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Overview

 Carbon emissions, climate change and the social cost of carbon
(SCC)

 Recent estimates of the social cost of carbon by Interagency
Working Group (IWG) (2010 and 2013)

* Types of uncertainty in the SCC — and its implications

e Estimating future damage (limits of models, data, and knowledge
about the future)

e How to value future damages today (discount rates and discount
factors)

e Use of scenario analysis with different SCCs

* Value as difference in displaced fossil emissions (of system) x SCC
(discounted)
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Reducing carbon emissions may benefit society

 Mitigates impact of carbon dioxide emissions contributing to rising
temperatures which may lead to e.g.,:

 More frequent and extreme weather patterns such as: Heat waves,
wildfires, floods, droughts

* Rising water levels on coast line

US Matural Catastrophe Update

 Ocean acidification Natural catastrophes in the USA 1980 — 2012 Munich RE 2
Overall and insured losses
Increasing number
of natural
catastrophes in last
40 years — though -
need to be careful
(re: correlation vs.
causation) 20

Source and copyright: Munich Re (2013)
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Meaning of social cost of carbon and IAMs

* Integrated Assessment Models (IAMs) are being used to better link carbon
emissions to their environmental and economic impact

 Recent Interagency Working Group (IWG) analysis used 3 IAMs — and equally
weighted their results —to come up with recommendations for regulatory impact
analysis (IWG (2010, 2013))

Socio-economic pathways (e.g., GDP, pop, CO,e)
(5 pathways (550 to 889ppm CO,e by 2100)) Perturb system
by changing

= carbon emissions
Climate cycle model in given year t and
(CO, => AT) (as a distribution) estimate difference

-~ in discounted future*
Damage functions damages (D)
(AT => D/(GDP)) => SCC

Repeat for different years

Source: IWG (2010, 2013). *Note: Relative to a baseline pathway. It varies by model but D are typically calculated on multi-century time
horizons
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Estimates of the social cost of carbon (S/metric ton) are highly uncertain

 May vary by:
. Model used — even if future known (which it isn’t)

. Assumptions about future outcomes of the world/scenarios both related and
unrelated to climate change (e.g., GDP, pop, CO, emissions)

. Choice of discount rate in a given year

. Interpretation of distribution: Whether or not using the “average” outcome
understates the importance of rare but bad (‘costly’ or other) outcomes

Year of estimate — IWG recently revised estimates for all scenarios upwards
significantly (e.g. SCC in 2020 at 3% discount rate increased from $26 to $43/ton in
2013 update)

For these - and other reasons - estimating many of these factors is highly
controversial
* For this reason IWG recommend the use of 4 cases

. Expected value with 2.5%, 3% and 5% discount rate
*  Unlikely outcome (95t percentile) with 3% discount rate

* An alternative treatment for dealing with uncertainty in the discount rate that has
been proposed is to use a declining discount rate (over time)

Note: SCC as used for these estimates refers to S per metric ton of carbon dioxide (not carbon)

NATIONAL RENEWABLE ENERGY LABORATORY )



Sources of uncertainty: Models can lead to even greater variation than
_scenarios — which is worth reflecting on

Large differences in SCC depending on both model used and scenario chosen
* Different scenarios lead to different SCC

* However, the differences among the models for a given scenario are even greater
(over 400% for some scenarios) — shown below for the 3% case

I1AMs

Overall range 100
across all 90 -
scenario for DICE
expected SCCin mFUND

2020: $18 to o
S91/metric ton 60 1
50 4
Average 40 -
S43/metric ton %0 1 S
with standard . -
deviation of
S23/metric ton) 0 l:
0 - T T T T

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
DRAFT

Note: PAGE, DICE and FUND are the IAMs used by IWG
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IWG suggests the use of 4 discount rate related cases

e Expected social cost of carbon in 2020 varies widely based on discount
rates
 Due to the shape of the SCC distribution, the expected (or average)

value is significantly more costly than the 50:50 or most likely outcomes
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Social Cost of Carbon in 2020 [2007$] Source: Figure from IWG (2013)

