6 Chapter 1 - Summary

emission permits by both producers and large

combustors of fossil fuel.

Mechanism and Level of Complexity

Table 1.1 Comparison of Control Options in Terms of Their Primary Control

fuel carbon
cap and trade

Economy-wide

Reliance on price signals

Partial emissions cap;
Product standards for small
sources (some tradable)

Electricity price signals,

(fuel and electricity) standards
Relatively simple designs
Option 11 Option |
Designs with political
compromises Option 111 Option 1V

Table 1-2 shows the largest categories of
emissions and how the emitters are affected by
the control designs. Under Option |, about 50
percent of current emissions would be covered
under the cap. Most of the remaining emissions
covered are through  standards  for
manufacturers of energy-consuming equipment
(manufacturers of vehicles, furnaces, air
conditioners, and hot water heaters).  Option
II’s economy-wide cap on carbon creates a
price signal to all emissions sources, inducing
them to either reduce consumption of fossil
fuels or switch to fuels with a lower carbon
content. Under Option IIl, most emissions

sources see both a price signal from energy
suppliers as well as emissions standards on
manufacturers of energy-consuming equipment.
Option IV differs from Option | mainly in the
cap on the transportation sector and the
procedure for allocating permits to sources.

The next chapter discusses the U.S. energy
system, what can be done to reduce emissions
to the specified levels, and who would have to
take action to do so. Chapter 3 presents
descriptions and preliminary analyses of the
four control policy approaches sketched briefly
above.



Table 1.2 Comparison of Control Strategies on Largest Emissions Sources

Option | Option 11 Option 111 Option 1V
Emissions % Cap and Efficiency Cap and Efficiency Cap and Efficiency Cap and Efficiency
of total trade standards trade standards trade standards trade standards
Electricity 36.6% cap indirect price price indirect cap indirect
supply effect effect effect
Other large 11.3% cap price price partial cap
boilers and
process heaters
Manufacturing: 5.6% price price
other
primary fuel
Manufacturing: 9.6% price minor price price minor price minor
electricity use
Non- 6.7% price price price price
manufacturing (partial) (partial)
Buildings: direct 11.2% most price price most most
fuel use (heat,
hot water, etc.)
Buildings: 23.3% price partial price price partial price partial
electricity
(lights, AC,
appliances)
Cars and trucks 24.8% tradable price price fixed “cap” “cap”
standards
Other transport 7.4% price price

Notes: The term cap indicates emissions are directly capped; the term price indicates price increases due to a cap on either fuel carbon or carbon
emissions. Efficiency standards are not tradable unless marked otherwise. “Cap” (in quotes) indicates a tradable standard that caps emissions

potential. Emissions from the generation of electricity are listed both separately and under the end-use sectors and thus are double-counted.

Source: The Heinz Center
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CHAPTER 2
REDUCING CARBON DIOXIDE EMISSIONS

INTRODUCTION

A growing scientific consensus is emerging that
global climate change, induced by emissions of
carbon dioxide (CO,) and other greenhouse
gases, poses significant risks.  Changes in
rainfall patterns, rising temperatures, inundation
of coastal areas from rising oceans, and other
phenomena could have a major impact on people
and the economy. Although uncertainties still
exist regarding the rate and exact nature of global
climate change, many world leaders have
concluded that the risks are too high to ignore.

These concerns prompted 159 nations to send
representatives to a meeting in Kyoto, Japan in
December 1997 to create the Protocol to the
Framework Convention on Climate Change. The
key terms of the Protocol are summarized in Box
2-1. If the Kyoto Protocol is ratified by the U.S.
Congress and at least 54 other nations, the
United States will be committed to reducing its
emissions of greenhouse gases to a level 7
percent below that of 1990. Members of
Congress and other interested parties will want to
understand the ways in which this nation could
reduce emissions and the associated costs before
deciding on the advantages and disadvantages of
ratifying the Protocol.

If the United States is to reduce greenhouse gases
emissions, the main focus will be on reducing
CO, from fossil fuel combustion. CO; is the
major anthropogenic greenhouse gas, accounting
for about 85 percent of all such current
emissions. U.S. CO, emissions have increased
from 1374 million metric tons carbon (MtC) in
1990 to an estimated 1496 MtC in 1996. More
than 98 percent of these emissions come from the
combustion of fossil fuel.

CO; is an inherent product of the combustion of
fossil fuel, specifically coal, petroleum, and
natural gas. Currently, no practical way exists to
directly trap and sequester CO, emissions or to
modify

their nature to render them harmless'. Thus, the
typical practices for reducing the environmental
impact of conventional air pollutants will not
work with CO..

Fossil fuel currently supplies 85 percent of all the
energy used in the United States. For every
American, the economy annually uses almost 4
tons of coal (mostly to generate -electricity),
1,000 gallons of oil, and 90,000 cubic feet of
natural gas. Supplies now for all three fuels are
plentiful and inexpensive, and that is likely to
continue to be the case for the next 15 years, with
the possible exception of temporary disruptions
of petroleum imports. Consumption is rising
steadily and will continue to rise without policy
intervention. Carbon emissions will rise along
with consumption.

Reducing the amount of fossil fuel consumed in
this country means reversing a century-long

! Considerable research is underway on how to remove
CO, from stack gases and sequestration. For example,
sequestration in depleted oil and gas wells, aquifers, and in
deep oceans has been proposed. If this research is
successful, sequestration could be a major asset in
controlling net emissions. However, many uncertainties
remain over the economics and long-term stability of these
approaches. None is likely to play a significant role in the
timeframe explored by this study.

The Heinz Center
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Box 2-1
The Kyoto Protocol

The Kyoto Conference resulted in a Protocol, tentatively adopted by 39 nations, including all the major
industrial economies. The Protocol established many conditions under which emissions of greenhouse gases
must be reduced. The key points affecting the United States are in Articles 3 (establishing the targets), 6 (joint
implementation among Annex | nations), 12 (joint implementation with non-Annex | nations), and 17 (initially
16 bis, on trading among Annex | countries).

Avrticle 3 sets limits for the aggregate emissions of six greenhouse gases specific for each party (7 percent below
1990 emissions for the United States on average in the five years 2008—-2012: the commitment period); requires
demonstrable progress by 2005; accounts for carbon storage (positive or negative) in forests and land; allows
for trading among parties to the Protocol; and allows for banking of credits if emissions goals are exceeded
during a commitment period.

Article 6 elaborates on the emission reduction units that can be acquired from other Annex | parties, specifies
that these reductions are to be supplemental to domestic actions, and defers full guidelines to a later conference.

Avrticle 12 establishes a “clean development mechanism” for transferring credits from emission reductions in
non-Annex | nations. This procedure for achieving reductions in developing countries allows credit for
reductions effected before 2008, the only form of early credit.

Article 17 states that the Conference of the Parties shall implement rules for trading among Annex | countries,
and that such trading will be supplemental to domestic actions.

However, the Conference also left many unresolved issues. In particular, the Kyoto Protocol does not clearly
define “supplemental” as used in Article 6. That term could be interpreted as almost any fraction of the total
reduction required. In addition, credit for carbon sequestration in forests is allowed, but not defined. These
issues may be resolved in future conferences. Until then, analysts can only estimate what values may be
allowed.

Finally, the Protocol does not explicitly allow domestic reductions prior to 2008 to offset post-2008 emissions.
An early start on the trajectory to the emissions target will be important for a smooth and affordable transition.
Early credits would be a significant motivating factor for electric generating companies and other industries to
start taking significant action. However, an amendment to the Protocol would be required for such actions to be
credited. The United States Government could unilaterally provide equivalent compensation to initiate early
action, but that may be politically difficult.

trend that has been interrupted only a few times, « Replace coal, which has a very high carbon
for example, during the energy crises of the content, with natural gas, which releases much
1970’s. The goal is to reduce carbon emissions less CO; per unit energy.
from energy use while causing little or no harm to « Replace fossil fuels with energy sources that
economic growth. Three general options can be result in no net emissions of CO, .
exercised to accomplish this goal:
» Improve the efficiency of fossil fuel supply and

consumption.
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Specifying scenarios of what physically must
happen to reduce emissions in order to achieve
given targets such as the one agreed to at Kyoto is
relatively straightforward. For example, many
cost-effective opportunities exist to reduce the
consumption of energy. Other countries often use
significantly less energy to accomplish the same
tasks, as discussed in Box 2-2. The problem lies
in motivating energy users and producers to make
the decisions necessary to move the country
toward the goal. Estimates of the costs of meeting
the goal range from positive net benefits (as a
result of reduced energy purchases) to a reduction
of several percent of the Gross National Product
(because of constraints on energy use).

No legal constraints on emissions of CO, currently
exist. Any user is free to buy and burn as much
fossil fuel as desired. Meeting the Kyoto target
will require price increases, restrictions on
emissions, regulations, incentives, or some
combination of these approaches. It is critical to
design a control policy carefully, considering the
many different ways energy is used throughout the
economy. Policies directed at achieving
reductions from electric generating companies or
manufacturers may be entirely inappropriate for
individual consumers.  Similarly, policies for
improving the efficiency of automobiles may be
very different from those designed to improve the
efficiency of buildings. In addition, different

policies will encounter varying levels of
opposition.

Various  strategies have been  proposed.
Conceptually, the simplest strategy involves

taxing fossil fuel based on carbon content.
Increasing the cost will result in people using less
fossil fuel. However, the level of tax required to
meet a given emissions target is uncertain.
Because any new tax would likely encounter

strong resistance, this report does not propose
carbon taxes as a main option for reducing carbon
emissions. Note, however, that other nations have
used energy taxes to reduce energy demand, and
some are considering additional increases in an
effort to meet their emissions targets.

Policymakers have a variety of other options to
reduce carbon emissions. One option is to limit
the amount of fossil fuel introduced into the
economy. With this approach, producers and
importers are allowed to market fossil fuels only
up to the point where carbon emissions would
meet the target. Alternatively, large consumers of
fossil fuel such as electric generating companies
and heavy industry might be required to have
permits to burn fuel. Permits could be traded
among users to reduce costs, as discussed below.
In addition to these direct forms of control,
standards could be imposed to further increase the
efficiency of vehicles, appliances, lighting, and
other energy-consuming devices and systems.
Information and incentive programs could
improve the rate at which efficient energy
technologies or renewable energy technologies
penetrate the marketplace. Finally, R&D could
improve these technologies to make them more
attractive for users.

The energy system is complex, and regardless of
which form of control is applied, economic
efficiency will be best served if maximum
flexibility is built into the system. Permit trading
is an effective way to introduce flexibility. Under
a trading system, companies that can easily reduce
emissions do so, then sell the rights to those
emissions to others that find it less expensive to
buy permits than to make the necessary reductions
themselves.

The Heinz Center
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Box 2-2
International Comparison of Energy Use and Carbon Emissions

U.S. energy consumption and CO, emissions are often compared critically with those of Europe and Japan.
Americans use about twice as much energy; about 280 gigajoules per capita versus about 160 for Germans, 140
for French and British, and 130 for Japanese. Only Swedes and Finns come close to the U.S. level. Several
underlying factors explain much of the difference'. Furthermore,the gap has narrowed considerably over the
past twenty-five years.

Key factors that affect levels of energy consumption include wealth, climate, residential and commercial
building area, mobility, and types of manufacturing. Energy consumption usually increases with wealth. High
per capita income in the United States has increased relative energy use, although several European countries
have equivalent income. Climate is more extreme here than in most of Europe and Japan, requiring more heat
in winter and cooling in summer. Very few Japanese homes have central heating. Air conditioning is rare in
European homes, but about 70 percent of American homes have it. Americans enjoy bigger, better equipped
homes (almost twice the area per person as Japanese) and more commercial space per capita than most other
countries. When these three factors are taken into account, U.S. residential and commercial energy
consumption is comparable to other leading industrialized countries.

Americans use twice as much energy for transportation as other people because they drive more and have
bigger cars. By class, American-owned cars get equivalent gasoline mileage as in other countries, but the
distribution of classes in the national fleets differ. It is interesting to note that the United States achieved this
parity of mileage by implementing regulation (CAFE standards), while keeping gasoline relatively untaxed
(gasoline costs about one-fourth as much as in most countries.) It is also apparent that such regulation provides
no motivation to drive less or buy smaller cars.

U.S. manufacturing energy intensity is within the range of other countries. Norway, Finland, and Sweden have
higher intensity because of their large production of raw materials that require considerable energy input. CO,
emissions vary more than energy intensities because the fuel mix differs in each country. High reliance on coal
for electrical generation (and in industry to a lesser extent) contributes to high per capita emissions in the
United States. Several countries have notably lower emissions because they have a high fraction of generation
from hydroelectric, nuclear, or biomass fuels. Norway, Sweden, and France produce very little carbon from
their electric sectors.

These comparisons show that the United States uses more energy and releases more carbon per unit of
economic activity than other industrialized countries. It would be simplistic, however, to conclude that all we
have to do is adopt the practices of these countries to reduce our emissions their levels. Although we can find
many attractive ideas from Europe and Japan to reduce carbon emissions, implementation of these ideas must
be grounded on what would work in the United States. To some extent, it will be easier for the United States to
lower emissions than some countries because electric generating companies can shift from coal to natural gas or
renewable energy relatively easily. In the transportation sector, however, approaching European levels of
emissions will be more difficult.

! Lee Schipper et al, “The Evolution of Carbon Dioxide Emissions from Energy Use in Industrialized Countries: An End-
Use Analysis,” Energy Policy, Vol. 25, Nos. 7-9 (1997), pp. 651-672. See also International Energy Agency, Indicators of
Energy Use and Efficiency, 1997.
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The end result is that total emissions are the
same as if each company reduced their emissions
by the same percentage, but both sets of
companies are better off financially. Trading
schemes can also reward early actions if the
company that implements the improvement can
receive credit for such actions either for sale or
use in later years. Meeting a target such as that
agreed to at Kyoto will require starting almost
immediately.  The existing infrastructure to
produce and consume energy is massive, and
changes of any significance will take many years
to Dbecome fully effective. Encouraging
companies to take actions to reduce emissions
before the control system is implemented is
essential.

Emissions trading systems have been adopted for
other pollutants, such as sulfur dioxide, lead in
gasoline, and CFCs. However, experience with
such trading is limited, and these existing
programs are much smaller than the one
proposed for controlling emissions of CO,.
Furthermore, control and trading for CO,
emissions rights could be much more complex
than trading for these other pollutants. While
companies generally produce these other
pollutants, a large fraction of CO; is produced
from the energy consumed by individuals. Most
analysts agree that trading would be beneficial,
however, the following questions will need to be
addressed:

* Where within the energy system should we
establish control points for permitting?

* How should we distribute permits to
companies? Should they be allocated
according to some formula or auctioned to
the highest bidder?

e How can we include the buildings and
transportation sectors?

* How would the costs and benefits be
distributed throughout the economy?

This chapter reviews the energy system and the
ways we can reduce carbon emissions. Chapter 3
presents four alternative control programs that
could be implemented to achieve these
reductions.

EMISSIONS REDUCTION TARGET

The actual target for CO, emissions from
domestic fossil fuel combustion is uncertain
because it will depend upon (1) the credit we can
take for carbon stored in trees, (2) credit
purchased for reductions made in other countries,
and (3) reductions in other greenhouse gases
(GHGs ). These factors are discussed in Box 2-
3.

As noted in Box 2-3, the U.S. target from the
Kyoto Protocol is likely to be about 1300 MtC
per year. It is unclear to what extent qualifying
reductions can be purchased abroad, thereby
increasing the amount of CO; that can be emitted
in this country. Some analysts have concluded
that credits purchased internationally will
account for a high percentage of all reductions
required by the United States.  However,
uncertainties regarding issues such as verification
and long-term guarantees of performance may
limit international credits. For the purpose of
estimating the changes that the U.S. would be
required to make, we assume a conservative 50
MtC. That results in a target of 1350 MtC per
year, essentially equal to the emissions of 1990,
not to the 7 percent below 1990 specified in the
Kyoto Protocol. U.S. emissions could reach
significantly higher levels if large amounts of
reductions are purchased from other countries, or
if more credit could be given for reforestation

The Heinz Center
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Box 2-3
Potential Kyoto Carbon Target for the United States

The goal (referred to as quantified emission limitation or reduction commitment) of the Kyoto Protocol for the
United States is to reduce total emissions of the six greenhouse gases to 7 percent below the levels of 1990 as
specified in Annex B. Emissions of carbon (in the form of CO,) in 1990 were 1374 million metric tons (MtC)".
Of this amount, 1346 MtC were from the combustion of fossil fuel. If all greenhouse gas (GHG) emissions
were to be held to the same goal, the target for carbon would be 7 percent below the 1990 level, or 1278 MtC.
Essentially, all of the reduction would have to come from combustion of fossil fuel because the release of CO,
from sources such as cement manufacturing is an inherent part of the process. Therefore, the target for fossil
fuel combustion would be 1248 MtC, or slightly lower if concrete manufacturing (the major nonfossil source of
COy) increases significantly.

However, other factors may change the need for CO, emission reductions. First, the Protocol requires that
nations account for changes in carbon stored in forests and land (when the changes are due to direct human-
induced land uses changes and practices) in calculating emissions in the commitment period. However, the
Protocol bases the commitment on 1990 gross emissions only, not including carbon flow into or out of carbon
sinks. Vast areas of former farmland in the United States have reforested since 1920. According to one
estimate, a net 281 MtC of carbon per year was sequestered in U.S. forests from 1952 to 1992 from land newly
turned to trees and the growth of older forests.> This represents an offset of about 25 percent of U.S. emissions
of carbon over this period. Future sequestration is expected to slow to 178 MtC per year as forests mature and
reforestration of croplands decreases.

The Protocol limits credit for sequestration to carbon stored by trees planted after 1990, which would disqualify
about half the 178 MtC. Further limitations also are possible and should be considered when
estimating the target. Limiting credit to larger tracts of land substantially reforested since 1990 might reduce
the allowable sequestration to about 50 MtC/year. Therefore, sequestration is assumed here to raise allowable
emissions to about 1300 MtC (1248 + 50).

(continued)

than is assumed here, or if other GHGs prove
easier to control.  Although 1350 MtC is
certainly an easier target to meet than one that is
7 percent below the emissions of 1990, it still
represents a significant decrease from current
emissions, and an even greater decrease from
estimated 2010 emissions absent controls.

A higher cap would, of course, be easier and less
expensive to meet. Although this possibility is
not addressed directly in this report, we can
consider each sector independently, and we
present a range of reductions for each sector.
The lower level of emissions for any sector
would result from policies that emphasize cuts
from that sector relative to other sectors. The

higher level could represent either a lower
emphasis for reductions from that sector or a
higher domestic target (e.g., because of increased
international trading.)

