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Today - stakeholder requests a part of the company landscape

TCFD

— = Stakeholders increasingly requesting that
CLIMATE-RELATED companies analyze the policy cost risk of
DISCLOSWRES managing climate change

. SCIENCE — In particular, limiting global warming to 2°C
BASED Qi : .
| TARGETS Similarly, comparyes rece|V|rTg requests
“ DRIVING AMBITIOUS CORPORATE CLIMATE ACTION to SEt GHG emISSIOnS redUCtlonS ta rgets
Ceres o .
Sustainability is the bottom line. . And, Organlzat|ons Creat|ng
recommendations, methodologies, and
L({ . .
\‘7#"3’/ tools they would like companies to apply
\ V i
2 FINANCE (e.g., TCFD, Science Based Targets, Ceres,

UNEP INITIATIVE UNEP FI)
...and more
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Today - stakeholder requests a part of the company landscape

1. Dialogue lacking a scientific foundation

— Analyses are technically challenging for
companies to undertake and for stakeholders
and the public to evaluate

D — Most not knowing what they are asking for
ETS

ATE ACTION

— Limited consideration of scientific knowledge

2. Sound scientific understanding is a
requisite first step for companies,
methodologies, and dialogue

PROCEED
SLOWLY |
CE 3. Need to slow down and characterize

AIATIVE and use current scientific knowledge
- for grounded dialogue and decisions

...and more

g www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. l—PEl EEESCELR,JEHP?N\ﬁFTUTE



Degrees Celsius above pre-industrial

Global climate goals and the relationship to companies?

Climate goals
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Global climate goals and the relationship to companies?

We evaluate scientific understanding of the relationship between a
company and a global average temperature goal

Climate goals

10 (e.g., limit < 2°C) Company
5 9
% 8
£ 7
g 6
55 Global National Subnational
5 4 » GHGs? GHGs? » GHGs? »
8 3
§ D
g 1 \ }
0 |
2000 2200 Potential energy systems, economic activity,
and policy?
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Significant global emissions scenario resources available,
but appropriate interpretation critical

Large relevant global emissions scenarios peer literature (>1000 scenarios & 30 models)

A single scenario misleading — not a prediction or prescription, a projection contingent on the
model & assumptions

Sets of scenarios appropriate and useful — reflect uncertainty, help identify robust insights
— Sets provide ranges, but not distributions or statistics (medians, percentiles) and only partial uncertainty

And, results represent aggregate sectors and markets, not individual companies or that all
companies should behave the same

Global emissions scenario modeling

Natural net emissions

Anthropogenic \ ---------------------- Climate system -----------------ooocoomooany

Socioeconomic emissions (net | ;
system (population, < CO,, non-CO,) < Atmospheric < Radiative < Global |
economy, energy, and other ' concentrations forcing temperature |
land) climate factors |

(e.g., albedo)

_______________________________________________________________________________
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Global climate goals and the relationship to companies?

We evaluate scientific understanding of the relationship between a
company and a global average temperature goal

Climate goals

10 (e.g., limit < 2°C) Company
5 9
% 8
£ 7
g 6
55 Global National Subnational
5 4 » GHGs? GHGs? » GHGs? »
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§ D
g 1 \ }
0 |
2000 2200 Potential energy systems, economic activity,
and policy?



S

A broad range of global CO, pathways consistent with 2°C

billion metric tons CO, (GtCO,) / year

80
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20

-20

-40

-60

Global CO, Pathways Consistent with 2°C

= Broad range of global CO, pathways,
budgets, and 2030 & 2050 reductions
2050 (14% to -96% consistent with 2°C
change from 2010)

= Broad ranges for regions & sectors too

= Ranges reflect uncertainties — climate
system, economic, energy use,
technology, policy timing, as well as
differences in models (e.g., structure,
history, time horizon, solution)

Range and select
scenarios shown (n =408)

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Developed from IAMC (2014) data
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Assumptions matter for properly using results - technology &
policy design important for countries, sectors, and companies

= |s increasing electrification (above baseline) Global 2050 electrification from current 2°C scenarios
consistent with the 2°C goal? 180% .
& [ ]
= Should the electric sector reduce emissions by a > 160%
larger fraction than the overall economy and 0

,_
[
s
=
-
S
P

other sectors?

