Clarification of Stabilization Costsin November 13, 2006 Dr aft
of the CCSP Product 2.1a Report.
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This document provides draft material that clasifiee basis for differences in the total
costs of stabilization between the three modelsqpaating in CCSP Product 2.1a. This
material is put forward as a draft insert for inmaation into the CCSP Product 2.1a
report.

The models employed in the CCSP Product 2.1a repokis substantial variation in
Gross World Product (GWP) impacts for the four gt stabilization levels. For
example, for the Level 1 scenarios, IGSM report$® loss in Gross World Product in
2100 while MERGE and MiniCAM show losses less tB&m The variation in cost
estimates for stabilization at other, less strindevels of radiative forcing is lower in
absolute terms, but the ratio of costs among maelsimilar. Differences of this
magnitude are observed in estimates of emissiotigation costs seen in the open
literature (IPCC, 2001).

This variation across the models highlights themadirole of scenarios. They are not
predictions, but tools for understanding the forites lead to emissions and potential
climatic effects and that determine the cost afecaf’eness of actions society might
take to limit the human impact on the Earth systenparticular, the variation in costs
illustrates the implications of unavoidable uncettaabout population and economic
growth over a period of many decades; it highlightscritical role of advances in
technology, especially in the second half of thetaey; and it contributes to
understanding of the way that anticipated develogmia the distant future can influence
the desirability of actions in the short term. iatly, with a longer the time horizon

uncertainty increases.

The cost estimates yielded by the models appli¢disnstudy are the result of a
complex interplay of differing structural characséics and variation in key parameter
values. Nonetheless major differences among tleenbe attributed to two influences:

(1) the amount that emissions must be reducedhi@ae an emissions path to



stabilization, and (2) the technologies that amlable to facilitate these changes in the

economy.

On the first point, the three models require ddferlevels of total C@emissions
reduction over the century, as shown in the tablew. These differences come
principally from three aspects of model behaviat assumptions: differences in
economic growth and emissions in the reference @adaes 3.2 and 3.3, and Figure
3.3), the behavior of the ocean and terrestridksys in taking up carbon (Figures 4.5
and 4.16), and the ability to meet the radiativeiftg targets by reductions in emissions
of non-CQ greenhouse gases (Figures 4.7 and 4.8). Foralligation levels, the IGSM
scenarios require greater emissions reductionsNHERGE or MiniCAM. For example,
the Level 2 emissions reductions in IGSM are consugsate with those of MERGE and
MiniCAM for Level 1. The Level 3 emissions reductgin IGSM are noticeably larger
than those for MERGE and MiniCAM for Level 2. Altteer things being equal, the
greater the required emissions reductions the davdebe the costs of meeting each

target.

Table 1. Cumulative Emissions Reductions acr oss Scenarios (GtC through 2100)

IGSM MERGE MiniCAM
Level 4 472 112 97
Level 3 674 258 267
Level 2 932 520 541
Level 1 1172 899 934

The second factor, the modeling of technology, atsdributes to the differences
among cost results. The aggregate effect of diffetechnological assumptions is
illustrated in Figure 4.19, which shows the relasiip between the price of carbon and
percentage reductions in 2050 and 2100. Roughlgkspg, these figures represent the
marginal abatement cost functions for these peridiste that technological
opportunities are similar among the models in 2@B&:implication is that if in 2050 the
three models were to report the carbon price fersiime percentage emissions reduction

it would be very similar.
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It is in the second half of the century that suhissh differences in the marginal
abatement cost functions emerge, particularly vtherrequired abatement pushes
towards and beyond 80% below the reference letkére is no small set of technology
options that determines these differences. Amoagrtbdels, the representation of
technology varies along a range of dimensions asgdhe rate of growth in labor
productivity, the cost and performance of particelaergy supply technologies, the
productivity of agriculture and the associated sadtbioenergy, and the ability to
substitute among various fuels and electricityey Bemand sectors such as
transportation. These assumptions are embodiegistah model parameters, but also, as
discussed in Chapter 2, in the underlying matherabsitructures of the models. As can
be seen in Table 2.1, end-use technologies, agenaral, not represented explicitly.

The models do not, for example, identify multipleed production technologies or a wide
range of vehicle options each with different enesging characteristics. Instead, energy
demand responses are represented in relativelygajgreconomic sectors (e.g., energy
intensive industry). Other technologies, particylar energy supply (e.g., GQapture

and storage) are more likely to be identified sjpeadly. However, three general
characteristics of technology bear note here:h@)availability of low- or zero-carbon
electricity production technologies, (2) the suppiyon-electric energy substitutes such
as biofuels and hydrogen, and (3) the availabdfttechnologies to facilitate substitution
toward the use of electricity.

In all three models, a variety of cost-effectivehteology options are available to
limit CO, emissions from electric power generation. For gxarin all three Level 1
scenarios, the electric sector is almost fully desonized by the end of the century. That
is, electricity is produced with non-fossil techogies (nuclear or renewables) or fossil-
fired power plants with carbon capture technologhus, although low carbon
technologies in the electric power sector do infeeethe costs of abatement, it is forces
outside of electric power production that drivetscs higher levels of abatement
because options available to this sector can stupgp@most complete de-carbonization..