SOURCES OF CO;,

Fossil fuels are used in five sectors: residential,
commercial (these two are sometimes combined
under buildings), industry,



Designs for Domestic Emissions Trading 15

The second factor is the degree to which emissions of other GHGs can be reduced. For example, some sources
of methane can be controlled relatively easily. Other GHGs may be harder to control. The five non-CO; gases
listed in the Kyoto Protocol collectively were equivalent to 244 MtC of carbon in 1990. The level to which
each can be reduced for the same cost per ton carbon equivalent is uncertain, and the effect on CO, could be
positive or negative. This analysis assumes that the net effect is zero. This estimate may be conservative, but
to have a significant (e.g., 50 MtC) effect on carbon emission reductions, the other GHGs collectively would
have to be reduced by 27 percent from 1990. Thus cross-trading of GHGs, while potentially important from an
economic perspective for the other gases, is unlikely to make much difference for CO.,.

Finally, while the Protocol allows nations to take credit for reductions they arrange in other developed (Annex
I) countries, these credits must be “supplemental to domestic actions.” The Protocol does not clearly define the
term. “Supplemental” could be interpreted as almost any fraction of the total reduction required, although the
participants probably intended a fraction well below 100 per cent. Large credits could be available from the
countries of the former Soviet Union because the collapse of those economies after 1990 led to major
reductions in emissions of carbon. As their economies recover, many opportunities will become available to
build efficiency into new investments there. In addition, many attractive opportunities exist for reductions from
low-cost efficiency improvements in developing countries using the Clean Development Mechanism. Many of
these international opportunities will be quite inexpensive relative to those in the United States.

! Energy Information Agency. Emissions of Greenhouse Gases in the United States 1996, United States
Department of Energy, Washington, DC, DOE/EIA-0573 (96), October 1997, p. 18.

Z Birdsey, R.A.and L.S. Heath, “Carbon Changes in U.S. Forests,” in L.A. Joyce (ed.), Productivity of
America’s Forests and Climate Change, General Technical Report RM-GTR-271 (Fort Collins, CO: USDA
Forest Service, 1995), as reported in EIA Emissions of Greenhouse Gases in the United States, 1996.

% Forests reach carbon equilibrium in 30 to 50 years. Thus, those started before 1990 account for about one half
of the sequestration

transportation, and electric generation’. Energy  sector uses energy to move cars, trucks, and other
is used in buildings for heating, cooling, hot  vehicles. Fossil fuels are also used to generate
water, lighting, and appliances. Industry uses electricity, another form of energy, which, in
energy for a wvariety of functions in the turn, is used in buildings and by industry. Energy
manufacture of products. The transportation consumption for 1990 (the target base year) is
shown in Table 2.1. This table also shows
energy data for 1994 (the latest year for

2 Electric generation is frequently not considered to be a

separate sector, because electricity is an intermediate use comprehensive data on energy used in
of energy. Essentially all electricity is consumed by the manufacturing,) and 1996 (the most recent
buildings and industry sectors. It is separated in this report national data.) Table 2.1 depicts the trajectory
because the decisionmaking on reducing the use of the nation has been following, which

electricity is different from that on increasing the carbon
efficiency of electricity generation and transmission. Such
decisionmaking is a major focus of this study. However,
the tables show energy use and carbon emissions for the
five sectors separately and with the electric sector
subsumed in the buildings and industry sectors.

The Heinz Center
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Table 2.1 Historical Energy Use and Carbon Emissions by Fuel and Sector

1990

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

1994

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

1996

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

Energy Use (Quads) Carbon (MtC)
Oil Other  Electric Total Primary with elec
1.2 0.6 10.1 16.5 91 253
0.9 0.0 9.2 12.9 59 207
8.3 2.2 10.3 321 288 454
21.8 0.1 0.0 22.5 431 432
1.3 9.3 [29.6] 477
33.6 12.3 84.1
591 0 1346 1346
Energy Use (Quads) Carbon (MtC)
Oil Other  Electric Total Primary withelec
1.3 0.7 10.7 17.7 99 268
0.7 0.0 9.7 135 62 214
8.9 2.5 10.7 34.2 297 467
22.8 0.1 0.0 23.6 452 452
1.0 9.8 [31.2] 494
34.7 13.1 89.2
604 0 1404 1401
Energy Use (Quads) Carbon (MtC)
Oil Other  Electric Total Primary withelec
1.4 0.7 11.6 19.1 106 287
0.8 0.0 10.6 14.8 65 230
9.1 2.7 10.8 35.4 307 477
23.7 0.1 0.0 24.4 468 469
0.7 111  [33.0] 517
35.7 14.6 93.8
626 0 1463 1463
Sources: EIA, Annual Energy Review 1996, Tables 1.1, 2.1, 6.6, 7.3, 8.5, 8.12, and 10.2;
EIA, Emissions of Greenhouse Gases in the United States, 1995, Tables 5, 6, 7, 8, 9, 10, 11,

and 12.

Coal
0.1
0.1
2.8
0.0

16.2

19.1
481

Coal
0.1
0.1
2.5
0.0

17.3

20.0
496

Coal
0.1
0.1
2.4
0.0

18.4

21.0
512

Gas
4.5
2.7
8.5
0.7
2.9
19.3
273

Gas
5.0
3.0
9.6
0.7
3.1
21.3
302

Gas
5.3
3.3
10.3
0.7
2.8
22.6
318

provides a basis for understanding the changes

that must happen to get back to 1990 levels.

Total energy use in 1990 was 84.1 quadrillion
BTUs (quads), of which 72 quads were from
fossil fuel. Almost 40 percent of 1990°’s energy

was provided by petroleum. Natural gas and coal
each accounted for about 22 percent. The
remaining 12.1 quads were from nuclear power
and various renewable energy sources, none of
which produce CO,. The largest energy-use
sector was electricity, which represented about



Designs for Domestic Emissions Trading 17

35 percent of the total. Transportation was the
next largest sector, representing 27 percent.
However, in the 4 sector accounting system
where the energy required to produce electricity
is included in the sector where it is used, industry
becomes the largest sector, with 32.1 quads.

Total emissions of carbon from fossil fuel
consumption in 1990 were 1346 MtC. Carbon
emissions by sector and fuel are shown in Table
2.1. The electricity sector was the largest
producer because of its high use of coal, even
though the transportation sector used more quads
of fossil fuel. Assigning electricity’s carbon
emissions to the end-use sectors again shows
industry as the highest sector. If we combine the
residential and commercial sectors, the buildings

sector would show slightly more emissions than
industry. Petroleum was the source of 44 percent
of carbon emissions, coal 36 percent, and gas 20
percent.

Figure 2.1 shows carbon emissions for major
elements of each sector in terms of percentage of
the total (emissions from the electricity sector are
distributed to the buildings and industry sectors.)
These elements, along with electricity
generation, will require the greatest scrutiny in
efforts to reduce emissions. Automobiles emit
the largest amount of carbon (about 19 percent),
followed by industrial boilers. If we combine
residential and commercial buildings, lighting
and other appliances would show emissions
about as high as boilers.

I ) ] lighting/refrigeration/other appliances

Residential

heating
water heating

'|E=3 air conditjoning
] commercial lighting

Commercial other commercial
coolihg/ventilation
_ heating

I ] machine drive

Industrial boiler fuels

process heat
other manufacturing

Transportation

non-manufacturing industrial

ight duty
vehicles

0% 5%

15%

I:l Electricity

20% 25%

Figure 2.1 Percentage of Carbon Dioxide Emissions Resulting from Major End Use Categories

Notes: This figure displays emissions resulting from primary fuel and electricity usage and is keyed to
1994 energy use data. This figure uses information from the Energy Information Agency (1994,
1995b; 1997a; 1997b), the Office of Technology Assessment (1993), and Davis (1997).

The Heinz Center
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Although CO, emissions increased only slightly
from 1980 to 1992, they rose much more rapidly
over the next four years. If the economy
continues to grow strongly, and energy prices
remain low, CO, emissions are likely to continue
to grow rapidly. To reach the target of 1350 MtC
calculated in Box 2-1, we must reverse that
trend. If we take prompt action (i.e., allowing
early credits) in anticipation of meeting the
2008-2012 commitment, emissions might peak
around 2005. Otherwise, the peak is likely to
occur at a higher level in 2008, requiring many
more drastic changes to meet the objective.

PROJECTIONS TO 2010

We must first determine how high emissions
would be in the 2008-2012 commitment period
if we do not exercise any controls in order to
understand the changes that will be required to
meet the target. Then we can analyze various
policy options to reduce emissions of CO,.

Many energy projections for 2010 and beyond
have been made, usually with an energy-
economics model. Table 2.2 shows three such
projections. The first is derived from the high-
efficiency, low-carbon projection of the
Interlaboratory Working Group (1997). The other
two were from the Interagency Analytical Team
(IAT, 1997). The Environmental Protection
Agency used a model built by DRI (a private
company). The Department of Energy used the
NEMS model, built by the Energy Information
Administration. All were completed before the
Kyoto conference and used 1990 emissions as a
target for 2010. All IAT emissions-control
scenarios assumed that reductions would be
obtained through issuance of tradable permits at
the earliest point of energy production (or
import), with the policy phased in from 2000 to
2010. The scenarios discussed here do not
include international trading or carbon
sequestration. The EPA/DRI scenario took some

credit for reductions in other greenhouse gases,
allowing a slightly higher carbon target. None of
these analyses calculated average emissions for
2008-2012 as called for in the Kyoto Protocol,
so projections for 2010 are used as a surrogate.
Table 2.2 also shows the base cases for each
analysis, where no controls on carbon emissions
are applied, and it shows the differences between
the two projections.

The Interlab analysis was based on an
engineering, bottoms-up approach. It reviewed a
wide range of technologies for the various uses
of energy and selected cost-effective candidates
for the given conditions. It contains much
greater technological detail than the other two
analyses, which were based on economic, top-
down approaches. Several changes were made to
the Interlab projection for this report. Most
importantly, individual fossil fuels were
disaggregated, and carbon emissions from
electricity separated from the end-use sectors.
Some of the values presented here may differ
slightly from those in Chapter 1 (Analysis
Results) of the Interlab report. These
modifications are described in Appendix 1 of this
report.

In addition, Table 2.3 summarizes all four of the
IAT analyses for comparison, including the
Second Generation Model (SGM) and the
Markal-Macro model.  The Interlab-derived
values for the controlled case are close to both
SGM and Markal-Macro results. The EPA/DRI
estimates for coal and carbon emissions are
higher because some credit was given for
reductions in other greenhouse gases, resulting in
a higher carbon target.

The Base Case results, also shown in Table 2.3,
show some spread in individual fuels, but overall
the projections are similar. The lower coal in the
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Table 2.2a Interlab Energy Use and Carbon Emissions by Fuel and Sector for 2010

2010

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

2010

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

2010

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

Coal
0.1
0.0
2.4
0.0
9.5

12.0
309

Coal
0.1
0.0
2.7
0.0

18.0

20.8
534

Coal
0.0
0.0
-0.3
0.0
-8.5
-8.8
-225

Gas
5.4
3.2
10.2
1.0
8.4
28.2
408

Gas
5.6
3.5
11.8
0.9
11.0
32.8
474

Gas
-0.2
-0.3
-1.6
0.1
-2.6
-4.6
-66

Interlab Controlled Case

Energy Use (Quads)
Oil Other Electric
1.1 0.6 10.8
0.7 0.0 9.7
9.7 3.5 11.3
26.0 0.9 0.0
0.3 13.6 [31.8]
37.8 18.6
629
Interlab Base Case
Energy Use (Quads)
Oil Other Electric
1.3 0.6 13.1
0.7 0.0 11.4
10.2 3.2 13.4
31.1 0.3 0.0
0.5 8.4 [37.9]
43.8 12.5
745
Interlab Differences
Energy Use (Quads)
Oil Other Electric
-0.2 0.0 -2.3
0.0 0.0 -1.7
-0.5 0.3 -2.1
-5.1 0.6 0.0
-0.2 5.2 [-6.1]
-6.0 6.1
-116

Total
18.0
13.6
37.1
27.9

96.6

Total
20.7
15.6
41.3
32.3

109.9

Total
-2.7
-2.0
-4.2
-4.4

-13.3

Carbon (MtC)
Primary with elec

103 229
59 173
300 432
512 512
372
1346 1346

Carbon (MtC)
Primary with elec

106 324
65 254
335 558
616 616
630
1752 1752

Carbon (MtC)
Primary with elec

-3 -95
-6 -81
-35 -126
-104 -104
-258
-406 -406

Note: See Appendix 2-1 for the methodology in preparing these values.

Source: Interlaboratory Working Group, Scenarios of U.S. Carbon Reductions, Tables C-
2.5.b; C-2.6.b; 4.1; 4.4; 4.5; 5.8; 5.10; and 6.4, and personal communication with Gale

Boyd, March 4, 1998.

The Heinz Center
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Table 2.2b EPA/DRI Energy Use and Carbon Emissions by Fuel and Sector for 2010

2010

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

2010

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

2010

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

Coal

1.3

15.9
17.2
426

Coal
0.0
0.1
2.2
0.0

22.0

24.3
602

Coal
0.0
-0.1
-0.9
0.0
-6.1
-7.1
-176

EPA/DRI 2010 Stabilization Case

Gas
4.7
3.2
7.7
0.9
6.4
22.9
322

Gas
5.6
3.6
10.0
1.2
7.1
27.5
393

Gas
-0.9
-0.4
-2.3
-0.3
-0.7
-4.6
-71

Energy Use (Quads)
o]] Other Electric
1 0 11.9
0.5 0 12.6
9.5 11.9
23.6 0.1 0
1 13.1 [36.4]
35.6 13.2
609
EPA/DRI 2010 Base Case
Energy Use (Quads)
oil Other Electric
1.2 0.0 13.4
0.6 0.0 13.8
10.1 0.0 15.4
28.1 0.1 0.0
1.1 12.4 [42.6]
41.1 12.5
698
EPA/DRI Differences
Energy Use (Quads)
oil Other Electric
-0.2 0.0 -1.5
-0.1 0.0 -1.2
-0.6 0.0 -3.5
-4.5 0.0 0.0
-0.1 0.7 [-6.2]
-5.5 0.7
-89

Total
17.6
16.3
30.4
24.6

88.9

Total
20.2
18.1
37.7
29.4

105.4

Total
-2.6
-1.8
-7.3
-4.8

-16.5

Carbon (MtC)
Primary with elec

87
S7
283
454
475

1356

242
222
438
455

1357

Carbon (MtC)
Primary with elec

104
66
350
529
643

1692

307
274
583
529

1693

Carbon (MtC)
Primary with elec

-18
-9
-67
-75
-168

-337

-65

-52
-145

-74

-336

Source: Personal communication with J. Greenwald, White House Climate Change Task

Force. From an unpublished memo"Summary Comparison DOE and EPA Carbon

Stabilization Runs." Prepared by the Energy Information Administration for the White
House Climate Change Task Force.
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Table 2.2c DOE/NEMS Energy Use and Carbon Emissions by Fuel and Sector for 2010

2010

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

2010

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

2010

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

Coal
0.0
0.1
1.8
0.0
7.8
9.7
239

Coal
0.0
0.1
2.6
0.0

19.9

22.6
561

Coal
0.0
0.0
-0.8
0.0

-12.1

-12.9

-331

DOE/NEMS 2010 Controlled Case

Gas
5.0
3.3
10.4
1.2
11.1
31.0
441

Gas
5.6
3.5
11.5
1.2
6.8
28.6
407

Gas
-0.6
-0.2
-1.1
0.0
4.3
2.4
31

Energy Use (Quads)
Oil Other  Electric
1.1 0.5 11.8
0.6 0.0 9.6
9.5 0.0 11.5
27.2 0.2 0.0
0.2 13.7 [32.9]
38.6 14.4
672

DOE/NEMS 2010 Base Case

Energy Use (Quads)
Oil Other  Electric
1.3 0.5 13.5
0.6 0.0 11.8
10.2 0.0 13.0
29.6 0.2 0.0
0.6 11.0 [38.3]
42.3 11.7
763

DOE/NEMS Differences

Energy Use (Quads)
Oil Other  Electric
-0.2 0.0 -1.7
0.0 0.0 -2.2
-0.7 0.0 -1.5
-2.4 0.0 0.0
-0.4 2.7 [-5.4]
-3.7 2.7
-79

Total
18.4
13.6
33.2
28.6

93.8

Total
20.9
16.0
37.3
31.0

105.2

Total
-2.5
-2.4
-4.1
-2.4

-11.4

Carbon (MtC)
Primary with elec

95 225
61 167
289 417
542 543
364
1352 1352

Carbon (MtC)
Primary with elec

105 325
75 266
336 546
593 594
621
1730 1731

Carbon (MtC)
Primary with elec

-11 -100
-14 -99
-47 -129
-51 -51
-257
-379 -379

Source: Personal communication with J. Greenwald, White House Climate Change Task
Force. From an unpublished memo"Summary Comparison DOE and EPA Carbon
Stabilization Runs.” Prepared by the Energy Information Administration for the White
House Climate Change Task Force.

The Heinz Center
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Table 2.3 Comparison of IAT Results with the Interlab Report for 2010

Controlled Cases

Energy Use (Quads) Carbon

Coal Gas Oil Other  Electric Total Total MtC
Interlab 12.0 28.2 37.8 18.6 31.8 97.9 1346
EPA/DRI 17.2 22.9 35.6 13.2 36.4 88.2 1380
SGM 11.3 33.1 33.1 13.9 NA 91.4 1332
Markal-M 94 30.7 37.9 14.6 NA 92.6 1335
DOE/NEMS 9.7 31.0 38.6 14.4 32.9 93.8 1351
Base Cases
Energy Use (Quads) Carbon
Coal Gas Oil Other Electric Total Total MtC

Interlab 20.8 32.8 43.8 125 37.9 108.7 1752
EPA/DRI 24.3 27.4 41.1 12.5 42.6 105.3 1693
SGM 23.9 33.2 36.5 13.4 NA 107.0 1729
Markal-M 22.5 29.0 43.4 12.9 NA 107.8 1741
DOE/NEMS 22.6 28.6 42.3 11.7 38.3 105.2 1730
EIA-AEO 24.0 29.6 44.3 14.2 40.2 112.2 1803
NA: Not Available
Source: Table 2.2 and Interagency Analytical Team, Economic Effects of Global
Climate Change Policies, Draft Report, May 30, 1997, pg. 15.

