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Appendix B: Comparison of U.S. Marginal Abatement Cost Curves from a
McKinsey & Co. Study with Results from the MIT EPPA Model

Jennifer Morris, Sergey Paltsev, John Reilly, Henry Jacoby

This note provides a short comparison of Marginal Abatement Cost (MAC) curve derived for
USA for 2030 in the McKinsey and Company report (Creyts et al., 2007) with a curve obtained
from the MIT Emissions Prediction and Policy Analysis (EPPA) model (Paltsev et al., 2005).
The MIT Joint Program’s approach to constructing MACs, which is a relationship between tons
of emissions abated and the CO, (or GHG) price, is described in a recent report by Motris et al.
(2008).

Figure B1 shows the McKinsey and Co (in grey) and MIT EPPA curves (in red) for all
greenhouse gases (GHGs) for 2030. The first thing to note is that the EPPA MAC does not have
any negative costs, while McKinsey analysis states that “almost 40 percent of abatement could
be achieved at “negative” marginal costs”. The McKinsey curve is bounded by construction at
$50/tCOze cost and the resulting 3Gt CO,e reduction in emissions.

Exhibit B
U.S. MID-RANGE ABATEMENT CURVE - 2030 [ Abaternent
cost <§50iton
Cost Commercial Residenfial = EPPA MAC
Real 2005 dollars per ton COse Afforestation puidings - buikdings -
af cropland | pyyac HYAD _
nt  equipmant
a0 r Coal powsr plants— quipme Ve
CCS rebuikds win EQR | Sfoency  efficiency
F L::i:o“f Coal mining Residenta Active forast | 5 cSP
Y - ” ” buidings — Active foras Distributed | | Selar G
packages — Light mprave: Methane Shel managemant soar PV | | E
80 trucks _ ments mgmt ratrofits | |
Residantial | - ercia |
alactronics j lammans Commerdall Myuckear |
buidings — Residential | 4 ME- | new- | | .
| © water | | I
| Combinad e Corrol build | |
ECl Rasidentia | heat and haators systems =
buildings — | pows i |
Lighting | |
| -
| a | :
0 - b ! : : : !
I ! | i |
0.2 04 2“_|-F 14 |1.8 1. {24 2.4 28 28 30 3z
f Potential
Onghore wind — Gigatons/year
=30 | Low penetration Onshore wind — | !_EJE"YT
| Industry— | Hiigh penstrafon | ‘-"-‘3 new
| Comibined | | | ;:Fx;:”
| haatand | | Biomass power -
50 | P —— | | I = niensive
| pows | Cofirng DIOCOSSEs
C allulosic | i
! Manufacturing - i
i biofusls jar =) | | Car hybridi-
L | EZ:: g naweE HFGs mgmit Coal pawer plants — CCS | ;1 D:f
0 = | Residentia conversion i new buikds with EOR i
:’I " :gs - efficency | Onshore wind - Madium o
| ; m i | ol -
Commercial | improverharts RESmEn penetration uD: ;;‘a-i .
alactronics : Consarvafion | shift - dispatch
-120 h ! tillage | Winter axisting plants
1. Commerdal | cover crops .
I buiklings — | Coal power plants -
I CFL lighting Reforsstation CCS rebulkds
230 Commarcisl
buildings - Commerdal
LED Iignting buidings - Natural gas Affarestation of Cosl power
s 5| o C
. Mew sha and petroleum  Pestiretand plarts - CCS
Fusl aconomy miprove mant h
~ systems new buikds
packages - Car managemant

Figure B1. McKinsey and EPPA Abatement Cost Curves for USA in 2030 (all GHGSs).

" This is an appendix to Morris ef al. (2008) Marginal Abatement Costs and Marginal Welfare Costs for Greenhouse
Gas Emissions Reductions: Results from the EPPA model, MIT Joint Program on the Science and Policy of

Global Change, Report 164 (http://globalchange.mit.edu/files/document/MITJPSPGC Rptl64.pdf).
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To put this level of reduction in perspective, one can consider the following data. In 2005 the
U.S emitted 7.05 GtCOxe. In the last 15 years, from 1990 to 2005, the U.S. GHG emissions have
increased by 15%, which corresponds to a 1% annual growth. Assuming that in the next 25
years, from 2005 to 2030, the emissions would increase only at half of the previous growth rate,
the 2030 U.S. emissions would be around 8 GtCO,e in the reference case of no climate policy.
Abatement of 3 Gt from the projected 2030 level would correspond to about a 20% reduction
from 1990 GHG emission levels.

Integrating the area under a MAC curve can provide a rough estimate of the total cost (for
uses and abuses of MACs and their relationship to welfare costs, see Morris et al., 2008). A
crude approximation of the area under the McKinsey curve combines a negative cost of $54
billion in the first part of the curve and a positive cost of $37.5 billion in the second part of the
curve (approximated by the areas of triangles: 2*90*1.2 and 2*50%*1.5), so the total cost is
around negative $16.5 billion. The same exercise for the MIT EPPA curve results in the cost of
$33 billion. So the difference between the total costs is around $50 billion, which is mostly
driven by the negative part of McKinsey curve (for an example of how bottom-up based
engineering studies can be misleading as a guide to an economy-wide policy, see Jacoby, 1998).
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Figure B2. MAC from EPPA for USA in 2030 (left scale) and change in energy use (right
scale)

Figure B2 separates out components of change in the U.S. energy system in 2030, at each of
the MAC points, as derived from the MIT EPPA model. We focus here on the changes in energy
use by fuel type and overall reductions in energy use. We cannot easily assign distinct
technologies and practices in the MAC as in the McKinsey analysis because in our modeling
approach there is a continuum of responses as the CO,e price rises. For example, at low prices
some reduction in energy use occurs and as the price rises there is more substitution away from
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energy. Similarly, some uses of coal are reduced at low costs and more reduction occurs at
higher costs. Also there is interaction among different technologies and policies that cannot be
easily decomposed in the MAC derived from the EPPA model. The solid black line represents an
extended MAC (not truncated at 3Gt CO,e of abatement), while the bars and the right scale
shows the changes in energy use at different levels of abatement. The biggest reduction comes
from a decrease in coal and petroleum products use, and a reduction in energy use due to a
demand response. At the same time, there is an increase in biofuels, gas, and renewables.
Considering political constraints, we keep nuclear energy roughly constant in this exercise.
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