The second of these technology factors is the neddgbtions to substitute
alternative, non-electric fuels for fossil energyend-use sectors, most importantly in

transportation. All three models include biofuedsaasubstitute for fossil fuels in non-
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electric applications. As discussed in Section@ Zwof the report, in IGSM and
MiniCAM, production of bioenergy crops must compeiéh other uses of agricultural
lands, which constrains total production. MERGESume aggregate parameterization to
represent these same constraints. Even with thi#sardy approaches, bioenergy
production is similar across the stabilization sc@s. However, because if its higher oll
prices (Figure 3.7), IGSM brings in substantialfbeds in the reference case (Figure

4.10) so that expansion of this source under sahibn targets is more limited.

In addition to biofuels, MiniCAM and MERGE includ¢her non-electric
alternatives, and these become important for miirggent emissions reductions.
MERGE includes a generic alternative fuel gener&tma renewable sources; which
could be, for example, hydrogen from solar or wiaaver. In the MERGE Level 1
scenario, this alternative fuel provides roughly®8s much non-electric energy as
biofuels by 2100. MiniCAM includes hydrogen prodoatusing electricity, nuclear
thermal dissociation, and fossil fuels with andhwiit carbon capture and storage.
Though smaller than biofuels, the contribution pditogen rises to a little over 15% of
global non-electric energy consumption in the Levetenario. Without these hydrogen
technologies in the IGSM the marginal cost of emiss reduction is higher, and more of

the abatement is met through reductions in enesgy u

Another factor influencing abatement costs at hidgéneels of abatement is the ability
to substitute to electricity in end-use sectorsyulgh technologies such as heat pumps,
electrically-generated process heat, or electris.3&ere all end uses to easily switch to
electricity, then the availability of nearly carbéree power generation options would
allow complete C@emissions reduction at no more than the costesfdlgeneration
options. However, the options for electrificatiaffer substantially among the models.
MERGE and MiniCAM assume greater opportunitiessiabstitution to electricity than
does IGSM in the second half of the’2Entury. As a result the electricity fraction of
energy consumption is higher in MERGE and MiniCAd both the reference and
stabilization scenarios. This means that low- eoz&arbon electricity supply
technologies can serve more effectively as a lost-option for emissions reduction,

reducing its costs. In the IGSM, fuel demand fansportation, where electricity is not
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an option and for which biofuels supply is insuffiat, continues to be a substantial

source of emissions.

Although the main technological influences discdssleove do not emerge for many
decades they influence emissions prices and ecaenaysts from the outset because of
the way the models allocate emissions abatemenmttiove. Across the models the
approach to “when” flexibility results in carboniqge paths that rise at an essentially
constant exponential rate over timéhis approach tends to minimize the present
discounted cost of emissions mitigation over thelltentury, but it also links future
carbon prices to near-term carbon prices in a paddie way. Thus, when there are
differences in technology assumptions that mogifyear in the second half of the
century or in reference emissions that occur masttie first half of the century, the
assumption imposed on the price path means thatdgement burden is spread over the
entire century. In this way, forces that do not eyeauntil the second half of the century,
such as anticipated technology availability, cashadow onto the present. This dynamic
view of the mitigation challenge reinforces thetfémat climate change is long-term
challenge; actions taken today must take into atcthe possible ways that the world

might evolve in the future.

Finally, there are other structural differences agithe models that likely play a role
in the economic costs of stabilization. For exanMERGE and IGSM explicitly track
investment, which directly affects Gross World Rrotgl reducing savings for the next
period, with the effect on Gross World Product clating over time, whereas the
MiniCAM does not include the impacts of abatemantapital accumulation. This
difference would tend to lead to higher economistein MERGE and IGSM relative to
MiniCAM. Similarly, MERGE is a forward-looking mad and that behavior allows it to
more fully optimize investment over time, whereashe MiniCAM and IGSM
investments may be made in one period that wouletpetted in later periods. This
difference would tend to lead to lower costs in MEHRrelative to the other two models.
Finally, MiniCAM includes carbon capture in cem@nbduction which allows for

cement emissions to be reduced almost to zerghehstabilization levels. IGSM and

L While this approach is true in general, theresame important exceptions to the generalizationesé
exceptions do not negate the overall effect ofatbmumed carbon price paths employed in the threelsno
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MERGE include cement production within an aggregaieor so that mitigation options
that may be specific to this industry are not eci)yi modeled. This omission puts more

pressure on emissions reductions elsewhere aresb reosts.

Expressed throughout the report is the view thatdgwvelopment of independent sets
of scenarios using three different models helpaftrm our understanding of the forces
that shape opportunities to stabilize greenhousecgacentrations. The differences
discussed here demonstrate the fundamental impertafrtechnology in facilitating
stabilization—particularly the importance foture technology, even developments more
than half a century in the future. The results alsggest the particular importance of
options that facilitate the production of altermatnon-electric fuels and demand-side
technologies that will allow the substitution oéelricity for current applications of fossil

fuels.
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