Interlab report may be related to its more detailed
look at how competition is changing the electric
industry. This table also includes the reference
case from EIA’s latest projection in the Annual
Energy Outlook, 1998 (EIA, 1997a). It is
interesting to note the general increase in energy
projections in the base cases from the IAT runs
(105 to 107 quads), completed in May 1997,
through Interlab, completed in the summer of
1997 (109 quads); to EIA (112 quads), which
was released at the end of 1997.

It is difficult to compare projections from
different models, because models may use
different approaches, techniques, and databases.
Even the 1990 starting points differ among some
of these analyses. Nevertheless, these results

reflect key differences in assumptions regarding
how the energy system will react to changes. It
is instructive to view the differences between the
controlled and uncontrolled scenarios for each of
the three models as shown in Tables 2.2 and 2.4.
Comparing differences between base and
controlled scenarios eliminates much of the
idiosyncratic effect of different models and
modelers.

Interlab shows all fossil fuels declining from the
uncontrolled scenario. The largest share of the
emission reductions (60 percent) comes from the
electric sector because of demand reduction by
customers and fuel switching by generating
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Table 2.4 Percent Differences Between Uncontrolled and Controlled Scenarios, Energy and

Carbon Emissions in 2010

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

Residential
Commercial
Industry
Transport
Electric
Energy
Carbon

Note: Changes of 0.3 quads or less are not listed. Changes are compared to the base case for
each scenario.

Coal

11
-43

42
42

Coal

-28
-29
-29

Coal

-31

-61
-57
-59

Gas

-9
-14

-24
-14
-14

Gas
-16
-11
-23

-10
-17
-18

Gas
-11

-10
63

8
8

Carbon (percent)

Interlab
Energy Use (percent)
Oil Other  Electric
-18
-15
-5 9 -16
-16 200
62 [-16]
-14 49
-15
EPA/DRI
Energy Use (percent)
Oil Other  Electric
-11
-9
-6 -23
-16
6 [-15]
-13 6
-13
DOE/NEMS
Energy Use (percent)
Oil Other  Electric
-13
-19
-7 -12
-8
-67 25 [-14]
-9 23
-10

Source: The Heinz Center, data from Table 2.2.

Total Primary with elec
-13 -3 -29
-13 -9 -32

-4 -10 -23
-14 -17 -17
-41

-10
-23 -23

Total
-13
-10
-19
-16

-16

Total
-12
-15
-11

-8

-11

Carbon (percent)
Primary with elec

-17
-14
-19
-14
-26

-20

Carbon (percent)
Primary with elec

-10
-19
-14
-9
-42

-22

-21
-19
-25
-14

-20

-31

-37

-24
-9

-22

The Heinz Center
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companies. Fuel switching includes a substantial
increase in the amount of renewables, especially
biomass. In addition, the scenario assumes that
nuclear power will decline more slowly than in
the base case because life extension will be more
cost-effective. Interlab also predicts some fuel
switching from coal to gas for electrical
generation, but the use of gas in this sector
actually declines from the uncontrolled case
because demand reduction is greater. The
building and industry sectors are expected to
reduce their use of electricity considerably more
than their use of fossil fuel.  Substantial
efficiency improvements are expected in the
transportation sector, as is increasing use of
nonfossil fuel.

EPA/DRI didn’t have to find as many reductions
(because it assumed credit for reductions in other
GHGs), so coal use for electrical generation is
reduced by 28 percent instead of 43 percent as in
the Interlab study. Far less activity occurs in
renewables. Transportation improves almost as
much as in the Interlab report. Total energy use
drops about as much in the residential and
commercial sectors as in Interlab, but EPA/DRI
shows a greater share in direct fossil fuel use and
less for electricity. Industry reduces its use of
both fossil fuel and electricity substantially.

DOE/NEMS achieves most of its reductions
from coal in the electricity sector. Gas actually
increases significantly because of fuel switching.
Transportation improves only half as much as in
the other scenarios. Energy efficiency measures
for both fossil fuel and electricity are less than in
the other scenarios.

Table 2.4 focuses on the major changes predicted
by these analyses. All predict large drops in coal
use for electric generation, but they differ
regarding the size of the drop. All predict about
the same drop in electricity demand, but they
vary considerably regarding their predictions for
gas. All expect industry to decrease its use of all
three fossil fuels, especially coal. Oil use in the
transportation sector is down in all three, but
DOE/NEMS shows a significantly smaller drop.

In short, these three analyses predict some widely
differing results. Reductions in coal for
electricity and petroleum for transportation vary
by a factor of two, and industrial energy use and
nonfossil energy changes by even more. Several
factors could account for these differences.
EPA/DRI apparently has higher price elasticities
than those used in the DOE/NEMS analysis; that
is, consumers are faster to look for alternatives as
prices of energy rise. Therefore, EPA/DRI
predicts that prices need not rise as much to get
the desired reduction. DOE/NEMS and, to a
lesser extent, Interlab, assume that large users
(i.e., electricity generators and heavy industry)
are much more sensitive to energy prices than
individuals. If this assumption is correct, prices
will have to rise higher than if responses to price
signals were uniform. These factors are
discussed in Box 2-4.

If the EPA/DRI perspective is correct, overall
costs for the country as a whole will be lower
because the reductions are balanced across the
economy better than in the other analyses.
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Box 2-4
Consumer Response to Price and Regulation

In the final analysis, reducing carbon emissions is a people issue. For all four sectors, it is people who have to
decide to purchase more efficient equipment, switch to natural gas or renewable energy, join a carpool, etc.
Two major policy approaches can motivate people to take the necessary actions. One way is to attach a price to
the carbon contained in fossil fuels. The second is to impose regulations. Other policies such as information
programs and incentives can also play an important role in reducing emissions. Voluntary programs are not
included in this report because they are unlikely to achieve the target alone and would not be a central part of
the mandatory controls and trading programs that are the focus here.

The cost of burning fossil fuel can be raised by either: (1) taxing the carbon they contain or (2) limiting the
amount of carbon that can either enter the energy system or be emitted, thereby causing prices to rise to where
demand meets the lowered supply. Either way, energy consumers (ranging from large firms to individuals) see
higher energy prices and are free to respond as they choose—buy more efficient technology, buy technology
that uses lower carbon fuels, change their consumption patterns, or do nothing.

Regulations, such as equipment efficiency standards, narrow or otherwise influence consumer choices. The
corporate average fuel economy (CAFE) standard requires automobile manufacturers to produce a fleet each
year with an average mileage that meets a certain standard. Manufacturers with a sizeable share of large, poor-
mileage cars may have to promote their smaller cars heavily and raise the price of the large cars to meet this
average. Building standards require builders of new housing to improve insulation and reduce infiltration over
what they might have found adequate to sell their houses. Similarly, equipment standards for appliances such
as furnaces and air conditioners tend to eliminate the least efficient models that appeal to those more concerned
with first cost than operating cost. One objection to such regulations is that they may unduly affect consumer
choice. Sometimes a low-cost, inefficient choice is most economical, for example, when purchasing a water
heater for a vacation home, where it is used only a few months of the year. In addition, standards can
discourage innovation if the product already meets the standard. Making efficiency standards tradable can
overcome this problem.

Each sector presents a different situation. Generators of electricity are very sensitive to the price of energy
because it is a large fraction (about half) of the cost of their product. Manufacturers of energy-intensive
products such as aluminum, chemicals, and steel are also very aware of energy costs, which may be 10 to 30
percent of overall costs.

(continued)

Relying on the electric industry to make the most
of the reductions, as DOE/NEMS predicts,
would cause major changes in that sector. Not
only will the electric industry’s production
decline back to the level of about 1995 because
of efficiency enhancements in the buildings and
industry sectors, but power companies will need

to improve their own efficiency while converting
or replacing many coal-fired plants with gas.
Thus, while declining and shutting down many
otherwise useable (and perhaps only partially
amortized)

The Heinz Center
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Box 2-4 (continued)

Elsewhere the response to price is much less clear. Manufacturers whose energy costs are only a small
percentage of overall costs still have an interest in reducing costs, but it will be much less important.
Commercial enterprises are likely to be more interested in the appearance presented by their lights than the cost
of operating them. Individual consumers tend to select the most car or house they can afford without much
consideration of operating costs. Higher initial costs can be very unattractive even if they provide an excellent
investment in the form of lower operating costs.

Nevertheless, energy price clearly does affect individual consumers. Following the energy crisis and period of
high prices in the 1970’s, many people insulated their homes, upgraded their furnaces, and bought more fuel-
efficient cars. Such actions were a significant factor in reducing energy demand. The nation still enjoys the
benefits of some of these actions in the form of lower energy costs.

It is clear that many cost-effective energy-efficiency measures are not being implemented. Reasons for this
include lack of information, uncertainty over future conditions, or aversion to complicated, unfamiliar
technology. Some researchers have found that individual consumers, and even industrial decisionmakers,
require returns on investment to exceed 30 percent before they become interested in energy efficiency. Many
utility demand-side management (DSM) programs have worked well in helping their customers install efficient
furnaces, air conditioners, and refrigerators. That is at least in part because utilities could take an integrated
approach, supplying information, and often financing and subsidizing the costs. However, it is not clear that
utilities will continue these programs under the current trend toward competition, as discussed in Appendix 3 of
this report.

This issue of how much consumers will respond to increases in energy prices has remained contentious despite
at least twenty five years of research. If policymakers believe that most consumers will be reluctant to buy
more efficient equipment even though they may ultimately save money through lower energy costs, then they
may want to consider adopting efficiency standards. If policymakers believe that it is too difficult to predict
what is likely to be cost-effective in the future—or that consumers have good reasons for their reluctance to buy
more efficient equipment—then price mechanisms may be the favored approach. Hybrid programs are also
possible. The emission control programs discussed in the following chapter incorporate various types of
standards as well as price mechanisms.

plants, the industry will have to invest heavily in
new, lower-emitting plants. All this would be
happening while the industry is already changing

mining regions, railroads, and equipment
manufacturers also would suffer large losses.

rapidly because of ongoing restructuring from
increased competition. Management, financial
viability, and regulation of the industry will
represent major issues.

The coal industry will be hit even harder,
especially if the DOE/NEMS scenario proves
accurate. Many coal mines will close. Tens of
thousands of miners could lose their jobs. Coal

Another difference among the scenarios lies in
technological optimism. Interlab  expects
significant advances in improved vehicle
efficiency and in the use of biomass for electric
generation. The other analyses are much less
optimistic, but neither looked at emerging
technology as thoroughly as did Interlab. If the
Interlab results are desired, policymakers are
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Table 2.5 Interlab Differences Between 1996 and 2010 Controlled

Energy Use (Quads)

Coal Gas Oil Other
Buildings 0.0 -0.1 -04 0.0
Industry 0.0 -0.1 0.6 0.8
Transport 0.0 0.3 2.3 0.8
Electric -8.9 5.6 -0.4 2.5
Total -9.0 5.6 2.1 4.1
Carbon -203 90 3

Source: The Heinz Center

Carbon (MtC)

Electric ~ Total Primary with elec
-1.7 -2.3 -9 -115
0.5 3.0 -7 -45
0.0 3.5 44 43

[-1.2] -145
4.1
-117 -117

also likely to have to support aggressive R&D
and commercialization activities in addition to
controls on carbon. This optimism at least partly
explains why the Interlab cost of carbon permits
is considerably lower than the other studies.
Interlab calculated that stabilization of emissions
could be attained cost-effectively at $50/MtC.
EPA/DRI  estimated about $100, and
DOE/NEMS about $150/MtC?,

Table 2.5 compares the Interlab controlled
scenario with the 1996 data is useful in order to
see what sort of trajectory the nation must follow
to achieve the target by 2010. The buildings
sector’s use of fossil fuel will decline by about 5
percent below the current level despite growth in
the number of buildings and area per person.
Consumption of electricity in buildings will
decline, by about 9 percent below today’s levels.
Industry’s use of fossil fuel will be below today’s
level, and electricity slightly above. Industry’s

® These figures are not completely comparable. Interlab
assumed a set of energy policies while EPA/DRI and
DOE/NEMS limited their policy changes to taxes forcing
prices up.

biggest change is in the increased use of
renewable fuels. Transportation is the only
sector that will show growth in both energy
consumption (mostly petroleum) and carbon
emissions. In terms of fuels, gas consumption
will rise in the controlled case by 23 percent. Oil
use will rise 4 percent from today, but coal will
decline rapidly, with a loss of about 43 percent of
its current business. Reduced coal use will
account for all the required reductions in CO,
emissions (from 1996) plus enough more to
counter increased use of oil and gas.

As noted above, a higher target could result if we
can purchase many credits from abroad, or if
sequestration proves more available than
assumed here. Although the purpose of this
report is to analyze control and trading systems
that can handle the most difficult potential
situation, it is still worthwhile asking what would
be different if the target were higher. Figure 2.2
shows how emissions from each sector change
for two different targets in a recent analysis by
the Energy Information Administration (EIA,
1997b).

The Heinz Center
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Total

Electricity

Transportation

Industrial

Commercial

Residential

W 240 MtC above
31990 emissions

0% 10% 20%

30%

40% 50%

Figure

2.2 Percentage of Emissions Reductions for Different Levels of Reductions by Sector

The top bar of each pair shows the percentage
reduction in emissions from each sector’s base
case (total emissions of 1716 MtC) when 2010
domestic emissions are held to 240 MtC above
1990. This level would comply with the Kyoto
Protocol if about 280 MtC are purchased through
international trading instead of the 50 MtC
assumed above. Only about 130 MtC of
reductions would have to be found in the United
States. The lower bar shows the percentage of
emissions reductions from each sector when
domestic emissions return to 1990 levels. About
370 MtC of domestic reductions and 50 MtC of
credits purchased through international trading
are required in this scenario. The base case and
high domestic reduction case are similar to the
DOE/NEMS projections discussed above.

Of particular interest are the transportation and
electricity sectors. The transportation sector
reduces carbon emissions more than any sector
except electricity when domestic reductions are
low. However, we see little further drop in

emissions from this sector when greater domestic
reductions are necessary.  Apparently, this
analysis found many easy opportunities to
conserve energy at low cost in the transportation
sector, but relatively few opportunities that could
be implemented at higher cost. The electricity
sector shows quite different results. At the lower
reduction, electricity saves about 13 percent of
emissions, but 45 percent when emissions must
return to 1990 levels. This fact may reflect a
conclusion that electricity is the only sector that
can accommodate truly large reductions. Interlab
and EPA/DRI might show other intermediate
changes.

Steps to reduce emissions of CO; fall into three
categories: improved efficiency, switching to
noncarbon fuels (including biomass,) and
switching to low-carbon fuels, in particular
natural gas. Table 2.6 shows the reductions (as
shown in the Differences parts of Table 2.2)
distributed among these three categories for each
of the three scenarios. The methodology for
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assigning values that had to be calculated is
described in Appendix 2. The results are
extremely varied.

In all scenarios, efficiency is very important,
ranging from 39 to 79 percent of the carbon
reduction. Many efficiency improvements are
available in all sectors. Some are economical
now but haven’t been implemented for a variety
of reasons. Others would be more attractive if
the types of policies to reduce emissions of
GHGs discussed in this report are implemented.
The Interlab study predicts that the entire
economy can operate at essentially the same
level in the controlled scenario as in the
uncontrolled scenario, using 10.8 fewer quads (or
10 percent less energy) and reducing emissions
by 218 MtC.

Noncarbon sources in the three scenarios range
from a virtually negligible 5 percent to 36
percent. The Interlab study expects an additional
6.2 quads of noncarbon fuels relative to the
uncontrolled scenario, saving about 148 MtC.
Other analysts expect very little by 2010.
Renewable fuels (including biomass, which
technically contains carbon, but can be employed
on a sustainable basis) can be encouraged in all
sectors, but electricity probably has the most
potential, followed by transportation. Nuclear
power is another noncarbon option, but the only
contribution available by 2010 will come from
extending the life of plants that would otherwise
have been retired earlier.

Conversion or replacement of coal-fired
powerplants with natural gas will also be
important. The power produced by a quad of
coal, which emits 25.7 MtC, could be produced
by about three-quarters of a quad of gas, which
emits only 10.8 MtC, saving 14.9 MtC. Such

conversions will save about 40 MtC under the
Interlab  scenario, but 162 MtC under
DOE/NEMS. Conversion to natural gas presents
fewer technical obstacles than switching to
renewable fuels.

Table 2.6 also arranges the data by type and
source of reductions. Of Interlab’s total 406
MtC, 236 (58%) will come from large sources—
electric generators and industry. About 16
percent of the total comes from industry, almost
evenly split between improving the efficiency of
electricity use and measures to improve the use
of fossil fuel or switching to lower carbon fuels.
However, note that heavy industry already has
greatly improved its energy efficiency, so more
cost-effective opportunities are found in light
manufacturing.  Light manufacturing facilities
are, at most, medium, not large, sources of
carbon. Small and medium sources will be more
difficult to regulate than the relatively few large
sources.

The remaining 42 percent of emission reductions
comes from small sources—cars, trucks, and
residential and commercial buildings.  Most
reductions will be the result of end-use efficiency
improvements, both in direct use of fossil fuels
(e.g., more efficient cars) and use of electricity
(e.g., improved lighting.)  EPA/DRI predicts
nearly the same split between large sources, with
56 percent of all reductions, and small, with 44
percent. DOE/NEMS is significantly higher at
75 percent.

The design of an emissions control program must
reflect the fact that cost-effective opportunities
for emissions reductions exist for both large and
small sources, and in all sectors.
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Table 2.6 Types and Sources of Emissions Reductions-- Differences Between 2010 Uncontrolled and
Controlled Carbon Emissions

Interlab

Small sources

Large sources

Total
Percent

EPA/DRI

Small sources

Large sources

Total
Percent

DOE/NEMS

Small sources

Large sources

Total
Percent

Residential
Commercial
Transport

Industry
Electric

Residential
Commercial
Transport

Industry
Electric

Residential
Commercial
Transport

Industry
Electric

low-C

low-C

low-C

-162
-162
43%

Carbon (MtC)

Primary Electric
efficiency
non-C efficiency
-3 -30
-6 -27
-12 -92
-6 -29 -31
-130
-148 -130 -88
36%
Primary Electric
efficiency
non-C efficiency
-17 -25
-9 -21
-75 0
-67 -53
-18
-18 -168 -99
5%
Primary Electric
efficiency
non-C efficiency
-11 -5
-14 -15
-51 0
-47 -6
-69
-69 -123 -26
18%

Note: See Appendix 2 for explanation of this table.
Source: The Heinz Center

Total Grand
efficiency total
-33 -33
-33 -33
-92 -104
-60 -66
-170
-218 -406
54%
Total Grand
efficiency total
-42 -42
-30 -30
-75 -75
-120 -120
-69
-267 -336
79%
Total Grand
efficiency total
-16 -16
-29 -29
-51 -51
-53 -53
-231
-149 -379
39%

Percent

8%
8%
26%
16%
42%
100%
Percent
13%
9%
22%
36%
21%
100%
Percent
4%
8%
13%

14%
61%

100%
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Our prior experience with emissions-trading
programs in the United States has been only with
large sources, primarily electric utilities. In
Chapter 3, we present four alternative designs for
a carbon emissions control system.  These
designs recognize that the control approaches
that work best for large sources owned by firms
may not necessarily be those that work best for
small sources chosen and used by individual
consumers.  Thus, some of the alternative
designs in Chapter 3 are hybrids that include
aspects of emissions trading and regulatory
approaches.