-
c
= Not necessarily! T:. s
— Current scenarios misleading with assumptions E 1o
facilitating decarbonization with electricity: n 80%
1. Idealized global economy-wide policy and g 0%
coordination o
2. Availability of cost-effective low-carbon generation J_;J o
technologies g 0%
— Policy design & technology are uncertainties to 5 o% ® 2050
evaluate, matter to cost-effective reductions, ® 2050 w/o neg emissions
electrification, and the attainability of 2°C pathways 'fﬂ‘f‘“ﬁm? .
8 SUngObaI results dePendent upon gIObaI Growth in Electric Final Energy from 2010

assumptions
Developed from IAMC (2014) data
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Policy design a key absent uncertainty for companies

= Policy design uncertainty absent from existing scenarios

— Most assume global economy-wide action and coordination. Unlikely.

= Uncertain policy design features...

= Sector/emissions coverage

Sector/emissions coordination

Eligible technologies

Policy instrument type

Offsets (uncovered emissions)

International partnerships

= Policy design features affect cost, environmental effectiveness, and cost-
effective role of sectors and companies

www.epri.com © 2019 Electric Power Research Institute, Inc. Al rights reserved. (o = |
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Applying uniform GHG targets (e.g., 80% in 2050) across
companies is unlikely to be cost-effective for society

2050 energy CO, changes from 2010 for 450 ppm CO,eq scenarios
(with global policy and full technology)

Model
WITCH
Scenarios find cost-effective REMIND
country % reductions differ |
MESSAGE Russia
o .
: India
MERGE .
(also true for sectors and I EU
. - lobal % . -
GHG intensities) scam | moduction ~ s
i Brazil
: USA
ENV-Linkages m World
AIM-Enduse
-125% -75% -25% 25% 75%

Developed from EMF-27 study data (Weyant and Kriegler, 2014). Sample

Change in 2050 emissions from 2010
of results shown. Some models did not report results for each country. 8
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Global emissions pathway attainability another uncertainty for
companies

= Companies don’t know whether the world can achieve the global
pathways suggested

— 2°C (and below) pathways found to be extremely challenging — geophysically, technologically,
economically, and politically

— And realization of near-term country pledges (NDCs) uncertain

= As a result, other global pathways are plausible
- e.g., when global emissions might peak is an uncertainty for companies (e.g., 2020, 2030, 2040, 2050)

12 www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. l—PEl ;tiﬂﬁ;g:fmg TTTTT



Rising emissions abatement costs one indication of the challenge

Regional GHG emissions reduction costs and maximum global temperature
with increasing levels of regional emissions constraints

Other | Other

Scendario Max °C U.S. EU G20 China India e
Baseline 6.9 (3.89.6) None

 NDConly | Base | 6.0(3.483) || 02% | 03% | 03% | 14% | 01% | 02%
NDC+ | Base  5.4(3.07.4) || 03%  04%  06%  23% | 00%  -05%
NDC++ | Base | 5.0(2.870) || 05% | 07% | 11% | 48% | -01% | 07%
NDC++ | level 1 3.8 (2.2-5.3)  05% | 07% 10% | 48% 08% @ 06%
 NDC++ | level 2 | 2.7 (1.6:3.8) 0.5% 07% | 1.0% 49% | 2.0% 0.2%
 NDC#+ | level 3 2.3 (1.4:3.1) . 05% | 08% | 1.0% | 51% | 43% | 2.1%
2°C post2030 | 2.0(1.32.6) N 2.1% | 22% 5.2% 12.3% 141% | 6.5%

Source: Rose et al. (2017)

ELECTRIC POWER
RESEARCH INSTITUTE

13 wWww.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. (o = |



Model infeasibilities another indication of the challenge

# models producing scenario / # models that tried

Higher
atmospheric
concentration 13/13 12/12
target (550 ppm
COqzeq)
" Lower atmospheric |
conceniraftion
target (450 ppm <4
COzeq)
Some cannot solve and absent
from database. 10-100% absent
when technology constrained.
14 www.epri.com

