’s
Office play the role of information clearinghouse, helping make sure that new and existing
Federal funding opportunities are identified and brought to the attention of entities or
state agencies that are the intended recipients.” The PFCC further advocates that the
Treasurer’s Office assume responsibility for the evaluation of supply and demand for
climate-related funding on an on-going basis. The PFCC will act as a kind of shared “front
door” for the state’s climate financing.

Outside the context of the Green Bank discussion itself, other entities like VSECU-NEFCU
note that scaling successful programs, rather than creating new programs, can be a more
efficient approach - and that Vermont does have some successful programs to build on
already.>

Finally, while not a concrete approach itself, the balance of the public input was opposed to
the creation of a new institution in Vermont. In addition to some comments that saw it as
duplicative (like the PFCC), others were simply skeptical that creating a new institution
was necessary or that, if created, it would be able to effectively coordinate the many
existing organizations involved in climate infrastructure financing already. Two comments
also emphasized the idea that creating something new is easy, but reforming institutions to
work well together is what is challenging.

With these different potential approaches in mind, as well as proposals like that in H.586,
“An act relating to flood protection and climate resilience infrastructure and financing,”
the report proposes a different sort of coordination mechanism for improving the
coordination and deployment of climate infrastruc