SECTOR DECISIONMAKING

The scenarios discussed above suggest how the
nation’s energy system must change to meet the
Kyoto Protocol. Addressing the ways in which
this goal is made to happen is, of course, a
different issue. As noted in the introduction to
this chapter, we can classify the types of policies
that can be implemented under the categories of
fuel supply restrictions, emissions limitations,
and regulations. The four policy packages in
Chapter 3 are based on these three approaches.
Energy taxes are not part of these policies, but
price signals follow restrictions on the entry of
fossil fuels into the energy system, thereby
affecting all energy users. Emissions limitations
would be applied to large users of fossil fuels—
electric generators in particular— but perhaps
also to heavy industry. Regulation refers to
efficiency standards for equipment that uses
energy. This section focuses on the
decisionmakers in the energy system and how
they might react to policies designed to reduce
carbon emissions. More details regarding the
changes that must be made in each sector are in
Appendix 3.

The most important decisionmakers are listed in
Table 2.7. These are the people who must
implement (or make it possible for energy users
to implement) measures to perform various
functions related to reducing emissions of
carbon. Table 2.6 shows three ways to do this:
improve efficiency (Primary fuel efficiency plus
Electric efficiency); convert to a low-carbon fuel,
or; convert to a noncarbon technology.

Efficiency is the most important of these three
approaches. Estimates of the share of total
reductions resulting from improved efficency in
the three scenarios were 54, 79, and 39 percent
(average 57). Conversions to low-carbon fuels
are estimated at 10, 15, and 43 percent (average
23). Conversions to noncarbon fuels are
projected at 36, 5, and 18 percent (average 20).

Buildings sector reductions will come almost
entirely from efficiency improvements. Building
owners will be the key decisionmakers regarding
investments to improve efficiency, but many
others will be involved. (See Table 2.7.) Because
these players have their own interests in mind,
installation of the most cost-effective option does
not always occur. Higher purchase costs may
deter homeowners who don’t understand that
they may recoup their investment in a few years
with lower operating costs. Some homeowners
may expect to move soon and worry that an
expensive, high-efficiency furnace or air
conditioner may not add much to the resale
value. The contractor may not want to carry a
high-priced option that doesn’t sell very well.
Developers typically install low-end equipment
that the buyer does not often notice (e.g.,
furnaces): hidden quality doesn’t sell well.
Landlords have little interest in installing high
efficiency equipment if the tenant is the
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Table 2.7 Energy Decision Makers

Buildings
home buyers and homeowners replacing existing equipment
manufacturers, contractors, and stores selling equipment
developers building new homes
residential and commercial tenants
residential and commercial landlords
banks and other mortgage lenders
state and local officials such as building code committees and zoning boards

Transportation
automobile and truck purchasers and users
dealers
manufacturers
banks and other lenders
insurance companies
public transportation officials
taxpayers

Industry
heavy manufacturing company executives
light manufacturing executives
non-manufacturing industrial executives
facility managers
financial investors
stock holders
manufacturers of energy using equipment

Energy Companies
electric utilities (or their successor divisions)
independent power producers
oil companies
gas companies (including pipelines and distributors)
coal companies
shipping companies
equipment manufacturers
renewable energy entrepreneurs

Source: The Heinz Center
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one responsible for paying the utility bills.
Conversely, tenants may be careless with heat
and hot water if the landlord pays the bills.
Relatively few banks apply sophisticated analysis
in their lending review to credit the borrower
with the lower operating costs of a higher priced
house.

If price is to be the motivating factor for
emissions reductions, a large increase may be
required. The EPA/DRI scenario predicts that
energy savings will average about 4 million
BTUs of fossil fuel and 600 KWh for every
person in their homes. Meeting this target for a
family of three might require improving the
insulation and tightness of the house, replacing
the refrigerator and water heater with highly
efficient models, and possibly taking several
other measures. These investments might cost
$1,000 to $2,000 beyond what ordinary
equipment would cost, and would save about
$150 to $200 per year in energy costs®. It is
questionable whether the average family will be
willing to spend that much based just on
calculated cost-effectiveness even though the
return is better than interest rates paid by banks
on savings accounts. Supplementary information
and incentive programs could be helpful in
overcoming market barriers, thereby lowering the
necessary price increase.

Regulations, such as efficiency standards, are
likely to be effective where they can be applied
in this sector. If the only refrigerators available
are highly efficient models, people will buy them
despite the higher first cost. Demand for energy
is then moderated, and prices need not rise as
much. However, standards are not appropriate
for all equipment. Table A.1 in Appendix 3 lists
“Other uses” totaling 6 quads in the base case.
These are the uses that, because they are too

* Approximate estimate based on methodology and data in
the Interlab Appendix C-1, and assuming an average 15
year lifetime of the investment. Investments are assumed
to save 12 million BTUs and 1800 KWh.

small to list, are probably too small to regulate.
In addition, standards are ineffective for
improving existing building shells, so only the
part of the potential improvement in heating and
cooling energy represented by equipment would
be affected. Of the 20.44 quads for the base case
in Table A.1 of Appendix 3, perhaps 8 quads are
reasonably subject to regulatory improvements®.

In the commercial part of the buildings sector
(Table A.2 of Appendix 3) the scope for
regulation also would be about 8 quads (out of
15.63). However, many commercial
establishments, which are operated on a profit-
loss basis, have already implemented some cost-
effective improvements, so the potential for
improvements may be less than for residences.
For example, many hotels have replaced hallway
lights with compact fluorescent lamps because
their efficiency is well worth the additional cost
when they are operated continuously. Thus,
commercial buildings may be closer to light
industry than residences in terms of response to
price signals.

The transportation sector bears similarities and
differences to buildings. Carbon reductions will
come almost entirely from efficiency
improvements, but there is some potential for
noncarbon fuel (alcohol additives, as discussed
in the Interlab report.) Achieving the 104 MtC
of reductions in emissions estimated by the
Interlab study will call for active participation by
many players listed in Table 2.7. Some of the
control and trading programs discussed in the
next chapter include direct requirements for
manufacturers to improve fuel efficiency. Others
would work indirectly through fuel prices.

> These rough estimates were made by summing the named
equipment uses and adding 25% of the heating and
cooling. The latter is assumed to be the fraction of the
energy used in heating and cooling that could be eliminated
if all equipment were replaced by perfectly efficient
versions.
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Individuals buy most of the vehicles, and many
consumers are not very interested in fuel
economy. If the price of gasoline goes up
modestly, these consumers are likely to continue
buying the same types of vehicles and
maintaining the same driving habits. The typical
car might use about 600 gallons per year. For
many people, a price increase of even
$0.50/gallon, which would average $25/month,
would not have a great impact in their budget
(though they may complain vociferously about
it.) Others, of course, would be very aware of
increasing costs and would look for better
efficiency on their next purchase, as many people
did after the energy crises of the 1970’s and
1980’s. Overall, price signals are likely to have
only modest impact on personal vehicles unless
they are quite high.

Regulation could cover most of the energy used
in the transportation sector, given enough time.
The number of manufacturers  selling
automobiles and trucks in the United States is
quite low, and virtually all products are
registered and traceable. The corporate average
fleet economy (CAFE) standards imposed in the
1970’s are still in place and increasing them
would be straightforward (procedurally, if not
politically.) Other forms of regulation might also
be feasible, such as basing standards on
corporate past performance. What fuel economy
standards do not do, however, is influence
driving habits or encourage public transportation.
In fact, the lower cost of driving due to higher
fuel economy encourages more driving.
Designing the actual standard must take this
factor into account.

Technological and economic feasibility by
themselves are not enough to raise automobile
economy by more than 50 percent (as called for
by the Interlab study.) Manufacturers have to
produce these very efficient automobiles, and
consumers have to select them from among all
their other options.  Manufacturers have to

foresee demand for these cars several years
before they can introduce them to the
marketplace. Furthermore, fuel consumption in
2010 will be significantly affected only if new
vehicle economy is improved several years
earlier in order to replace a substantial fraction of
the operating fleet. That means that significant
steps must be taken by industry within the next
few years.

There is strong consumer resistance to gasoline
taxes and strong industry resistance against
higher CAFE standards to increase economy.
Without substantially increased interest in fuel
economy on the part of consumers (which is
possible with further evidence of global climate
change), the transportation sector may be one of
the most difficult in which to attain the target for
emissions reductions.

The 0.6 quads of noncarbon fuel expected by the
Interlab study would be even more complex to
instigate than efficiency improvements. Oil
companies and their dealer networks would need
to be involved, along with alcohol manufacturers
and biomass producers. Car manufacturers
might have to be the main force behind this
initiative.  If manufacturers viewed increased
alcohol use as a less expensive alternative to
increased efficiency, they might coordinate the
necessary activities.  Thus, their motivation
would be the same as for efficiency
improvements.

The industrial sector gets almost all its carbon
reduction from efficiency improvements,
although Interlab sees an additional 0.3 quads of
noncarbon fuel. Most companies are quite
capable of deciding for themselves how to invest
in order to lower costs and increase production.
In general, industry responds effectively to price
signals. Energy is a large cost item for many
manufacturing companies, and a price signal
gives proportional incentive to implement
efficiency measures.
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However, the Interlab report expects most
improvements to come from light manufacturing
because these companies have not been so
diligent in searching for opportunities to reduce
their already modest energy costs (see Table A.3
in Appendix 3). Because energy represents only
a small percentage of total costs for such
companies, the price signal is small and energy
prices may have to rise considerably before
investments to conserve would interest
production and financial managers. Regulation
in the form of efficiency standards for the
common technologies, such as electric motors,
may be effective for such companies. Direct
regulation of emissions would be difficult to
apply to small companies and nonmanufacturing
companies because they exist in great numbers,
and they are quite diverse.

A cap on emissions—especially if the permits
were tradable—could be effective with heavy
manufacturing companies. Many large facilities
are already regulated for air pollutant emissions,
and we could extend this principle relatively
easily to emissions of carbon. Enforcement
would call for monitoring fuel purchases, which
should be easier than measuring stack emissions
of SO,.

The electricity sector may well be the most
sensitive to policy changes because energy
represents such a high fraction of overall costs.
Furthermore, the advent of new technologies,
especially the gas turbine, and the introduction of
industry competition (discussed in Appendix 3)
may, up to a point, accelerate the transition to a
lower carbon future. Unlike the other sectors
discussed previously, all three scenarios to
reduce carbon emissions use all three
approaches: efficiency (customer improvement);
low-carbon fuels; and noncarbon fuels. Almost
all reductions produced by actions of the electric
industry itself will be the result of converting to
low- or noncarbon fuels. Policy initiatives to

instigate one will also be effective for the other
(e.g., carbon emission restrictions.)

Either economy-wide restrictions on fossil fuel
or restrictions on carbon emissions from the
electric generating facilities would produce rapid
responses in this sector. Electric generating
companies would shut down coal-fired stations

and install gas-fired turbines or other
technologies. However, the changes would not
be simple, nor would they be cost-free. They

would also be difficult to complete in only a few
years. In addition, new applications such as
electric vehicles or other mechanisms that
actually reduce the amount of energy used and
carbon emitted must be accounted for in the load
forecasts. Planning the transition to a lower-
carbon future will have to start soon for
minimum disruption.

All the alternative noncarbon and low-carbon
technologies discussed in the previous section
would be favorably affected by increases in the
cost of high-carbon fuels. Production of biomass
and wind technologies could expand rapidly if
the economics were right.  Although price
signals might effectively promote renewable
development, capping carbon emissions from
electric generators could have the same effect.
Electric utilities themselves could develop
renewables or purchase the power from
independent power producers as a way of
avoiding high-priced carbon fuels.

These two types of policies, fuel restrictions and
emissions limitations, should work no matter
how far competition in the electric industry
progresses. Under the current, integrated system,
utilities are required to meet demand. If they
cannot do that at reasonable cost by burning the
fossil fuel available under the control system,
they will have to convert to lower carbon
generation or buy power from someone who can
produce within limits.  Under competition,
generating companies may not have the same
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obligation to meet demand, but some companies
will find ways to lower costs and undercut the
competition. As users bid up the price of carbon
permits, building generating plants with lower
emissions will be a major way to lower costs.

SUMMARY RANGE OF REDUCTIONS, BY
SECTOR

Although the United States can reduce its
emissions to 1990 levels, precisely how that
might occur is still unclear. Modeling analyses
contain many simplifying assumptions of how
the economy functions, and many unpredictable
events will occur before 2010. Modeling
analyses thus are better guides to the changes
effected by policy than predictors of the actual
future. In addition, policies are likely to be more
complicated than the relatively simple tax on
carbon modeled in most analyses.

Nevertheless, the three scenarios presented here
contain useful information on how to attain that
common goal. Each has different sectoral
emphasis for attaining the total reduction.
Although these differences stem from different
modeling approaches, they may also reflect a
more fundamental reality: that is, when policy is
implemented, it is likely to be messy, affecting
some sectors more than others.

To some degree, we can look at each sector
independently. Each will make some
contribution to the goal, but even the best model
is unlikely to accurately predict exactly how
much. This uncertainty is depicted in Table 2.8.
The first section shows the average reductions
for each sector calculated by the three scenarios
as shown in Table 2.6. The next two sections
show the maximum and minimum values in
Table 2.6. Thus, Table 2.8 presents a range for
each sector, instead of specific values. The total
carbon emissions for the maximum and
minimum entries bracket each sector’s target.

This table effectively shows how sectors can be
played off against another in this “zero-sum
game.” If policymakers want to meet the overall
target but desire to minimize restrictions on the
transportation sector, for example, then they
must force other sectors, such as electricity, to
bear more of the burden. Meeting the target
would be difficult if any sector reduces much
less than their minimum share listed in Table 2.8.
By the same token, overall costs are likely to
increase if any sector is forced to reduce more
than the maximum. The only ways to break out
of this zero-sum game are if additional
reductions can be obtained overseas or by
sequestering carbon in trees.

The policies in the next chapter can be viewed as
intended to meet the national goal while ensuring
that each sector falls within the range shown in
Table 2.8.  Selecting the elements of an
implementable policy package will require
skillful balancing of many interests and
viewpoints.
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Table 2.8 Sectoral Bounds of Carbon Emission Reductions
Carbon Reduction (MtC)

non-C efficiency total
30 30
31 31
4 73 77
2 78 80
72 157

Carbon Reduction (MtC)

non-C efficiency total
42 42
33 33
12 92 104
6 120 120
130 231

Carbon Reduction (MtC)

37

Average
low-C
Small sources Residential
Commercial
Transport
Large sources Industry
Electric 84
Maximum
low-C
Small sources Residential
Commercial
Transport
Large sources Industry
Electric 162
Minimum
low-C
Small sources Residential
Commercial
Transport
Large sources Industry
Electric 40

Notes: Values in the total column are not necessarily equal to the sum of the other
columns. Values in the low-C, non-C, and efficiency columns may be from different
scenarios, and cannot be summed to get total column.

Source: The Heinz Center

non-C efficiency total
16 16
29 29
51 51
53 53
18 69
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CHAPTER 3
ALTERNATIVE DESIGNS FOR A DOMESTIC SYSTEM TO CONTROL
GREENHOUSE GAS EMISSIONS

Emissions trading will be central to any control
system enacted to implement the terms of the
Kyoto Protocol. The Kyoto Protocol recognizes
international emissions trading as a method for
Annex 1 (developed) nations to meet their
emissions reduction commitments.  President
Clinton has announced that domestic and
international emissions trading will be central to
his climate change policy. However, little
attention has been paid to the actual design of
such a domestic program. A trading system for
energy-sector carbon could apply to fossil fuel
producers, combustors, or a combination of the
two. The system could be designed to stand
alone or used in combination with regulatory
standards, such as emissions standards. The
design of a domestic control program will be
critical as the debate moves from the targets and
timetables agreed to in Kyoto to consideration of
a control system to meet those commitments

Set out below are alternative designs for a
domestic program to control energy-sector
carbon dioxide (CO,) emissions. In this chapter,
we will use the emissions reduction opportunities
described in Chapter 2 to help specify possible
designs. We describe four alternatives, with a
focus on the emissions cap, control points, and
coverage. For some designs, we also consider
allocation schemes, emissions standards, and
trade implications. This chapter also briefly
discusses how alternatives could incorporate
early reduction credits, multiple greenhouse
gases, electricity restructuring, and international
reductions.

Associated with this chapter, appendices 4-6 give

more background on allocation methods, design
of standards, and international trade implications
of the control system alternatives. Allocating
emissions permits is central to three out of four
control system designs. Appendix 4 describes
and compares several methods for allocating
permits. The alternative designs also propose
three different forms of wvehicle emissions
standards. Appendix 5 describes these standards
in more detail. An important consideration is
whether the control system designs pose any
potential conflicts with the United States’
obligation under the World Trade Organization.
Appendix 6 discusses potential trade issues
associated with each alternative design.

INTRODUCTION TO EMISSIONS
TRADING
Emissions trading attempts to introduce

flexibility into environmental controls. It allows
the polluters themselves to implement the most
cost-effective mix of controls, creating emissions
reductions at lower costs than traditional
command-and-control regulations. (Note that
emissions trading will only result in lower
overall costs provided differences exist in the
marginal control costs among sources.) Trading
approaches can harness the innovative power of
industry, giving businesses the economic
incentive to seek out and deploy new emissions
reduction opportunities.  Tietenberg (1985)
discusses some economic aspects of emissions
trading. This approach is compared to other
environmental policy approaches in a report by
the Office of Technology Assessment (1995).
Fisher et al. (1996) similarly compares policy
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instruments specific to climate change. A
landmark study advocating the use of emissions
trading and other market-based strategies to
address national environmental problems was
completed by Project 88 (Stavins, 1988).
Sponsored by Senators Heinz and Wirth, this
study created a bipartisan constituency for using
market-based instruments to attack
environmental problems.