* Not clear “expected cost” fully reflects the impact of unlikely but plausible
outcomes. The use of 95t percentile somewhat gets at this, though unclear how to
mentally combine these cases. Note: Tail longer in low discount case DRAET
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Increase in SCC over time more than offset by discounting

 Damages associated with the
SCC increase over time as the
incremental future damage
associated with a metric ton of

-
(=
(=]

carbon dioxide also increases _  [—— 2.5% discount e
) — 3.0% discount -___9-"'
2 80 - 5.0%discount| .. o SCC
 However thisincrease in SCC &£
over time is more than offset — & e
in all cases — by the impact of ¢
discounting the future ] 40
o
iy g2 T = °V
*  Not surprisingly the net decline o * g SCC/(1.03)40
(on a percentage basis) in the @ h—

present value of SCCincreases  fbos 2010 2015 2020 2025 2030 2035 2040 2045 2050

with discount rate used Year
Source: Based on data from IWG (2013)

Discount rate (r) |:> 1/(1+r)t Discount Factor

Note: Damage due to change in CO2 emitted in any given year — relative to a baseline pathway - are based on estimates (typically) for the next
200+ years* in IAM models (and discounted to that year). For each different year (t) - this estimate is estimated for 5 different pathways and 3
different models. *Approximate as end points of models differ.
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Application of IWG methodology

* Consider a “policy” or R&D program
e Estimate in any future year carbon emissions with and without policy

e This is quite subtle and may include other effects (e.g. cost of energy changes) and
may require system analysis to incorporate important effects associated with
changes in dispatch and integration costs)

* For each scenario considered:
 For each year
*  Multiply net metric tons of CO, emissions saved by SCC to get $ benefit
* Discount all these “benefits” to current year
* For example, the discounted value of SCC in 2050 today in the 3% case is SCC/(1.03)3’
=0.34 x SCC (= 0.34 x S71/metric ton =524/metric ton) (see figure on prior page)
 and then sum for all years

* This provides and estimate of the carbon related “benefits” of policy or R&D associated
with reduced carbon emissions

e Provided emissions reduction is small enough that SCC estimate can be can be used

* SCC reflects inter-generational “damage” - unlike SOX/NOX or investment costs which
is intra-generational

* Raises question of how to incorporate SCC in traditional cost benefits analysis*

* A number of economists have raised concerns about the use of a different discount rate for different benefits —and suggest
consideration of a declining discount rate (e.g., Johnson and Hope (2012), Arrow et al 2013).
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Uncertainty in social discount rate leads to declining discount factor

. Value of $1 of future damage today — with discount rate choice — and equivalent rate

. If 2% and 6% equally likely — we see out into
the future towards the lower

Discount rate (r) |:> 1/(1+r)t Discount Factor

DRAFT

0.8 -~
0.8 -
0.7
0.6
0.5 +
0.4 +
0.3
0.2
0.1 A

2% 6%

— Value of $1 of future damage today

2% 6%

2% 6%

] [

1 Year 50 years 100 years

Source: Figure closely follows approach discussed in Weitzman (2001) and Weitzman (2007)
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Application of IWG methodology by EPA DRAFT

Table 5-7.  Pollution Damages ($/MWh) from lllustrative New Coal Unit Relative to New

Natural Gas Combined Cycle Unit*
SCC Discount Rate Damages from CO, I n ge n e ra I COSt be n efit
5% S3 o o
3% 11 analysis of generation
2.5% $18
3% (95 percentile 534 policy options needs to
be done at the system
Damages from SO, Only I I
. . Discount Rate Applied to Health Co-Benefits eve
Mor‘;allty-Rlsk 3% Discount Rate 7% Discount Rate
tudy
Pope (2002) S6 56
Laden (2006) 516 S14 . o
Estimate system-wide
Combined Damages from CO, and 50, d iffe re n Ce i n d i S p I a CEd
Discount Rate Applied to Health Co-Benefits . . .
SCC Discount Rate 3% Discount Rate 7% Discount Rate ca rbon emissionsin
5% 59 - 319 $9-517 .
noowwmo W any given year — and
Notes: Values in first twogt/:tfgf ms\?:’:;i:‘zrl":]due to roti::iill;g?SO B d isco u nt a p p ro p riate Iy

Source: EPA (2012): Note: These numbers are based on lower IWG 2010 SCC estimates.