11/11 11/11 13/13 12/12 6/9

9/10 9/10 9/11 6/11 0/10

Source: Krey et al. (2014)
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Uncertainty about pathway attainability implies even larger
range of global emissions pathways relevant to companies

Global net CO, pathways consistent with 2°C Global net CO, pathways peaking before mid-century

80 80
60 .60 2050 (52% to -96%) e
© 2050 (14% to -96% o _
Z 40 change from 2010) Z 40 companies,
= = range expands
% 20 5 20 due to
— - pathway
S o 2 EEENEEESSS S 0 attainability
§ § uncertainty.
e -20 g -20 Probabilities
I Range and select @ could also be
E . 40 scenarios shown = 40 .
= (n =408) c considered.
3 .60 3 60

2040

2050
2060
2070
2080
2090
2100
2040
2050
2060
2070
2080
2090
2100

2010
2020
2030
2010
2020
2030

Developed from
IAMC (2014)

ELECTRIC POWER
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Other risks (non-climate-policy) & company strategy also matter

= Climate policy risk for companies needs to be put in context with respect to other risks
to operations and investments

= Risk assessments also need to consider current company climate-related policy planning
= GHG emissions represent only one part of an asset’s or portfolio’s value to society

- T us 1 Wold |
I i max min max
42% 95% 106% 152%

Ranges of 2050 0% 26% 41% 729%

changes in baseline % 58% 9% 117%

levels relative to 2020 7% 3% 6% 4018%

for a subset of 20%  183% 2% 129%

economic and 24% 1% 24% 3%

technologica 3% 3% 3% 50%

projections 226% 3% 26% 3% Developed from EMF-27
5% -l 5% clog e lhen
569% 9% 26% 6% '

wWww.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. l—PEl oo
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Despite broad ranges, there are robust insights

Insights found consistently across models and assumptions that provide a solid decision-making
foundation for companies and others

For instance

= An emissions pathway cost-effective for a given set of assumptions will not be cost-
effective for every plausible future

= The cost-effective emissions reduction role of an economic sector is highly uncertain

= The more ambitious the climate objective, and the more constrained the set of
emissions mitigation options, the higher the emissions reduction costs and the rate of
scenario infeasibilities

= The emissions relationship with global temperature becomes increasingly uncertain the
finer the resolution of the emissions source

www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. E!:EI ;t;ﬂﬂg:?ﬁziﬁu“



Key insights for companies, investors, and others

Individual company perspective: Essential for defining relevant uncertainties and company-specific context

Scientific basis: Approaches and strategies should be based on scientific understanding to characterize
uncertainties and identify robust insights

Cost-effective societal role of a company:

— A company’s role in reducing GHG emissions at the lowest cost to customers and society is highly uncertain

— It will be difficult to identify a unigue company-level pathway or target that is cost-effective in all plausible futures (if choosing one,
uncertainties important to communicate)

—  The cost-effective pathway or target for a company will likely differ from what is cost-effective at the global, country, and sector
level, as well as at other companies

Uncertainty, flexibility, and robust strategies:

— Characterizing and incorporating the numerous uncertainties relevant to companies will be important (GHG policy one of many)

— Having flexibility in emissions reduction levels and how they are met will be important for containing societal costs

— ldentifying a robust strategy that makes sense in different future contexts will be important

= More than a target or pathway — an approach that recognizes uncertainty, provides flexibility, and can respond appropriately

ELECTRIC POWER
RESEARCH INSTITUTE
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Key insights represent principles for evaluating & developing

19

methodologies

How different approaches address company analysis issues identified by this study

e e bl

A checklist for methodologies s ved

Global temperafure-GO:

relaBionship for 2°C feumulative

Company analysis issues for methodologies i
= Emissions scenarios used? —

changes in 2050 relative fo 2040)

= Uncertainties considered and how?
— Temperature-emissions
— Global pathway attainability
— Policy design
— Non-climate-related
= Consideration of company-specific context?

= Uniform vs. varied GHG targets across
companies?

Company-specific context

Uniform vs. varied GHG tarpets

= Consideration of flexibility options? s sampanes

= Quantitative comparison of alternatives? Company Rty
= Evaluation of strategy robustness? e i
Company strategy robustness
www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved.