Overview of types of trading systems

According to Dudek et al. (1995), essential
components of all trading systems include: a
method for assigning a limited right to emit, the
mechanisms for exchanging these rights, and
opportunities  for  regulatory review and
enforcement. These authors describe three basic
trading models - the emissions reduction credit
(ERC) model, the “cap and trade” or allowance
trading model, and the discrete emissions
reduction (DER) or open market model.

Dudek et al. (1995) describes the ERC model as
follows. A permitted source makes a permanent
emission reduction, obtains certification of the
reduction from the local air quality regulator in
the form of a permit modification, trades the
credit, and obtains approval for the trade from
the regulator. Under the ERC model, reductions
are voluntary, permanent, and certified prior to
exchange. The EPA’s Emissions Trading Policy
Statement (Environmental Protection Agency,
1986) codified the different types of trades
acceptable under the ERC trading model.

A cap and trade or allowance trading model
requires setting an overall emissions cap from
affected sources. Affected sources must obtain
emissions permits to cover the emissions they
generate over a given period of time. The source
can obtain these permits through a government-
run auction or allocation system, or by trading
with other market participants. At the end of the
control period, the source submits accounting
information to the regulator, retiring sufficient
permits to cover their emissions. Permits are

fungible, and individual reduction strategies do
not need regulatory review.

An example of a cap and trade system is the acid
rain allowance system. Title IV of the Clean Air
Act Amendments of 1990 wuses tradable
emissions permits or “allowances” to cut electric
utility emissions of sulfur dioxide by about 50
percent. This example represents the first large-

scale application of permit trading to
environmental controls. The Act sets a
permanent cap on total annual allowances

allocated to utilities. Under this system, utilities
are allocated allowances based on their historical
fuel consumption and a specified emissions rate.
Each allowance allows a utility to emit one ton
of sulfur dioxide. Allowances held by utilities
may be bought, sold, or banked for use in future
years. The EPA’s Acid Rain Program is in
charge of the program.

In contrast to the ERC program, the open market
approach involves trading tons of already
accomplished emission reductions, known as
DER. A source measures and documents actual
emission reductions and trades them. Unlike
ERCs, DERs are not certified by the government
at the time of creation. Rather, buyers of DERs
evaluate the relative cost and quality of the
reductions, make a purchase, and then seek
government approval for their use. The
government examines the DER after the trade is
completed.

INTRODUCTION TO ALTERNATIVE
CONTROL DESIGNS

Other studies of domestic trading systems design
(e.g., Smith et al., 1992; Environmental Law
Institute, 1996) have organized systems
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around the point in the energy system that
emissions are controlled. “Upstream” or “fuels”
systems control carbon at or near the point of
extraction.  “Downstream” or “combustion”
systems control carbon at or near the point of
combustion.

The Heinz Center and its research collaborators
have approached the problem somewhat
differently. We have attempted to construct a
series of policy options, each emphasizing
different criteria that we consider to be critical in
the policy debate. Our development of four
alternative control designs has been the product
of a collaborative and iterative process underway
for the past year. Our policy options cover a
wide range of trading approaches and incorporate
many features considered important by the
collaborators. The set of options are not meant
to be exhaustive, but rather illustrative, each
having their own particular advantages.
Advantages of these options include:
» Compatibility with the current regulatory
structure (Option ).
* Reliance on a pure market approach (Option
11).
* Recognition of political compromises
needed to enact controls (Options Ill and
V).

Our first alternative (Option 1) has been
constructed with an eye towards designing a
control system that most closely resembles the
methods and policy approaches incorporated
under Title IV of the Clean Air Act, the Energy
Policy Act (EPACT), and the National Appliance
Energy Conservation Act (NAECA). This
familiarity minimizes surprises—but does
include some well understood weaknesses as
well as strengths. The fact that Option I involves
using a partial emissions cap by definition makes
it difficult to assure meeting the emissions target,
which is a clear weakness. However, Option |

also reduces the possibility of a gas price hike,
which is to some politically very appealing. The
second alternative (Option Il) is a “pure” market-
based approach. It will be of greatest interest to
those who believe that relying on price signals
alone will lead to a preferred outcome.

Although we do not expect Options | and Il to
function in a political vacuum, they are relatively
“clean” alternatives compared to Options Il and
IV. These alternatives anticipate the outcome of
political compromises needed to enact a
program, for example, compensating the hardest
hit groups through the allocation of permits.

Option 111 is similar to Option Il. Here, the focus
is on sending the “right” fuel price signals
through the economy. However, Option Il
incorporates standards on combustion equipment
to address the concerns of those who believe that
relying solely on price signals will not
necessarily produce the most efficient solution.
In contrast to Option I, this alternative also pays
close attention to who may have to be
“compensated” by assigning valuable pollution
permits to large coal users as well as producers
in order to ensure fairness in an environment of
changing government policy. Likewise, Option
IV closely aligns with Option I; that is, it too
focuses on the direct emitters of carbon dioxide.
But again, as is the case with Option Ill, some
losers, such as coal producers and those who
burn coal, are also compensated.

OPTION I: TRADING/REGULATING CO;,
EMISSIONS AT THE POINT OF
COMBUSTION WITH A HYBRID SYSTEM
Basic control system description

Option | is a hybrid, end-use trading system.
Option | allocates permits, based on records of
historical emissions, to the largest individual
consumers of fossil fuels (electricity generators,
large industrial boilers, and process emitters). It
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captures through regulatory or other types of
tradable systems the more diffuse and smaller
energy users (residential and commercial fossil
fuel users, smaller industrial emitters, and
transportation). Figure 3.1 is a design of this
system, and Table 3.1 describes how it works.
Table 3.2 details more fully how this option
affects each of ten major emissions categories.

Option | was designed to control both
combustors and end users in a way that fits with
the current regulatory structure, in an effort to
ease implementation.  The design includes
emissions trading among electricity producers
and other large sources (similar to

Extractio IMpPorts  processin ~ Imports  Distributio End
t(axporft_ export
ugrefine refin
pk (e+ ed Industr
Coal > Rail
Cleanin
blendin
Residenti
Qil > Refinin Pipeline
truck )
Commerci
Gas \ > LDCs
pipeline Transportati
v companie
Non-
Key uses

- - full cap @ - partial cap |:| - partial standards

Figure 3.1 Energy Flows Captured Under Option I: Trading/Regulating Carbon Dioxide Emissions at

the Point of Combustion with a Hybrid System.

Notes: As shown in this figure, the shaded region (electric utilities) and a portion of meshed region
(large industrial combustors of fossil fuels) would be covered under a trading scheme. Other end uses
(the region outlined in a rectangular box) would be regulated with efficiency standards. For light duty

vehicles and trucks, this would be a tradable corporate average carbon emissions standard.
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Table 3.1 Description of Option I: Trading/Regulating Carbon Dioxide Emissions at the
Point of Combustion with a Hybrid System

* Allocate permits to large combustors and regulate more diffuse combustors through
standards. Standards on automobile manufacturers will be tradable.

* Points of control for trading system
[Fossil-fuel fired electric generators required to hold permits

[Large industrial combustors and emitters required to hold permits
Large industrial combustors of fossil fuels
All refineries internal use of petroleum
Cement manufacturers process emissions

* Point of control for regulated system
[(Manufacturers of fossil fuel transportation equipment
Tradable CACE for light duty vehicles and trucks
(tradable with large combustors and other auto
manufacturers)

[(Manufacturers of commercial/residential/industrial equipment
Efficiency standards for HVAC equipment
Efficiency standards for water heaters and refrigerators
Efficiency standards for lighting
Efficiency standards for other household appliances
Efficiency standards for building shells
Efficiency standards for electric motors

* Core permit trading system
[(Permits allocated to large fossil fuel combustors based on historical
(e.g., 1990) emissions

[Permits can be generated by auto manufacturers by beating some pre-
specified CACE standard

* Additions to permit trading system
[Bet aside programs using permits withheld from allocation for early
reduction credits and to create incentives for renewable energy
generation and energy conservation
[(Multigas trading
[Carbon sequestration
*Annex 1 and non-Annex | (Clean Development Mechanism) trading
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Table 3.2 Carbon Control Policies on Emissions Sources for Option |

Emissions Affected by cap Affected by Not affected
and % of (price) standards on
1994 manufacturers of
inventory energy using
(MtC) equipment
Electricity 511 emissions capped at indirectly by
supply (36.6%) fraction of 1990 standards on
levels electricity using
equipment
Other large boilers 158 emissions capped at
and process heaters (11.3%) fraction of 1990
levels
Manufacturing: 79 efficiency standards emissions
other (5.6%) for facility HVAC  unaffected by cap
primary fuel and other energy
using equipment
Manufacturing: 134 price signal from efficiency standards
electricity use (9.6%) electricity sector for facility lighting,
cap electric motors, and
other equipment
Non-manufacturing 93 price signal from transportation- no controls directed
(6.7%) electricity sector related emissions at whole sector
cap on electricity- regulated under
using equipment efficiency standards
Buildings: direct 156 efficiency standards
fuel use (heat, hot (11.2%) for furnaces, hot
water, etc.) water heaters, and
building shells
Buildings: 326 price signal from efficiency standards no efficiency
electricity (lights, (23.3%) electricity sector for fluorescent standards for some
AC, appliances) cap lights, air appliances (e.g.,
conditioners, and televisions, clothes
other appliances washers and dryers)
Cars and trucks 347 tradable efficiency
(24.9%) standards with other

auto manufacturers
or large combustors
Other transport 103
(7.4%)

the current acid rain control program) and performance standards for appliances, vehicles,
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electric motors, and other energy-consuming
devices (similar to those adopted in the NAECA
and the EPACT). A secondary goal of Option |
is to avoid a gasoline price hike (which has
political advantages but is unrelated to any
environmental objective). Option | relies on
tradable vehicle fuel efficiency standards to limit
emissions from cars and trucks.

Under Option I, electricity generators and large
industrial combustors of a certain size (e.g.,
boilers with fossil fuel use greater than 100
million Btu/hr or facilities consuming more than
1,000 tons of coal per year) would be required to
hold permits. Each permit would allow a facility
to emit one metric ton of carbon. Currently,
electricity generators and combustion of fossil
fuels by large industrial manufacturers for boilers
and process heaters account for approximately 48
percent of all CO, emissions. This figure is
derived by assuming that 90 percent of
manufacturing’s two largest categories of energy
consumption—>boilers and process heaters—are
covered under the cap.

The majority of transportation-related emissions
would be covered by efficiency standards that
regulate emissions rates. For cars and trucks,
these could be a corporate average carbon
emission standard (CACE).  Transportation
currently represents about 32 percent of all CO,
emissions, with about 60 percent of
transportation’s emissions (about 20 percent of
total emissions) coming from light-duty vehicles.
Under Option I, the CACE would be a tradable
standard, as explained later. The CACE would
not only be a stricter version of the corporate
average fuel economy (CAFE) standards,
incorporating both light-duty and freight trucks.
It would also allow averaging to include vehicles
burning fuels derived from renewable energy
sources.

Residential, commercial, and small industrial
emitters of carbon would be partially regulated

through efficiency standards for  major
appliances, electric motors, HVAC equipment,
water heaters, windows, lighting, and building
shells. These efficiency standards would cover
the approximately 11 percent of all emissions
from direct combustion in the residential and
commercial sectors. They would also provide
additional coverage, along with a cap on
electricity emissions, on the approximately 14
percent of all emissions that result from
refrigerators, air conditioning, lighting, and
electric hot water. They would increase the
efficiency standards on energy-consuming
equipment adopted as part of NAECA and
EPACT.

Basis for permit allocation

Allowances would be allocated to the large
manufacturing industrial and electricity sectors
based on their historical carbon emissions.
Developing the allocation involves several steps.

The first step requires calculating the emissions
cap for these two sectors. We estimate the
emissions cap for electricity generators and all of
industry using the emissions forecasts discussed
in Chapter 2. The emissions cap for all sectors,
after adjusting the Kyoto target for potential
carbon sequestration, is 1300 million metric tons
of carbon per year (MtC/yr). Chapter 2 also
assumed that credits for 50 MtC would be
purchased from abroad in order to determine the
changes needed for the US energy system. In
order to calculate allocations, however, we must
use the 1300 MtC target. The control and trading
system doesn’t care whether the reductions are
obtained here or abroad.

We use the average results of the three studies in
Chapter 2 to set plausible targets for the affected
sectors. Under these control scenarios the
emissions from the industrial and electricity
sectors are about 700 MtC/yr (400 for electricity
generators and 300 for industrial). For the
electricity sector, controlled 2010 emissions are
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about 85 percent of carbon emissions in 1990;
for the industrial sector, controlled 2010
emissions are more than 100 percent of their
1990 direct emissions.

It is important to recognize that not all industrial
emissions would be covered under Option I.
Non-manufacturing sources (agricultural, fishing,
mining, construction, and forestry) account for
approximately 20 percent of industrial emissions.
In addition, from an administrative standpoint,
countless small manufacturing facilities would
be difficult to include in a trading system. We
assume that about 90 percent of manufacturing’s
two largest categories of energy consumption—
boilers and process heaters—are covered. (See
Table 3.13 for a breakdown of industrial
emissions by category.) This puts the emissions
target for the portion of the industrial sector that
we feel is amenable to a cap at approximately
160 MtCl/yr, which is about 55 percent of all
direct industrial emissions.

Because the Kyoto target is 50 MtC/yr lower
than the cap analyzed in these modeling studies,
we further lower the target for these two sectors
by 50 MtC/yr. We divide this further to presume
that 375 MtC/yr would be allocated to electricity
generators and 135 MtC/yr would be allocated to
large industrial sources. Under Option I, these
permits would be allocated to sources based on
their emissions in a base year such as 1990. This
allocation only pertains to the first budget period
(2008-2012). For subsequent budget periods,
the allocation must change based on the target
negotiated under the Protocol.

Although we’ve stated that 48 percent of
emissions are under Option I's cap, the
percentage of emissions allocated to these sectors
is somewhat lower (40 percent). This decline
occurs because the cost-effective reduction
potential for each sector is not the same, as
shown in the studies discussed in Chapter 2. For
example, results from the Interlaboratory

Working Group’s (1997) most optimistic
emissions reduction scenario (stabilization at
1990 emissions) shows transportation emissions
in year 2010 larger than their 1990 levels. To
meet the overall emissions cap as well as
accommodate growth in the transportation sector,
we set the cap on emissions from large
combustion sources somewhat below 1990
levels.

Each of the studies of emissions reduction
potential described in Chapter 2 attempts to
equalize the marginal cost of reduction across all
sectors.  Electricity shows a much greater
potential for cost-effective emissions reductions
than the other sectors. It would be more
straightforward to assign an emissions cap for
large manufacturers and electricity sectors
proportional to their 1990 emissions. For
example, if these sources accounted for 48
percent of emissions, they would receive 48
percent of the allocation. However, such a cap
would imply that we would need to reduce the
emissions outside the cap by an amount greater
than most studies deem cost effective or even
possible. Using an allocation assigning equal
reductions to each sector implies that we would
need to improve the CACE for automobiles over
the one associated with Option I's allocation.
Because the CACE is a tradable standard,
automotive manufacturers could either meet the
targets or purchase permits from electric utilities,
large manufacturers, or possibly international
sources.

A concern expressed by electricity generators
regarding Option | was that the total number of
permits in the system was too small. The
number of permits allocated domestically under
Option | (375+135=510 MtC) is close to the
1996 emissions from electricity sector alone, 516
MtC.  Their concern is that if electricity
continues to expand its role as energy carrier or if
electricity picks up a new area of demand, such
as fueling a significant portion of transportation
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sector demand through electric vehicles, there
may not be enough permits in the system.

Tradable CACE standard

The tradable corporate average carbon emission
(CACE) standard is designed to allow the
automotive industry flexibility in meeting the
standard.  Appendix 5 compares a tradable
CACE to other types of standards. The CACE
would be a two-sided target, where any
automaker beating the target could generate
allowances for sale and any automaker not able
to meet the target would be able to purchase
allowances. Allowances are based on estimated
lifetime emissions. They would be the same type
of allowances (a permit to emit a physical
quantity of carbon) as those held by large
manufacturing, industrial, and electricity
generators. Carbon emissions are a result of
energy consumption and thus can be estimated
from yearly vehicle miles and fuel efficiency. To
be most effective, posting the allowances bought
or sold—and the current market price of
allowances—on vehicle stickers might be needed
so that purchasers can see how much they paid or
saved for exceeding or beating the standard.

The allowances generated by automakers for
beating a CACE would be a multiyear (e.g., 10-
or 15-year) stream of dated allowances that
represent the time path of emissions reductions
resulting from their actions. For example, a fleet
of vehicles produced in 2010 that was more
efficient than the applicable standard would
generate allowances for each year between and
2010 and 2020. Purchasers could trade
allowances with other auto manufacturers,
electricity producers, or large industrial emitters,
or they could bank the credit.

Most permits given to an automaker in a given
year would be useable in some future year.
However, automakers requiring permits (not
meeting the CACE) may be required to hold all
the permits up front, making it difficult for
automakers to exceed their CACE standard in the

early years.

The lag time involved in vehicle stock turnover
becomes a critical issue with the use of a CACE
standard to control automotive emissions.
Indeed, many would argue that imposing such a
standard would likely prolong the use of the
existing vehicle fleet, slowing the stock turnover.
The CACE standard would obviously only apply
to new cars — they would not cover older vehicles
in the fleet. After five years, approximately 38
percent of automobiles and trucks would be built
to meet the new emissions standards (Davis,
1997). Because new vehicles are driven more
than their older counterparts, the average
percentage of emissions covered would be about
43 percent. Imposing standards on the
transportation sector requires around a 6-year lag
time before half of emissions are covered.
However, the Kyoto Protocol does not allow
banking of early reductions. Any early CACE
phase-in, which would be quite helpful for
meeting the Kyoto Protocol’s cap, will need to be
financed with credits from the first budget period
or through some other mechanism (tax credits or
other incentives not directly tied to permits).
Credits could be awarded for only that portion of
lifetime emissions reductions achieved after the
beginning of the first budget period in 2008.

Emissions coverage under hybrid system

One problem with this hybrid system is that it
leaves large sectors of emissions outside the
emissions cap. Option I involves a partial cap on
carbon emissions, much as Title IV of the Clean
Air Act Amendments of 1990 is a partial cap on
sulfur dioxide emissions because it only requires
allowances for electric producers. Emissions
from large industrial facilities and electricity
generation—and thus indirectly emissions from
all electric devices—would be capped under
Option I . Emissions from other end uses would
not be capped, but would be subject to standards.
Generally, systems that rely on standards provide
less certainty that the desired level of reductions
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will be achieved than under a full cap and trade
system. Efficiency standards (CACE as well as
other standards) typically regulate emissions
rates, not quantity of carbon emitted. Emissions
from these sources would not fall under a strict
cap, rather, they would be subject to usage
factors beyond the reach of the permit system.
For example, high efficiency cars might be
driven more than anticipated or more cars may
be sold, increasing emissions above the desired
target.