A SCC of $43/metric ton in 2020 suggests a value of RE generation in place of natural gas
CCGT at $15/MWh to S19/MWh (worth $12 to $15/MWh today) *

*Note: (1) Assumes 0.35 to 0.45ton/MWh. (2): Actual value and costs associated with RE would require
system analysis (which would be location specific) including heat rates of generation under alternate scenario
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Some key issues

* How to best represent uncertainty of (undiscounted) damages given

 Differences in models and their ability to represent and estimate damage -
including the effect of limited (and evolving) knowledge about the future

 Difficulty to estimate certain impacts, such as tail events or “tipping points”
— and implications for bias

 Choice of social discount rates, including potential use of declining
discount rate

 Range of changes in carbon emissions over which SCC estimates are valid
 Primary vs. secondary impact
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Disclaimer _

DISCLAIMER AGREEMENT
Theseinformation (“Data”)are provided by the National Renewable Energy Laboratory ("NREL"),

which is operated by the Alliance for Sustainable Energy LLC (“Alliance”) for the U.5. Department of
Energy (the “DOE").

Itis recognized that disclosure of these Data is provided under the following conditions and
warnings: (1) these Data have been prepared for reference purposes only; (2] these Data consist of
forecasts, estimates or assumptions made on a best-efforts basis, based upon present expectations;
and (3) these Data were prepared with existinginformation and are subject to change without
notice.

The names DOE/NREL/ALLIANCE shall not be used in any representation, advertising, publicity or
other manner whatsoeverto endorse or promote any entitythat adopts oruses these Data.
DOE/NREL/ALLIANCE shall not provide any support, consulting, training or assistance of any kind
with regard to the use of these Data or any updates, revisions or new versions of these Data.

YOU AGREETO INDEMNIFY DOE/NREL/ALLIANCE, AND ITS AFFILIATES, OFFICERS, AGENTS, AND
EMPLOYEES AGAINST ANY CLAIM OR DEMAND, INCLUDING REASONABLE ATTORNEYS' FEES,
RELATEDTO YOUR USE, RELIANCE, OR ADOPTION OF THESE DATA FOR ANY PURPOSE
WHATSOEVER. THESE DATA ARE PROVIDED BY DOE/NREL/ALLIANCE "ASIS" AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY DISCLAIMED. IN NO
EVENT SHALL DOE/NREL/ALLIANCE BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL
DAMAGES OR ANY DAMAGES WHATSOEVER, INCLUDING BUT NOT LIMITED TO CLAIMS ASS0CIATED
WITH THE LOSS OF DATA OR PROFITS, WHICH MAY RESULT FROM AN ACTION IN CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS CLAIM THAT ARISES OUT OF OR IN CONNECTION WITH THE USE
OR PERFORMANCE OF THESE DATA.
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Appendix
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Sources of uncertainty: “Improvements” in modeling approaches over
time

Update of models and analysis by IWG in 2013 — including broader and
better ability to capture impact — led to 50%+ increase in the SCC vs. 2010

250
I 3% average (2013)
3% average (2010) /
200
o o .
e 3% 95th percentile (2013)
@)
O 3% 95th percentile (2010)
©
150
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=
@ 100 /
S~
¥
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2010 2015 2020 2025 2030 2035 2040 2045 2050

Source: Based on IWG data (2010, 2013)
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Uncertainty in social discount rate leads to declining discount factor (Weitzman 2001)

Discount rate (r) |:> 1/(1+r)t Discount Factor

Number of responses D @

500

450

400 B Distribution of responses B Marginal discount rate

350 — — —fJ— to Weitzman’s discount rate survey ——

w0l BN 1to 5 years 4%

e i B 6 to 25 years 3%
26 to 75 years 2%

“TII0r 76 to 300 years 1%

AR EEEE 300 years+ 0%

100 ——000
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DRAFT Discount rate Source: Figure and table come directly from data and analysis in

Weitzman (2001). No original work or ideas added by presenter
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