Sources: Developed from this study, SBT1 (2015, 2017), IEA {2016}, Cares (2018), and UNEF FI (2018]

Thie ctads
T i

Global net 455 to 1652
Global enengy 324 to 1534
Global electric 24 1o 542
Globat net 14% to -BE% :
Global enangy 2% to -30%
Global electnc -2% to -163%
UL, net COweq -58% to -110%
L5, eleciric 4% to -170%
(1) Consider uncertainty abo -

Important, vanies from company-to-company
(&g, curment assets, markets, systems, and
policy & strategy’)

Uniform targets found unlikely to be cost-
effective

Consider flexdbility in GHG reduction levels and

how achisved

Compare cost, environmental effectivensss,
cost risk, and sensitivity of results

Evaluats by considering uncertainties and risk
management

= = 1138

1085 = 1022

235 = 251
- i T

-52% X

-89% =

Not considersd Mot considersd

Not considersd Some discussion | Some discussion

Lamited
consideration
(base year activity . : : .
plapeip Some discussion Some discussion
target year
activity)
Proposes globaly |~ Propeses unifoem | Impéies unifiorm
uniform sectoral tarpet for ail targets within
fargets utilities sector segments
Constrained to Constrained to
single GHG tarpet | single GHG tarpet .
without {coordination not Mot consider=d
coordination considersd)
Ua'i:lu;mtenl:-id
; COMPpansons
No method feq, Mot discussed
technology, cost)

Naot considered Mot considersd Mot considersd

EPI2I | wesearcy wsmirure



Scenario ranges are valuable information: lessons from Florence

ALOG6 Florence Guidance: 12z 11 Sep 2018

= The set of results informs
planning by identifying
possibilities

AVNI
CARQ
CEM2
QPs
CMC2
con
cTal
DSHP
EGR2
HMNI
HWFI
LGEM
NAMI
NGX2
NVGI
OCD5
OFClI
RVCN
SHIP
TABD
TABM
TABS
TCLP
TCOA
TCOE
TCON
TVCA
TVCE
TVCN
TVCX
UKX2

# I's : ’ ey AEMI

= All decision-relevant
information. Anything less
can mislead.

= Note: key difference from global
emissions projections — hurricane
paths are forecasts (vs. projections)

88'W 84'wW Lov =" BO'W ‘ il )‘Q T2'W 68'W 6a'w
Model guidance only. Expert interpretation required. Check NHC official forecasts. Refresh every 30 minutes for the most recent data.

20 www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. l— PE' ::gim'g:ﬁ}gmu“
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= Finding the same or stronger insights for

Summary remarks on company climate risk assessment

- G . thusi f li te risk Grounding Decisions: A Scientific Foundation for Companies
rowing enthusiasm for climate ris Considering Global Climate Scenarios and Greenhouse Gas

assessment and goals, but lacking a Goals (#3002014510, www.epri.com)
scientific basis

= Need to slow down, get grounded, and
educate (companies AND stakeholders)

— Significant knowledge available
— Understanding and proper use essential

- Embrace uncertainty, want flexibility, and
develop strategies robust to alternative futures

= New EPRI study is an initial step in
informing analyses, discussions, decisions

1.5°C scenarios

www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. I—PE' ;lEESCELRR'EHP?N"ﬁﬁmE
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Perspectives on the social cost of carbon
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The social cost of carbon (SCC) or other greenhouse gases

US Government global SCC estimate US Government SCC rulemaking use
70
Clean Power
60 Plan (2015)
$42 of damages to S
50
the world from a
3 40
tonne of CO,
Proposed
20 Medium- and
Heavy-Duty
Vehicle CAFE CAFE
10 Standards (2015) (2012) (2010)

But, what does $42 mean?