Emissions from non-manufacturing industrial
(construction, mining, agricultural, fishing,
forestry) and small industrial facilities also fall
outside the emissions cap and regulatory system..
The non-manufacturing  industrial  sector
currently consumes about 20 percent of industrial
energy use. However, most carbon emissions
from this energy use would be covered indirectly
through emissions controls on transportation and
electricity. Similarly, small manufacturing
facilities would only be controlled through their
electricity use.

Most emissions from energy use within buildings
will be covered by either the cap on the
electricity sector, efficiency standards, or both.
For example, some electrical appliances will be
covered by the cap on electricity sector
emissions. Furnaces and gas-fired hot water
heaters will be covered by efficiency standards.
Refrigerators, air conditioners, lighting, and
electric hot water heaters will be covered both by
the limits imposed by the cap and by efficiency
standards.  Similar to automobile standards,
standards that affect gas or oil burning
equipment in buildings (e.g., furnaces) only
affect new sources. Thus, the emissions covered
by the standards portion of this hybrid system
will be low at first and increase through time as
old equipment is retired and replaced by new and
more efficient technology.

Value of permits passed out under permit

allocation

Another issue associated with any allocation
system is the value of permits passed out under
Option I’s allocation.  Allocating permits as
opposed to auctioning them can partially
compensate controlled entities. It will be critical
to assess what is fair compensation for the
increased costs or loss in revenues occurring
from carbon controls. This is, of course, a
political, rather than an analytical decision. To
help guide informed decisionmaking, we have
provided below background information on the
value of these permits vis a vis financial data
from controlled entities. Appendix 4 describes
other methods for allocating permits and the
amount and value of permits given out.

Using the cap for the electricity sector developed
earlier and energy data (EIA, 1997a), we can
estimate the value of permits passed out to the
electricity sector under Option I.  Assuming
permits would be valued at $75/metric ton of
carbon (tC), the value of the permits annually
allocated to the electricity sector would be about
$28 billion (with a range of $9 billion at $25/tC
to $56 billion at $150/tC). (A permit price of
$75/tC is lower than the permit price range of
$81-$145/tC that the Interagency Analytical
Team found for emissions stabilization in year
2010 with no international trading and higher
than the $23-$56/tC that the same study found
for stabilization with Annex 1 trading.) As a
means of comparison, the net electric utility
operating income for investor-owned utilities in
1990 was $34.6 billion on revenues of $157.3
billion and expenses of $127.9 billion. Net
generation assets for investor-owned utilities in
this same year was $344.9 billion. Let’s assume
these permits were allocated to generators for 30
years with a discount rate of 18 percent (a
conservative assumption reflecting a rate of
return in an unregulated industry) and that permit
prices were constant over that time period. In
this case, the net present value (NPV) of this
stream of permits would be $155 billion (with a
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range of $66 billion at $50/tC to $310 billion at
$150/tC). Note that under Option I’s cap for the
electricity sector, we are proposing to allocate
only 80 percent of their 1990 emissions. Thus,
we calculate the value of permits assuming that
only 80 percent of historical carbon is passed out
in allocated permits.

Most of these permits would go to only a portion
of the electricity sector, the coal-fired generators.
These are also the entities under the greatest
pressure to reduce emissions in most carbon
control schemes. Table 3.3 shows the amount of
carbon consumed, the value of that carbon, and
some financial indicators for the second, third,
and fourth largest consumers of coal among
investor-owned utilities. (The largest consumer
of coal among electricity utilities is the
Tennessee Valley Authority, a public utility.).
This table shows that for two of the utilities,
PacificCorp and Georgia Power, the value of the
carbon allocated (assuming $75/tC) under Option
| would exceed their net operating income.

Of course, comparing the value of permits to net
operating income is just one way to assess the
fairness of permit allocation and not necessarily
the best one. One could use profits, net
revenues, gross revenues, or other values to
assess the value of permits. In addition, the value
of the permit does not represent the net wealth
effects of participating in the trading system.
Rather, net wealth depends on profitability,
which is a function of prices, costs, and output.
If the effect of the trading system is to reduce
output, this decline would reduce net income.
Thus, the effect on net wealth would be less than
that indicated by the wvalue of the permit
allocation. Additionally, the value of permits in
the future is highly uncertain. Finally, this
analysis is overly simplified in that it acts as if
the value of the permits could be separated from
the revenue, cost, and net income figures cited
for comparison.

WTO issues

A critical design aspect is whether any option
appears likely to conflict with the United States’
international trade obligations as set forth in the
newly established Uruguay Round Agreement
Establishing the World Trade Organization
(WTO Agreement).  Appendix 6 contains a
more complete discussion of the WTO issues.
Here we will summarize the general WTO issues
along with their specific application to Option I.
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Table 3.3 Carbon Consumption and Financial Statistics for Three Largest Consumers of Coal
among Investor-Owned Utilities (all data for 1996)
Carbon Value of | Electricity | Electricity Net Net NPV of
from fossil | 73% of | operating | operating | operating | plant permits for
fuels the revenues expenses income assets a 30 year
consumed | carbon at (10° (10° (10° (10° stream at
(10° $75/t C dollars) dollars) dollars) | dollars) 18%
metric (10° discount
tons dollars) rate
carbon)
Georgia 17.2 942 4,416 3,530 886 10,163 5,202
Power
Texas
Utilities 16.2 887 6,030 4,567 1,463 16,448 4,899
Electric
Co.
Pacific
Corp 14.8 810 2,961 2,308 652 7,825 4,473
Note: the value of the carbon is reduced by a factor of .73 because the electricity sector cap is 73%
of the 1996 emissions.

In general, the principal WTO issues raised are:
(1) whether the product standards envisioned by
Options 1, 111, and IV discriminate against foreign
products; and (2) whether giving free permits
under the cap-and-trade schemes of Options I, 111
and IV is an “actionable subsidy” under the
WTO  Agreement on  Subsidies and
Countervailing Measures (Subsidies Agreement).
Product standards under these options imposing
minimum  mileage or energy efficiency
requirements for products are not likely to raise
WTO concerns so long as they are crafted in a
way that does not discriminate against imported
products. The more difficult issue is whether
and under what circumstances allocating free
permits under these options would constitute an
actionable subsidy.

The WTO Subsidies Agreement defines an

“actionable subsidy” as a “financial contribution”
that is (1) not de minimis, (2) given to “specific”
enterprises or industries, and (3) causes or
threatens “injury” or “serious prejudice” to
foreign manufacturers of like products. The
contribution is not de minimis if it yields, directly
or indirectly, a benefit that is greater than 1
percent of the receiving firm’s total sales of all
products or, if the subsidy is limited to certain
products, 1 percent of the firm’s total sales of the
subsidized products. The allocation of permits
can be considered a financial contribution
because “surplus” permits—those not needed to
meet regulatory operating requirements—can be
sold for cash. Only “surplus” permits would be
considered a financial contribution as those used
to support on-going operations are more
appropriately classified as regulatory instruments
rather than subsidies.
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The key issue raised by the permit allocation
under Option | is whether it is likely to result in
greater than de minimis subsidies for large
combustors and electricity generators causing
injury or serious prejudice to foreign
competitors.  Since Option | makes a large
number and wide variety of sources eligible for
permits, it seems unlikely that Option | will be
deemed de jure specific, that is, intentionally
specific. The more difficult question is whether
the allocation formula will have the effect of
focusing the predominant share of surplus
permits on relatively few manufacturers and/or
industries, leading to a finding of de facto
specificity. Such a concentration of surpluses
would also increase the likelihood of non-de
minimis subsidies.

As long as emissions permits are awarded under
a formula that requires significant reduction
efforts by all recipients, it seems unlikely that
Option | will generate actionable subsidies to
combustors who choose to continue in their
traditional lines of production. However, Option
| could give rise to considerable accumulations
of surplus permits—and foreign subsidies
challenges—if it is implemented under a rule that
allows combustors to continue to receive their
permit allocation while: (1) they exit the
business of high-carbon manufacturing and shift
into low-carbon product lines not covered by the
cap-and-trade scheme; or (2) close US facilities
and divert production overseas. These scenarios
may argue for at least some limitation (perhaps
time limits) on the eligibility of diverting/exiting
firms to continue to receive permits based on
their historical emissions.

A secondary issue is whether allocating permits
to electricity generators creates an upstream
subsidy to manufacturing facilities purchasing
this power. The key question is whether
electricity generators would be able to amass
large surpluses; if so, whether they would pass
the benefit through to their customers (or to
certain favored customers); and whether the

passed-through  benefit would bestow a
significant competitive advantage on the
manufactured product. In a WTO analysis, the
benchmark for comparison would be, not
electricity prices pre-Option |, but what
electricity prices would be under Option |
without the grant of surplus permits to the
generator (though this might be hard to
determine) and whether this price difference
would be competitively  significant to
manufacturers.

Standards lag and early reduction credits

A critical transition issue associated with Option
| is the lag time necessary to have standards
cover a significant portion of the energy-
consuming equipment. (Note that this discussion
is not unique to Option I. Option IV also
controls a significant proportion of emissions
with standards; this issue of lag time is just as
critical for that option.) As discussed under the
CACE description, it takes about 6 years for new
CACE standards to make an impact of more than
50 percent of automotive emissions. This lag
time can vary widely because some equipment,
such as lighting, refrigerators, and hot water
heaters, turns over within a decade or two,
whereas building stock can take much longer.

A partial solution to the lag time problem is to
begin the standards program before the first
budget period. This action could be
accomplished by giving early reduction credits
for any of the regulatory standards tightened
earlier than 2008. However, under the Kyoto
Protocol, any credits for emissions reductions
prior to 2008 must come from the United
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States’ first budget period. Credit could be
limited to that portion of the reductions that
would occur after 2008. Incentives to adopt
more efficient equipment earlier might also
include tax rebates, information programs,
research and development funding, and
government procurement.

Early reduction credits may also be extended to
early electricity producers and industrial
reductions (i.e., those under the cap). But here
again, a key issue is whether the United States is
willing to accept a lower cap in the first budget
period to encourage early reductions. If this is
acceptable, credit might nevertheless be quite
limited. For example, credits to these sectors
might be limited to facilities built after a set date
(e.g., no credit for facilities constructed prior to
1980 because they may be replaced prior to 2012
anyway.) Reductions that are a result of fuel
switching or improved efficiency of output could
also be given credit. Reductions caused by
decreased production might have to be
disallowed because it may be difficult to
determine whether compensating increases were
simply shifted to other facilities.

OPTION II: LIMITING FOSSIL FUEL
CARBON AT THE NARROWEST POINT
ALONG THE SUPPLY CHAIN. PERMITS
AUCTIONED.

Basic control system description

Option 11 caps the amount of carbon in fossil fuel
that can enter the economy by imposing limits on
sales from energy producers and distributors.
Permits are auctioned (rather than given away) at
the point of extraction for coal, refining for
petroleum, and distribution for natural gas.
Permits would also be required for imports of
refined petroleum products. Figure 3.2 shows a
schematic of this design; Table 3.4 describes this
option. Table 3.5 details how this option affects
each of ten major emissions categories. Option
Il comes closest to a “pure” market-based
alternative and provides incentives for efficiency

improvements to all energy users. The overall
cap on permits available through auction would
be set based on the Kyoto target. Based on
Chapter 2 figures, this cap for the first budget
period (2008-2012) would be at 1300 MtClyr,
lowered by the amount needed to account for
emissions from oil and gas production, gas
transmission, and gas processing. The cap would
also need to be lowered by the amount deemed
necessary for any set-aside programs. For
subsequent budget periods, the cap would change
based on the target negotiated under the Protocol.

Parry et al. (1996) and Parry (1997) conclude
that an auction system has a lower economic
impact than a system in which permits are
allocated, provided that auction revenues are
channeled for reducing taxes on labor. The
Interagency Analytical Team (1997) analysis
emphasizes that the revenue recycling options
selected will determine the economic efficiency
of the auction system. This team concluded that
using revenues to reduce personal income tax
rates, although politically popular, lowers Gross
Domestic Product more than a system in which
permits are allocated to combustion sources.

The motivation for this system’s particular
configuration was to choose control points that
minimize the number of permit holders, in a way
that reduces administrative burden and
transaction costs. The supply chain narrows at
the point of oil refinement, with output from
thousands of oil producers sent to a smaller
number of refineries.  Pipelines represent a
similar narrowing point for natural gas. Coal
lacks a similar essential narrowing point, so we
propose to regulate it at the point of extraction.
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Figure 3.2 Energy Flows Captured under Option Il - Limiting Fossil Fuel Carbon at Narrowest Point

in the Supply Chain. Permits Auctioned.

Note: This is a pure auction system that captures carbon at a point in the system where there are a

minimum but still large number of permit holders.

This system lowers the number of permit holders
compared to a system controlled exclusively at
the point of extraction. Approximately 180
petroleum refineries, 130 natural gas pipeline
companies, and 2,800 coal companies are
required to hold permits under this proposal.

This system would capture almost all energy-
related carbon that could potentially find itself in
the atmosphere. In terms of the petroleum
system, permitting oil as it enters into refineries
captures energy used in the refinement process.
It would not, however, account for exports of

fossil fuels® or fossil fuels used for non-energy

' We assume that carbon dioxide emissions from
fossil fuels will be regulated by the country
consuming the fuel. Thus, imports will fall
under the jurisdiction of a domestic system
where exports will fall under the jurisdiction of
the receiving country. However, exports to non-
Annex 1 countries may require permits, since
emissions from these fuels are not controlled by
the receiving nation.
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Table 3.4 Description of Option Il: Limiting Fossil Fuel Carbon at the Narrowest Point

Along the Supply Chain. Permits Auctioned.

* Extractors, refiners, and distributors required to obtain permits through an auction or by

purchasing them from other permit holders.

* Points of control for trading system
[JCoal extractors required to hold permits

OQil entering into refineries required to hold permits
Olmporters of refined petroleum products required to hold permits
* Natural gas pipeline companies required to hold permits

* Core permit trading system
[Permits auctioned

* Additions to permit trading system

[Bet aside programs using permits withheld from cap to create incentives
for renewable energy generation and energy conservation

[(Multigas trading
[Carbon sequestration

*Annex 1 and non-Annex | (Clean Development Mechanism) trading

purposes. Rebates may be an option to account
for exports and non-fuel uses. Hargrave et al.
(1998) discusses in detail accounting for non-fuel
use of fossil fuels in a supplier-based trading
system.

Auctioning instead of allocating permits also
reduces the potential WTO issues. Option Il
would pose no conflict with WTO rules provided
it is implemented in a manner which does not
discriminate covertly against imports by, for
example, calculating the carbon content of
foreign and domestic fuels/products by a
discriminatory methodology that requires foreign
suppliers to hold more permits per unit than
similarly situated domestic producers.

Permitting points for coal and natural gas

Some question arises regarding whether these are
the best control points for coal and natural gas.
Using other points in the coal system, such as at
the preparation plant or shipping, would
minimize the number of required permit holders.
But not all coal passes through preparation
plants, and coal shipping, usually by railroad, can

vary more than gas pipelines. Currently, we feel
that the point of extraction is the least ambiguous
control point.

We propose for pipeline companies to be the
point of control for natural gas use. Under
deregulation of the natural gas industry, the
Federal Energy Regulatory Commission has
separated transmission and storage services from
the sale of natural gas. Thus, pipeline companies
would not own the product for which they would
be required to hold allowances. An alternative
control point would be to require operators of
local distribution systems to hold permits or, if
gas is removed from a pipeline before it reaches
a local distribution system, by the person
receiving the natural gas at the time of its
removal. This approach was proposed in 1993
for an energy tax based on Btu content (that was
never adopted).
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Table 3.5 Carbon Control Policies on Emissions Sources for Option 11

Emissions or  Affected by cap Affected by Not affected
% of 1994 (price) standards on
inventory manufacturers of
(MtC) energy using
equipment
Electricity 511 price signal from
supply (36.6%)  cap on primary
fuels
Other large boilers 158 price signal from
and process heaters (11.3%) cap on primary
fuels
Manufacturing: 79 price signal from
other (5.6%) cap on primary
primary fuel fuels
Manufacturing: 134 price signal from
electricity use (9.6%) higher electricity
prices due to cap on
primary fuels
Non-manufacturing 93 price signal from
(6.7%) cap on primary
fuels (including
higher electricity
prices)
Buildings: direct 156 price signal from
fuel use (heat, hot (11.2%)  cap on primary
water, etc.) fuels (including
higher electricity
prices)
Buildings: 326 price signal from
electricity (lights, (23.3%) higher electricity
AC, appliances) prices due to cap on
primary fuels
Cars and trucks 347 price signal from
(24.9%) cap on primary
fuels (including
higher electricity
prices)
Other transport 103 cap on primary
(7.4%) fuels
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The primary disadvantage in requiring local
distribution companies to hold permits is that
this control point is not a constriction point in the
natural gas system. Another drawback is that
under natural gas deregulation, local distribution
companies may not own the gas they are
delivering to customers.

OPTION IlI: FULL CAP AND TRADE ON
EXTRACTORS AND IMPORTERS WITH
REGULATORY ASSIST - PERMITS
ALLOCATED TO SUPPLIERS AND
COMBUSTORS

Basic control system description

An option for a more complex, but possibly more
politically attractive system, is shown in Figure
3.3.  Under this option, permits are used to
compensate both energy suppliers and coal

combustors. Option Il is a system controlling
energy suppliers, augmented by regulatory
standards. Table 3.6 describes its basic

components. Table 3.7 contains more detail on
how this option affects each of ten major
emissions categories. Under this system, all
producers or importers of fossil fuels must hold
permits to cover their carbon production. The
overall cap on permits allocated would be set at
1300 MtCl/yr, as described in Chapter 2, lowered
by the amount deemed necessary for any set-
aside programs.

Option 1l allocates allowances to fossil fuel
producers as well as coal combustors. The
allowance allocation to oil and natural gas uses
the carbon content of their production or
importation in a base year such as 1990. Using
1990 as the base year, the allocation would have
to be lowered slightly by the ratio of the 1300
MtC/yr cap (minus whatever is diverted for set-
aside programs) divided by the

1990 production. The total allocation to coal is
calculated in the same manner as for oil and
natural gas, but it is split evenly between

producers and combustors. Coal producers are
allocated somewhat less than one half of their
carbon production. Remaining allowances go to
large coal combustors based on their
consumption in the base year. Regulatory
standards augment the design to improve the
overall performance of the system.