/ Vo

Little known about underlying modeling or 20 0 20 4 6 80 100 120 140 160 180 200
. . . . CO, Reduction Benefits (billion 20119$)
implied societal risks, or SCC use

23 www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. l—PEI ;h;ﬂﬂg:&‘ziﬁu“



EPRI SCC estimation and use studi

es

EPRI study assessing SCC modeling

EPRI study assessing SCC use

Understanding the Social Cost of Carbon: A Applying the Social Cost of Carbon: Technical
Model Diagnostic and Inter-Comparison Study Considerations,” (www.epri.com, #3002004659)

(Climate Change Economics Vol. 8, No. 2, 2017)

Climate Change Economics, Vol. &, No. 2 (2017) 1750009 (28 pages)

World Scientific H
© The Author(s) Hore sclelie A I b /
DOL 10.1142/52010007817500099 i mOrs e o vaiiapie

UNDERSTANDING THE SOCIAL COST OF CARBON: A MODEL A CCES S 4 -, -
DIAGNOSTIC AND INTER-COMPARISON STUDY" ¢ s . el

STEVEN K. ROSE', DELAVANE B. DIAZ and GEOFFREY J. BLANFORD

Energy and Environmental Analysis Research Group
Electric Power Research Institute (EPRI)
Palo Alto, CA 94304, USA

Tsrose @epri. com

Accepted 12 May 2017
Published 9 June 2017

The socid cost of carbon (SCC) is a monetary estimate of global climate change damages 1o
society from an additional unit of carbon dioxide (CQOy) emissions, SCCs are used (o estimate the
benefits of CO, reductions from policies. However, little is known about the modeling underlying
the values or the imphied societal risks, making SCC estimates difficult to interpret and assess. This
study performs the first in-depth examination of SCC modeling using controlled diagnostic
experiments that yield detiled intermediate results, allow for direct comparison of individual
components of the models, and facilitate evaluation of the individual model SCCs. Specifically, we
analyze DICE, FUND, and PAGE and the multimodel approach used by the US Government.
Through our component we trace SCC diffi back to intermediate variables and
specific features. We find significant varation in component-level behavior between models
driven by model-specific structural and implementation elements, some resulting in artificial
differences in results. These elements combine to produce model-specific tendencies in climate
and damage responses that contribute 1o differences observed in SCC outcomes — producing
PAGE SCC distributions with longer and fatter right tails and higher averages, followed by DICE
with more compact distributions and lower averages. and FUND with distributions that include net
benefits and the lowest averages. Overall, our analyses reveal fundamental model behavior rele-
vant 1o many disciplines of climate research, and idenofy issues with the models, as well as the
overall multimodel approach, that need further consideration. With the growing prominence of
SCCsin decision-making, ranging from the local-level to international, improved transparency and
technical understanding is essential for mformed decisions.

Keywards: Social cost of carbon; social cost of greenhouse gases; climate change; carbon cycle;
impacts; damages.
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Assessing SCC modeling component-by-component & overall

Regional Temperature
Socioeconomics ' Emissions (CO,, etc.) | Temperature e A . | Climate damages Reviewing
Population == modeling & code,
| - programming
f | | components,
| Sea-level rise running diagnostic
" Income : | ?;zl;euc:szaﬂe’ / scenarigs,
,/ 2000 2300 | 2000 23000 —= = g 2000 2300 comparing,
Y {} exploring multiple
/ ' perspectives
2000 2300

Component 1 Component 2 Component 3

= Examining the inner workings of the modeling

= 4 separate technical assessments — elucidating & assessing individual modeling components & overall
USG experimental design

= Learning about the raw intermediate modeling and behavior — undiscounted & disaggregated

25 www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. I—PE' ;h;i;ﬁ;g:?ﬁ!ﬁﬁm



Climate component assessment - global temperature responses
to 2100

Incremental global temperature change

Global mean temperature change (from 2020 1 billion tC pulse)
5 - 0.0025 -
: . Low emissions
- High emissions S
s 4 - - DICE future ; % 0.0020
3 _ &
=] )
= e
o 3 S 0.0015 -
Q. G—
s {:rj 510010 - High emissions
b Low emissions =
o future o
% 1 = 0.0005 -
Q
e o
O s T T T T T T T T T T ODUOO E T T T T T T T T
2000 2050 2100 2000 2020 2050 2100

Meaningful differences in outcomes and sensitivity for the same inputs. Trace to modeling &

implementation features (e.g., carbon cycle, non-CO,, forcing translation, pulse implementation).

ELECTRIC POWER

26 www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. l—PEl RESEARCH INSTITUTE




Damage component assessment — annual incremental damages
o 2300

$4.5 DICE ................... — e T — L

| ‘e l OECD éon—ecofnomic

$4.0 T e e N R, —— M OECD economic
. B ROW non-economic |
m ROW scoriomic
. China non-economic
-Chll’l‘aeCOHOmic ................
B Sea level rise :

‘@ ROW:agriculture
S R T i Cing cooling
W China agriculture |
$3'0 e S S— - e ...... Otherbenefl'ts
B Other damages

Non-

$25 ................... ......... economic

52'0 ................. .................... .................... ....................

.....................................

Cooling

S15

Economic

incremental damages ($/tCO,)

Model specific features dominate incremental damages
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Found fundamental SCC estimation & use issues that need to be
addressed

SCC estimation issues

Issues that impact the scientific reliability of SCC estimates, CO, reduction benefit
and net benefit calculations, and insights and conclusions

SCC use issues

= Individual model issues I
Model-specific issues .
Transparency and justification .

Damage representations dated & dependent

= Multi-model framework issues

Source: “Understanding the Social Cost of Carbon: A Model Diagnostic and Inter-

28

Transparency and justification

Structural uncertainty representation .
Input and parametric uncertainty representation
Comparability and independence of results
Robustness of results unlikely

Multi-model approach — reconsider.

Conceptual and methodological issues

Different types of SCC estimates

How to use multiple SCC values

Consistency between benefit & cost calculations

Accounting for net global CO, changes (leakage =
lower CO, benefits)

Valuing/pricing CO, more than once
Valuing non-CO, GHGs

Source: “Applying the Social Cost of Carbon: Technical Considerations,”
http://eea.epri.com (under “Research,” “Integrated Assessment”).

Comparison Study,” Climate Change Economics, Vol. 8, No. 2, 2017.

- S ELECTRIC POWER
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Summary remarks on SCC (SC-GHG) estimation and use

For the first time we understand the inner workings of the SCC (and SC-GHG) modeling
used by both the Trump & Obama Administrations

We find fundamental issues with the modeling and use

Issues that undermine confidence in current results and insights

We need to pursue immediate improvements given the need for estimates today

— Note: difficult to assess bias in current estimates given the issues and biases in both directions

There are opportunities for immediate improvement

Longer term improvement is also important, however, there are significant challenges to
overcome

2 www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. l—PEl ;tiﬂﬁ;g:fmg TTTTT
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Concluding comments

= For company climate policy risk assessment and GHG goal setting,
companies, stakeholders, and methodologies need to slow down
and get grounded in science

= For the social cost of carbon, current model and use has
fundamental technical issues, but there are immediate
opportunities for improvement

30 www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. l—PEl ;tiﬂﬁ;g:fmg TTTTT



Thank youl!

Steven Rose, Senior Research Economist
Energy & Environmental Analysis Research Group

srose@epri.com, (202) 257-7053
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Technical issues for companies & others to consider

1. What is the relationship between a company and a climate goal?

2. What does the 2°C goal represent?

3. How do potential alternative company strategies compare?

4. How might non-climate-policy related risks and current
strategy be considered?

5. Given uncertainties, what is a robust strategy?

- O Bl Do B b I AN il g gy gy | | ELECTRIC POWER
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A broad range of global CO, budgets consistent with 2°C

= Wide range of cumulative emissions (carbon budgets) consistent with a temperature

Temperature anaomaly relative to 18611880 ("C)

Cumulative tatal anthropogenic CO. emissions from 1870 (GICOg)
1000 2000 3000 4000 5000 6000

A 2°C carbon

budgetrange.- >
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IPCC WGI (2013)
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2011-2050 CO, [ Probability of | Probability of

budgets in staying staying
scenarios (GtCO,) below 2°C below 3°C

504-1423 63-88% 97-99%

465-1692 39-68% 90-97%

809-1999 16-46% 81-92%
1037-1925 7-26% 65-86%
1245-1767 5-12% 57-74%
1424-2026 0-3% 17-45%
1524-2694 0% 2-8%

Developed from IPCC WGIII (2014) and IAMC (2014)
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Model infeasibilities another indication of the challenge
e.g., Energy Modeling Forum 339 Study on Feasibility of Large-Scale Global Bioenergy