The motivation of such a system is to use the
permit allocations to compensate fossil fuel
producers and coal combustors and use standards
to improve system performance. A small
fraction of the allocation could be held back to
use to support projects increasing energy
efficient and the use of renewable energy
sources.

Regulatory standards under Option 11l would not
be tradable as allowances. If standards were
tradable, as they are in Options | and IV, we will
encounter the problem of double counting
reductions. For example, if an automaker beats
the CACE to generate permits, it would also
reduce petroleum demand, generating extra
permits for oil extractors and importers.

An alternative approach is to allow Discrete
Emissions Reductions (DER) trading only
among all manufacturers that fall under the
standards. This could include both transportation
and non-transportation sector manufacturers.
Credits would be calculated based on lifetime
emissions of each energy-consuming device (car,
refrigerator, etc.) This measure would provide a
“safety” valve to allow more stringent standards
to be set than might otherwise be acceptable if
every product and manufacturer had to meet its
target.
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Figure 3.3 Energy Flows Captured Under Option 11 - Full Cap and Trade on Extractors and
Importers with Regulatory Assist. Permits Allocated to Suppliers and Combustors.

Notes: Under this system, domestically produced and imported fossil fuels would be allocated permits
(solid and diagonal shading). The allocation of permits for coal (diagonal shading) would be split
between producers and combustors. End uses (the region outlined in a rectangular box) would be

regulated with efficiency standards.

Issues in the treatment of coal extractors and
combustors

Allocating permits to both coal producers and
large coal combustors recognizes that these are
the two most vulnerable sectors under carbon
controls. Granting permits free of charge is a
tool to compensate controlled entities for the
losses they would incur and improve the
political viability of a control design. The
design of Option Il also recognizes that,

because coal has a greater carbon content per
unit energy, so too is the value of coal’s
allowances per unit energy. The value of
permits allocated under this option seems to be
sufficient to compensate coal producers with
substantial amounts remaining to compensate
large coal combustors for the loss of useful life
of their facilities. If we again assume that the
value of permits is $75 per metric ton of
carbon, the
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Table 3.6 Description of Option I1I: Full Cap and Trade on Extractors and Importers with Regulatory
Assist. Permits Allocated to Suppliers and Combustors.

» Extractors and importers required to hold permits with permits allocated to both suppliers and coal
combustors, standards on manufacturers of residential/commercial energy consuming equipment used
to augment trading system.
* Points of control for trading system
* Coal, oil, and natural gas extractors required to hold permits
* Importers of natural gas, coal, and unrefined and refined petroleum products required
to hold permits

* Points of control for regulated system
[(Manufacturers of fossil fuel transportation equipment
CACE for light duty vehicles and trucks

[(Manufacturers of commercial/residential/industrial equipment
Efficiency standards for HVAC equipment
Efficiency standards for water heaters and refrigerators
Efficiency standards for lighting
Efficiency standards for other household appliances
Efficiency standards for building shells
Efficiency standards for electric motors
Efficiency standards for boilers
* Core permit trading system
[Permits allocated to large fossil fuel extractors and importers as well as large coal combustors
based on historical (e.g., 1990) production and emissions.
 Additions to permit trading system
[Bet aside programs using permits withheld from allocation for early reduction credits
and to create incentives for renewable energy generation and energy conservation
[(Multigas trading
[Carbon sequestration
*Annex 1 and non-Annex | (Clean Development Mechanism) trading

value of the carbon produced in 1990 by the coal
sector for domestic consumption would be

$38 billion. This is about twice the value of
production (with a range of $13 billion at $25/tC
to $101 billion at $200/tC). In 1990, the value of
the coal produced in the United States was
approximately $22 billion.

Option 11 does not address all of the distribution
issues associated with allocating permits. The
possible losers under carbon controls include not
only companies that extract and combust coal,

but also the employees and communities that
depend upon these companies for their
livelihoods. Thus, additional policy



Designs for Domestic Emissions Trading

Table 3.7 Carbon Control Policies on Emissions Sources for Option 111
emissions or  Affected by cap Affected by standards Not affected
% of 1994 (price) on manufacturers of
inventory energy using
(MtC) equipment
Electricity 511 price signal from cap indirectly by
supply (36.6%) on primary fuels, standards on
mitigated by permit electricity using
allocation to coal equipment
utilities
Other large boilers 158 price signal from cap  efficiency standards
and process heaters (11.3%) on primary fuels, on boilers
mitigated by permit
allocation to large
coal using industries
Manufacturing: 79 price signal fromcap  efficiency standards
other (5.6%) on primary fuels for facility HVAC
primary fuel and other energy
using equipment
Manufacturing: 134 price signal from efficiency standards
electricity use (9.6%) higher electricity for facility lighting,
prices due to capon  electric motors, and
primary fuels other electricity using
equipment
Non-manufacturing 93 price signal from cap  transportation-related
(6.7%) on primary fuels emissions regulated
(including higher under efficiency
electricity prices) standards
Buildings: direct 156 price signal fromcap  efficiency standards
fuel use (heat, hot (11.2%) on primary fuels for furnaces, hot
water etc.) water heaters, and
building shells
Buildings: 326 price signal from efficiency standards  no efficiency
electricity (lights, (23.3%) higher electricity for fluorescent lights, standards for some
AC, appliances) prices due to capon air conditioners, and  appliances (e.g.,
primary fuels other appliances televisions, clothes
washers and dryers)
Cars and trucks 347 price signal fromcap  efficiency standards
(24.9%) on primary fuels
Other transport 103 price signal from cap
(7.4%) on primary fuels

measures may be needed to compensate all of the

WTO issues

parties most affected by carbon controls. Because Option Il treats oil and gas producers,
coal producers, and coal combustors differently,

The Heinz Center
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each requires a separate analysis of WTO issues.
Appendix 6 contains a complete assessment of
potential WTO concerns raised by this option.
As under Option 1, the key concern is whether
the permits given to these sectors would be
considered “actionable subsides” under the WTO
subsidies agreement.

Oil and gas producers could generate large
surpluses only by reducing sales in the United
States market below their base year (e.g. 1990)
levels. Though improvements in energy
efficiency due to the control program may lower
demand below levels that might otherwise occur,
both a growing economy and fuel switching from
coal to gas will likely keep demand above
historic levels. However, under Option Il as
written, every unit of oil/gas that was sold by a
company in the allocation baseline year generates
one permit each year, throughout the
commitment period, for the selling company. If
the corresponding unit of oil and gas is diverted
overseas in a future year, that generates a
subsidy—in the form of a one free, salable permit
each year—for the diverting oil and gas company.
Given this incentive, oil and gas companies with
historic US sales may choose to divert some
traditional US supplies of oil and gas to overseas
markets. Such a diversion would increase energy
prices for United States consumers while
displacing, rather than reducing, carbon
emissions abroad. One way to avoid this result is
to craft an anti-diversion rule for Option Ill. For
example, one could reduce each oil and gas
firm’s entitlement to surplus permits (permits in
excess of allocation-year US oil and gas sales) by
the amount of any increase in that firm’s
overseas sales of oil and gas in the allocation
year (or increase above a certain level) compared
to the baseline year.

Similarly, the main WTO issues raised by the
treatment of coal extractors concerns those that

reduce domestic coal sales by more than the
amount required by the scarcity of permits.
Revenues from sales of surplus permits could
then be used to cross-subsidize: increased coal
sales in foreign markets (diversion), or transition
from coal mining into some other line of
production (exit). Certainly diversion of sales to
foreign markets will be attractive to mining
companies who wish to stay in the business.
Although coal extractors will see half of the coal-
related permits shared with combustors, it is
conceivable that certain extractors with
historically large US sales could divert so much
coal to countries that have not accepted a cap
under the Kyoto Protocol that they would amass
a considerable revenue stream from sale of now-
surplus permits. Besides undermining the global
climate benefit, such a response could elicit
subsidies challenges from foreign coal suppliers.
Similarly, coal extractors who choose to exit the
coal mining business-by shifting/diversifying
into non-coal product lines—might also
accumulate considerable revenues from sale of
permits awarded them as a result of historic
production levels. This could raise a risk of
subsidies challenge from foreign manufacturers
of these other products. If these diversion/exit
scenarios are deemed plausible, they may argue
for some limitation (perhaps time limits) on the
eligibility of diverting/exiting coal extraction
firms to continue to receive permits based on
historic coal production.

In general, free permits to coal combustors
would all be surplus, since they would be
allocated without any corresponding regulatory
obligation. Most of these permits (about 90
percent), however, would flow to coal-fired
electric power plants. Only a small percentage of
their product (electricity) moves in international
trade. As with Option I, if electricity generators
lower prices to  manufacturers, these
manufacturers could be found to have received
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an upstream subsidy if this lower price has a
significant effect on the cost of manufacturing.
The remaining 10 percent of permits allocated to
combustors would go to large manufacturers. It
seems unlikely that this allocation would be a
specific subsidy since it would spread a small
proportion of total permits among multiple major
industry groups.

Use of standards with a fuels cap

Regulatory standards are included in this option
as “backstop measures” to improve the
performance of the system. Many economists
argue that a price signal alone is the preferred
approach to induce the *“correct” amount of
energy efficiency improvements. In this view,
capping carbon at the point of production is
sufficient to optimize consumers’ choices in the
purchase of energy-consuming equipment.
However, other studies have shown that
individual consumers seem to be far more
interested in lowering up-front costs than lifetime
fuel savings when it comes to purchasing energy-
saving equipment.

An example of this argument is presented by
Novice and Crandall (1996) and Green (1997),
who present contrasting views of the importance
of price versus regulatory signals for improving
automobile efficiency. Novice and Crandall
argue that it was the oil price hikes of the late
1970’s that induced increases in automotive
efficiency. Green (1997) argues that it was the
CAFE standards that increased efficiency in
autos and that energy prices would have to be
very high to achieve the same efficiency
increases. Consumers often choose the certainty
of lower up-front costs over the uncertainty of
the performance of energy efficient equipment.
In addition, they are often concerned about the
possible reduction in amenity associated with
using more efficient technologies. Introducing
standards for end-use equipment helps to address
this tendency, and, at least in the opinion of

some, reduces the cost of carbon reductions.
Box 2-4 discusses price versus regulation in
more detail.

OPTION 1V: TRADING/REGULATING
CARBON DIOXIDE EMISSIONS AT THE
POINT OF COMBUSTION WITH A
HYBRID SYSTEM. PERMITS
ALLOCATED TO COMBUSTORS AND
COAL EXTRACTORS

Basic control system description

Another option for a more complex but possibly
more politically attractive system is shown in
Figure 3.4. As with Option IlI, permits are used
to reduce the effects of carbon controls on
sectors that would receive an adverse impact.
Option IV combines aspects of Option I, which
imposes a “cap and trade” system on large
combustors, and Option 11, which splits the coal
allocation between coal extractors and coal
combustors. Table 3.8 describes the basic
components of Option IV. Table 3.9 details
how this option would affect each of ten major
emissions categories.

As with Option I, Option 1V allocates permits to
the largest individual consumers of fossil fuels
(electricity ~ generators, large industrial
manufacturers, and process emitters) and focuses
on  manufacturers of  energy-consuming
equipment to improve the efficiency of the more
diffuse and smaller uses of energy (e.g.,
residential and commercial fossil fuel use and
transportation). Automobile manufacturers

The Heinz Center
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Figure 3.4 Energy Flows Captured Under Option IV: Trading/Regulating Carbon Dioxide Emissions at
the Point of Combustion with a Hybrid System. Permits Allocated to Combustors and Coal Extractors.

Notes: As shown in this figure, the electric utilities (shaded region) and large industrial combustors of
fossil fuels (square meshed region) would be covered under a trading scheme. Some of the permits not
allocated to combustors would be allocated back to coal extractors. The transportation sector (vertical
meshed region) would be regulated with a tradable emissions cap on future emissions potential. Other
end uses (the region outlined in a rectangular box) would be regulated with efficiency standards.

under this option would not be given a CACE  emissions; and (3) come closer to a true cap on
standard, but rather allocated permits that would automotive emissions.

be used to cover the future emissions resulting

from the light duty vehicles and trucks they  As characteristic of Option Ill, the motivation for
manufacture. In contrast to Option I, Option IV~ using permit allocations to compensate
would: (1) allocate permits to coal extractors in

addition to large combustion sources; (2) allocate

permits to large combustors based on a type of

performance standard rather than on historical
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Table 3.8 Description of Option IV: Trading/Regulating Carbon Dioxide Emissions at the Point
of Combustion with a Hybrid System. Permits Allocated to Combustors and Coal Extractors.

* Allocate permits to large combustors and regulate more diffuse combustors through standards.
Standards on automobile manufacturers will be tradable cap on emissions potential.

* Points of control for trading system
[Fossil-fuel fired electric generators required to hold permits

[Large industrial combustors and emitters required to hold permits
Large industrial combustors of fossil fuels
All refineries internal use of petroleum
Cement manufacturers process emissions

[(Manufacturers of fossil fuel transportation equipment required to hold permits
Tradable CCE cap for automobiles

* Point of control for regulated system
[(Manufacturers of commercial/residential/industrial equipment

Efficiency standards for HVAC equipment
Efficiency standards for water heaters and refrigerators
Efficiency standards for lighting
Efficiency standards for other household appliances
Efficiency standards for building shells
Efficiency standards for motors

* Core permit trading system
[JCap on permits allocated to large fossil fuel combustors based on historical
(e.g., 1990) energy usage and natural gas emissions coefficient. Permits
allocated to individual fossil fuel electricity generators based on output
performance standard. Permits allocated to large industrial combustors based
on input performance standard. Extra permits allocated to coal extractors based
on historical production

[Permits allocated to automakers based on fleet’s future emissions commitment

* Additions to permit trading system
[Bet aside programs using permits withheld from allocation for early reduction
credits and to create incentives for renewable energy generation and energy
conservation
[(Multigas trading
[Carbon sequestration
*Annex 1 and non-Annex | (Clean Development Mechanism) trading

63
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Table 3.9 Carbon Control Policies on Emissions Sources for Option IV

Emissions Affected by cap Affected by Not affected
or % of (price) standards on
1994 manufacturers of
inventory energy using
(MtC) equipment
Electricity 511 emissions capped at | indirectly by
supply (36.6%) fraction of 1990 standards on
levels electricity using
equipment
Other large boilers 158 emissions capped at
and process heaters | (11.3%) | fraction of 1990
levels
Manufacturing: 79 efficiency standards | emissions
other (5.6%) for facility HVAC | unaffected by cap
primary fuel and other energy
using equipment
Manufacturing: 134 price signal from efficiency standards
electricity use (9.6%) electricity sector for facility lighting,
cap electric motors, and
other energy using
equipment
Non- 93 price signal from transportation- no controls directed
manufacturing (6.7%) electricity sector related emissions at whole sector
cap on electricity- regulated under
using equipment efficiency standards
Buildings: direct 156 efficiency standards
fuel use (heat, hot (11.2%) for furnaces, hot
water etc.) water heaters, and
building shells
Buildings: 326 price signal from efficiency standards | no efficiency
electricity (lights, (23.3%) | electricity sector for fluorescent standards for some
AC, appliances) cap lights, air appliances (e.g.,
conditioners, and televisions, clothes
other appliances washers and dryers)
Cars and trucks 347 cap on emissions
(24.9%) tradable with other
auto manufacturers
or large combustors
Other transport 103

(7.4%)
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fossil fuel combustors and coal producers is to
help compensate those most hurt by the new
policy. The somewhat more constraining
approach to controlling motor vehicle emissions
adds a bit more certainty about the reductions
likely to be achieved from this sector. As with
the other allocation options (Options | and IlI),
this system could hold back a small fraction of
the allowances to support projects that increase
energy efficiency or renewable energy.

Basis for permit allocation to large combustors
This option allocates permits to the industrial and
electricity sectors using a two-step procedure.
First, the emissions cap for each sector is
calculated using historical energy usage and the
carbon content of natural gas. Thus, the total
emissions allocated to each sector is based on the
emissions that would have occurred if natural
gas—the lowest carbon emitting fuel-had been
substituted for coal and oil in a base year such as
1990. For the electricity sector, this would
produce a total cap of 295 MtClyr; for the large
industrial manufacturers, this would produce a
total cap of 135 MtC/yr. Note that, although the
number of permits allocated to electricity
generators and large industrial manufacturers is
smaller than Option |, the total number of
permits allocated is larger for this option. This is
due to permits allocated to the automotive
industry. Under Option 1V, the automotive
industry would be allocated permits based on
their future emissions commitment, rather than
only buying or selling permits based on their
deviation from a CACE standard.

The second step requires developing the
allocation to individual electricity and industrial
facilities. For electricity generators, permits are
allocated to individual sources based on their
share of total electricity output. Individual
industrial sources receive their share of the
industrial total based on the amount of fossil fuel

energy they purchased in a base year or in a base
multi-year period. Appendix 4 describes these
allocation methods in greater detail.

Under this option, we propose that the allocation
to individual sources change through time. The
original allocation would apply to the first budget
period of 2008 to 2012. For the second budget
period, the total emissions allocated to each
sector would remain the same as for the first
(provided the national emissions target remains
the same). However, the allocation to individual
sources would be recalculated using the same
approaches described above, but based on the
electricity generated or energy purchased in 2010
(or a recent multi-year average). By updating the
allocation to individual sources, new electricity
generators or industrial sources eventually are
treated equally with existing sources, and sources
that shut down eventually stop receiving permits.
This approach creates an incentive for reducing
emissions through both fuel switching and use of
more efficient generating technologies, while
still providing some compensation to controlled
entities.

Reallocating permits among sectors could also
help deal with such societal changes as increased
use of electric cars. As discussed in Appendix 5,
if electric vehicles become widely used, there
could be a transfer of responsibility for carbon
emissions from light duty vehicles from
manufacturers to electricity generations. This
may argue for a reallocation of permits between
the transportation and electricity sector.

But there are concerns about the use of a recent
period to base a second period allocation. Such a
reallocation strategy could give firms greater
incentitve to keep emissions high, maintaining
their allocation. This argues for using some
much earlier period, such as 1995, to reallocate
emissions. Using such an early period, however,
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could miss entrants that came into the market
between 1995 and 2010.