# models producing scenario / # models that tried

Advanced
bioenergy Bioenergy w/

100% higher | technology not | No biofuel from CCs No advanced Modern
Full default advanced available until | lingo-cellulosic | technologies bioenergy biomass supply
2050 biomass not available technologies | max. 100 EJ/yr

High energy CO,
budget 11/11 10/10 10/10 11/11 10/11 10/11 9/9
(1600 GtCO,)
Low energy CO,
<2°C budget 11/11 8/10 7/9 10/11 6/11 5/11 8/9

(1000 GtCO,)

Very low energy
<1.5°C CO, budget 6/10 5/10 5/10 0/10 0/10 2/10*

(400 GtCO,)

40% can't solve and absent The two feasible scenarios had extremely high CO2 prices

from database. 50-100% when
technology constrained. Developed from Bauer, Rose, Fujimori et al. (2018)
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Despite broad ranges, there are robust insights

Insights found consistently across models and assumptions that provide a solid decision-making
foundation for companies and others

Global emissions must peak and decline for goals equal to or more ambitious than a 50% chance of limiting global
warming to 3°C

A range of emissions pathways is consistent with a particular temperature because of uncertainty about the future
An emissions pathway cost-effective for a given set of assumptions will not be cost-effective for every plausible future
The cost-effective emissions reduction role of an economic sector is highly uncertain

The cost-effective annual GHG reduction level (%) for a country/sector will not equal the cost-effective global level (%)

— Assigning a global or other aggregate goal across countries and/or sectors will not be cost-effective

The more ambitious the climate objective, and the more constrained the set of emissions mitigation options, the
higher the emissions reduction costs and the rate of scenario infeasibilities

For the most ambitious temperature targets (2°C and lower), the largest rate of scenario infeasibilities occurs when
negative emissions technologies (e.g., bioenergy with CCS, afforestation) are unavailable or constrained

The emissions relationship with global temperature becomes increasingly uncertain the finer the resolution of the
emissions source as more factors and interactions separate the source from global average temperature

ELECTRIC POWER
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Operationalizing the insights

The insights represent principles for evaluating methodologies, developing analyses, setting expectations

Company analysis issues for methodologies General steps for operationalizing insights
= Emissions scenarios used? 1. Utilize existing science
= Uncertainties considered and how? 2. Develop emissions ranges
-~ Temperature-emissions — Uncertainties in the literature support emissions
_ Global pathway attainability futures that exhibit slower growth, no growth,

and declining, low, zero, and negative emissions
Specify alternative policy designs
Overlay company-specific context
Run preliminary analysis
Implement a scenario design
|dentify risk management alternatives
Develop a robust strategy

— Policy design
— Non-climate-related
Consideration of company-specific context?

Uniform vs. varied GHG targets across
companies?

Consideration of flexibility options?
Quantitative comparison of alternatives?
Evaluation of strategy robustness?

© N O U kW
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Evaluating methodologies - sample

Attainability uncertainty widens ranges even further

* Recent methodologies do not represent the uncertainty evident in the literature regarding
emissions pathways consistent with limiting warming to 2°C.

* They also propose applying uniform targets across companies
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Fundamental issues with SCC models and USG framework

The study offers perspectives on models & differences not previously available

We observe fundamental scientific issues, and improvement opportunities for greater confidence in results

Fundamental Individual Model Issues Fundamental Multi-Model Framework Issues
= Model-specific issues = Transparency and justification

— DICE - no climate feedback, CO, pulse, quadratic
damages, implied adaptation, limited parametric
uncertainty, damages dependent on other models

Structural uncertainty representation

Input and parametric uncertainty representation

—  FUND - partial radiative forcing, long temperature lag, Comparability and independence of results

potential for climate benefits and adaptation

Robustness of results unlikely

- PAGE - non-CO, forcing, ECS implementation, slow Multi-model approach — reconsider.

carbon cycle, CO, pulse, regional damage scaling, - Challenges (transparency, justification, comparability, and
undefined damages, fixed adaptation, damages independence)

dependent on other models — Consider developing a model component-by-component

= Transparency and justification for individual
model structure and behavior

NAS SCC Committee agreed that a new approach
and model components were needed (NAS, 2017)

= Damage representations dated and dependent

Rose et al (2017)
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