The cap on industrial and electricity sector
emissions is quite a bit less than 1990 emissions
and even less than the modeling studies
presented in Chapter 2 estimate to be the most
cost-effective level of control for each sector.
This occurs because we use the carbon content of
natural gas, which has the lowest carbon content
of all fossil fuels, as the basis for allocating
permits. Under Option I, we assume that the
allocation to the industrial and electricity sectors
would be capped at about 510 MtClyr.
Compared to the Option | cap, Option IV’s
allocation cap is 430 MtC/yr. This difference
allows a significant allocation (perhaps 65
MtC/yr) to be dispensed to the industry most
adversely affected by carbon controls: the coal
industry. At 65 MtC/yr and a permit price of
$75/tC, the value of the allocation ($5 billion) is
about one quarter of the value of the coal
production sold domestically in 1990 ($19
billion). Option 1V’s cap also provides a large
number of permits (perhaps 15 MtC/yr) for
financing early reduction credits, creating
incentives for renewable energy generation and
energy conservation, and auctioning to new
entrants.

The allocation of permits back to coal producers
could take several forms. It could be a
permanent allocation, giving permits based on
historical coal production. Depending on the
value of these permits, there may be little
incentive left to stay in the coal business — an
advantage to some, but a disadvantage to others.
The allocation could be limited to a given time
period, such as for two budget periods (2008—
2012 and 2013-2017), after which the permits
could be placed in the auction pool. This
arrangement would provide some limited
compensation to coal producers, while allowing

government an eventual source of revenue from
the permit auction.

The allocation back to coal producers could also
take the form of a rolling average or other
mechanism that would only allocate permits to
producers active in the market. Such a proposal
would give coal producers some incentive to
continue producing coal if they wished to
continue to receive permits. Basing the original
allocation of permits on natural gas strikes a hard
blow to coal-fired electricity generators and
industrial coal users However, allotting permits
to coal producers using a rolling average may
lessen this impact. Because coal-fired electricity
producers and large industries are the only
significant consumers of coal, producers may be
forced to bundle their coal with carbon permits.

The differential treatment of industrial facilities
and electricity generators is important in terms of
its incentives for cogeneration. To provide a real
incentive for cogeneration, an output-based
allocation scheme incorporating the efficiency of
producing both electricity and steam is needed.
This alternative’s allocation does not provide
such an incentive.

Tradable Corporate Carbon Emissions Cap

Another difference between this system and
Option 1 is that the Corporate Carbon Emissions
(CCE) standard would provide a firmer cap on
carbon emissions from light-duty vehicles and
trucks. The design of this cap is modified from
DeCicco (1993). Under this system, each
automaker would be given an allocation of
current and future year permits representing the
future emissions commitment from autos
manufactured in that given year. Each
automaker’s emissions commitment would then
be determined by summing up their sales in each
class. Automakers would have the option of
purchasing permits from other automakers or
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from electricity generators or industrial sources
should the cars they manufacture represent a
higher emissions commitment than their
allocation, or they could sell permits should their
fleet represent a lower emissions commitment
than their allocation.

A key difference between the tradable CACE
described under Option | and the CCE proposed
for Option IV lies in how each is affected by
variations in  production. Purchases of
automobiles are much more variable than, for
example, the purchase of electricity. The CACE
proposed under Option | is less affected by
interannual variability, since the CACE is not
tied to the number of cars produced, just the
efficiency of these cars. For the capped CCE,
interannual variability could cause automakers to
either be short or have excess permits not due to
the efficiency standard, but caused by the
variability in production. In addition, the capped
CCE offers automakers the option of producing
fewer lower efficiency cars or a greater number
of high efficiency cars, a choice not available
under a corporate average. Finally, a CCE could
give automakers an extra incentive to produce
electric vehicles because emissions from such
vehicles would be covered by electricity
generators and not the automakers. Appendix 5
gives more background on the capped CCE, the
tradable CACE, and other types of standards.

As discussed in relation to the CACE system in
Option |, the cap on this sector’s emissions
would not fully take effect for many years. And
as discussed under Option I, we must carefully
craft the early years of the program to
compensate for the higher emissions that occur
when a smaller fraction of all autos are covered
under the cap. Using Davis’ analysis (Davis,
1997), about 77 percent of emissions would be
covered 10 years after CCE has been introduced.
In addition, because the emissions cap would be

based on an estimate of lifetime miles made at
the time of production, no real controls would
exist for the actual miles driven.

WTO issues

WTO issues raised by Option IV all stem from
permits given to large combustors, automobile
manufacturers, and coal extractors. The issues
associated with allocating permits to electricity
generators and large manufacturers have been
discussed under Option | with one difference:
since the allocation to large combustors under
Option IV is smaller, there is less likelihood
under this option that large combustors will
amass sufficient surplus permits to raise
subsidies issues.  Similarly, the issuance of
permits to automakers would not raise serious
WTO issues provided that fleet emissions are
forecast using methodologies that do not
discriminate against foreign manufacturers.

The preferential treatment afforded domestic
coal extractors, on the other hand, would raise
the subsidies issues discussed in connection with
the treatment of coal extractors under Option IlI,
aggravated by the fact that coal extractors under
Option IV would receive permits unencumbered
by regulatory obligations. In practice, the United
States is an insignificant importer of coal, so
foreign governments are not likely to bother
complaining of domestic coal subsidies on
import substitution grounds. The main risk of a
subsidies challenge would arise if, and to the
extent that, US coal extractors use revenues from
permit sales to cross-subsidize coal (or other
product) sales in foreign markets.
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COMPARISON OF CONTROL DESIGN
ALTERNATIVES

There are many ways to compare the alternative
control designs. In this section, we first make
some observations about their basic differences.
We then compare the alternatives in terms of
their ~ emissions  coverage. A more
comprehensive set of policy evaluation criteria to
compare the alternatives is under development.
Note that we have not explicitly evaluated
differences in the enforcement and monitoring
required for each option. The difficulty or ease
for the government to run each program is an
important component that needs further
examination.

Basic differences among alternatives

Table 3.10 displays a simple way to
conceptualize the differences among the basic
design elements of the options. The alternatives
vary in two ways. The first is in terms of whether
they cap carbon at fuel producers (Options Il and
1) or they cap CO, emissions from large
combustors and control more diffuse emissions
sources with standards (Options | and 1V). The
second is in terms of whether they are relatively
simple designs (Options | and 1) or whether they

reflect designs that could emerge from the
political process (Options Il and 1V). As shown
in this table, our designs encompass the range of
possible alternatives set out by these two factors.
These basic differences can help us begin to
assess what qualities in a given option make
them attractive to policymakers.

Options 11 and I11 are likely to be most attractive
to those who believe that fuel pricing
mechanisms are likely to lead to the most
desirable outcomes. (Although Option Il does
contain standards, its cap on fossil fuel carbon
production implies that a large degree of its
control will result from fuel pricing). Options I
and IV are likely to be most attractive to those
who believe that pricing mechanisms are most
effective with large firms, especially those with
large energy costs, but less so with individual
consumers and even firms where energy is only a
minor cost of doing business. Under these
options, manufacturers of energy consuming
technologies—cars, furnaces, refrigerators, and
so on—are either regulated through efficiency
standards or given economic incentives to
improve the efficiency of their

Table 3.10 Comparison of Control Options in Terms of Their Primary Control

Mechanism and Level of Complexity

Economy-wide

fuel carbon

cap and trade

Reliance on price signals
(fuel and electricity)

Relatively simple designs

Option 11

products. The notion here is that it may be more

Partial emissions cap;
Product standards for small
sources (some tradable)

Electricity price signals,
standards

Option |

efficient to provide incentives directly to, for
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example, auto manufacturers, to undertake
efficiency improvements than to rely on
consumers who are more sensitive to today’s
costs rather than tomorrow’s return on
investment.

The designs of several of the alternatives have
also been constrained by other aspects of the
policy environment or perceived institutional and
market “realities.” Thus, possibly the single
most attractive political aspect of Options I and
IV in comparison to the other two is that gasoline
prices are much less affected. Options Il and IlI,
because they cap carbon supplies, will cause a
direct increase in gasoline prices. The costs of
new cars must rise, of course, to pay for the
changes needed to improve efficiency, but these
latter costs may be more acceptable politically
than the former. Another aspect of Options | and
IV is that they rely heavily on electricity
generators. Electric utilities are accustomed to
trading pollution credits under the current Clean
Air Act and have both familiarity with energy
management programs and the trust and access to
residential and commercial customers who are
responsible for a large share of emissions.

Comparison of emissions coverage

Table 2.1 shows carbon dioxide emissions from
both combustion of primary fuels and electricity
use by end-use sector. This table can help assess
emissions coverage for the various control
designs in a broad sense. It shows that buildings
(residential plus commercial), industry, and
transportation are each responsible for about one-
third of total carbon emissions. However,
these numbers don’t correspond directly to our
options because large industrial combustors are
only a portion of total industrial emissions and
highway emissions are not the only

transportation emissions.  Tables 3.11-3.14
display carbon dioxide emissions by end use
within each major sector. These tables show a
finer level of detail from which to assess the
emissions coverage of the schemes. Figure 3.5
shows this same information graphically.

Coverage under Option |

Option | covers electricity producers and large
industrial combustors under an emissions cap.
Assuming that the criteria for defining a large
facility is written to capture 90 percent of
emissions from primary fuel used for boilers and
process heating, such a system would include a
little less than one half (48 percent) of total
carbon emissions under the cap.

Most of the rest of emissions would be covered
under controls on manufacturers of energy-
consuming equipment, for example,
manufacturers of cars and trucks.  These
standards cover about 35 percent of emissions,
for a total coverage of 83 percent of emissions
under the emissions cap and standards.
However, this leaves about 17 percent of
emissions uncovered. For example, Option |
would not cover all primary fuel combustion by
non-manufacturing industrial firms as well as
non-highway transportation emissions.

Option 1 also has some emissions sources
affected by both the cap and standards.
Specifically, efficiency standards on cooling,
lighting, and large appliances coupled with caps
on electricity sector emissions combine to create
two layers of coverage on these energy uses.
Residential and commercial electricity use for
equipment that would have standards associated
with  them (refrigerators, water heaters,

Table 3.11 Residential Carbon Emissions Broken Down by End Use and Energy Source

Carbon emissions

% %

Other breakdowns
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(million metric electricity primary
tons)
refrigerators (22%),
Lighting/refrigeration 108 100% 0% miscellaneous (22%),
/other appliances (7.8%) lighting (15%),
television (12%)
natural gas is largest
Space heating 98 21% 79% source of primary
(7.0%) energy emissions (69%
of primary energy)
natural gas is largest
Water heating 39 43% 57% source of primary
(2.8%) energy emissions (85%
of primary energy)
Air conditioning 23 100% 0%
(1.6%)
Notes: Electricity sector emissions account for conversion losses. Shown below the carbon
emissions is the percentage of total energy carbon emissions from each end use.

air conditioners, lighting) emit about 14 percent
of total emissions.  This number excludes
emissions due to electric motors, a portion of
which would also be covered by standards.
Uncertainties in assessing what types of electric
motors fall under EPCA standards (Department
of Energy, 1997) makes it difficult to ascertain
the percentage of machine drive emissions that
could be practically covered under an electric
motor standard.

Coverage under Option |1
Option 1l covers almost all potential emissions.
Although small sources of leakage are possible
(missed emissions during production or
transportation), the largest difficulty may be the
desire to exclude the non-emissive use of fossil
fuels for feedstocks from the control system.
About 14 percent of petroleum and 3 percent of
natural gas production ends up being used for
non-fuel purposes. However, a certain fraction
of that production eventually ends up as
emissions, with that fraction different for each
application. Current usage patterns results in

about 5 to 7 percent of carbon production being
sequestered. Policymakers may choose to
exempt carbon that will not end up as emissions
from the permitting system.

Coverage under Option 111
Option 11, like Option 11, is a supply-side design
covering almost all potential emissions. This
option also augments the cap with standards on
combustion equipment. The amount of
emissions covered by both standards and the
emissions cap is higher than in Option I.
Efficiency standards on autos, trucks, space
heating, cooling, lighting, and large appliances
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Table 3.12 Commercial Sector Carbon Emissions Broken Down by End Use and Energy
Source
Carbon emissions % % Other breakdowns
(million metric electricity primary
tons)
Lighting 74 100% 0%
(5.3%)
hot water heaters
Other 68 52% 48% (37%), miscellaneous
(4.9%) (22%), office
equipment (19%)
cooling makes up
Cooling/ventilation 39 100% 0% 73% of emissions,
(2.8%) ventilation 27%
natural gas is largest
Space heating 33 27% 73% source of primary
(2.4%) energy emissions
(69% of primary
energy)
Notes: Electricity sector emissions account for conversion losses. Shown below the carbon
emissions is the percentage of total energy carbon emissions from each end use.

manufacturers, coupled with caps on primary
fuel carbon, cover about 50 percent of emissions
sources.

Coverage under Option IV

Option 1V, like Option 1, places a partial cap on
combustion. However, this cap is extended to
include a loose cap on auto and truck emissions.
As discussed earlier, the cap on vehicle
emissions requires a long phase-in period and is
more uncertain than the electricity producers and
industrial  portion. Including all vehicle
emissions raises the emissions covered by the
cap to 73 percent. Again, as with Option I, total
coverage adds up to 83 percent, and about 14
percent of total emissions are covered by both
standards and the cap.

ADDITIONS TO A DOMESTIC PERMIT
TRADING SYSTEM

The above descriptions have dealt solely with
domestic carbon dioxide emissions from energy
consumption. However, both the
Administration’s proposal and the Kyoto
Protocol allow multiple greenhouse gases,
deliberate carbon sequestration, and international
reductions to be part of an eventual control
program. These additions are listed in the tables
describing control alternatives. If funding
permits, our future work will examine how to
incorporate these features into the control
options. Here, we provide a short synopsis of
multiple greenhouse gas emissions and the
linkage to the international system.

The Heinz Center
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Table 3.13 Industrial Sector Carbon Emissions Broken Down by End Use and Energy
Source
Carbon emissions % % Other breakdowns
(million metric electricity primary
tons)
Machine drive 115 97% 3%
(8.2%)
natural gas (50%) and
Boiler fuels 93 0% 100% coal (37%) are largest
(6.7%) sources of emissions
Non-manufacturing
industrial 93 40% 60% includes some
(construction, (6.6%) transportation
mining, agricultural, emissions
fishing, and forestry
natural gas is largest
Process heat 83 0% 100% source of primary
(5.9%) energy emission
electro-chemical,
Other manufacturing 80 27% 73% miscellaneous, non-
(5.7%) process energy use
Notes: Electricity sector emissions account for conversion losses. Shown below the carbon
emissions is the percentage of total energy carbon emissions from each end use.

Multiple Greenhouse Gases

The Kyoto Protocol sets out carbon emissions
caps for developed countries based on the
aggregate emissions of six categories of
greenhouse gases: carbon dioxide, methane,
nitrous oxide, hydrofluorocarbons,
perfluorocarbons, and sulfur hexafluoride. At
the Third Conference of the Parties to the
Framework Convention on Climate Change (the
same conference that negotiated the Kyoto
Protocol), it was decided that the total emissions
will be calculated in terms of carbon dioxide
equivalents, using the 100-year global warming

potentials for each of the gases. Including other
greenhouse gases is important because there may
be some emissions reductions opportunities for
these gases that would be more cost effective
than obtaining additional carbon reductions.

The Protocol also authorizes developed countries
to engage in emissions trading among themselves
and with developing countries without caps. The
United States argued in the Kyoto negotiations
for multigas targets and emissions trading
because these items confer economic and
environmental advantages.



Designs for Domestic Emissions Trading

International multigas trading offers greater

flexibility in meeting the targets at lower cost

73

Table 3.14 Transportation Sector Carbon Emissions Broken Down by End Use and Energy
Source
Carbon emissions % % Other breakdowns
(million metric electricity primary
tons)
Light duty vehicles 274 0% 100% autos (68%), light
(19.6%) duty trucks (32%)
Freight trucks and 73 0% 100% freight trucks (95%),
buses (5.2%) buses (5%)
Other transportation 63 23% 77% ships (48%), pipelines
(4.6%) (33%), rail (18%)
Airplanes 40 0% 100%
(2.8%)
Notes: Electricity sector emissions account for conversion losses. Shown below the carbon
emissions is the percentage of total energy carbon emissions from each end use.

and ensures that growing sources of gases are
controlled using market-based incentives (rather
than regulatory limitations).

Within this international framework, the United
States may choose to implement multigas trading
among domestic entities on a source-by-source
basis. Some sources of emissions may be more
amenable to inclusion in a cap and trade program
while others are better managed through
voluntary means or regulatory programs.

Some sources are clearly amenable to inclusion
in a domestic trading program because emissions
are already monitored and reductions in
emissions can be derived on a site-by-site basis.
For example, electricity generators also emit
non-CO, greenhouse gases (such as methane and
nitrous oxide) as a byproduct of fossil fuel

consumption. Other greenhouse gas emitters,
such as industrial producers of certain gases or
products, may also be few in number and have
emissions that are easily monitored.

A second group is made up of sources whose
emissions are amenable to tracking and
monitoring but currently are not. For example,
methane from landfills is readily collected and
either used for energy purposes or flared. These
types of sources could engage in emissions
trading (e.g., on an opt-in basis), based on the
easily measured emissions reductions.

Finally, some sources are not good candidates for
inclusion in a carbon trading program and
perhaps more suitable for voluntary or regulatory
measures. Such sources are large in number
(e.g., tens of thousands or more) and/or
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I ) ] lighting/refrigeration/other appliances
Residential heating
water heating
I air conditjoning
: ] commercial lighting
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coolihg/ventilation
I ] machine drive
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non-manufacturing industrial
process heat
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Figure 3.5 Percentage of Carbon Dioxide Emissions Resulting from Major End Use Categories

Notes: This figure displays emissions resulting from primary fuel and electricity usage and is keyed to
1994 energy use data. This figure uses information from the Energy Information Agency (1994,
1995b; 1997a; 1997b), the Office of Technology Assessment (1993), and Davis (1997).

have emissions and emissions reductions that are
not readily verifiable. For example, agricultural
use of fertilizer generates nitrous oxide but
emissions and emissions reductions from specific
end uses are not readily measurable.

As further work is conducted on a source-by-
source basis for emitters of these non-CO; gases,
the trading designs illustrated in this paper can
readily accommodate additional participants.
Inclusion of appropriate sources of non-CO,
gases in a domestic trading system can, in many
cases, provide greater flexibility to firms who
emit multiple gases and provide more
opportunities for cost-effective reductions in
emissions.

International reductions

The linkage with an international system will
obviously depend upon the rules for who can
participate in trading and how much trading is
allowed under the international system. The
Kyoto Protocol deals with trading among Annex
| countries in Articles 6 and 17. It also allows
parties to jointly fulfill their reduction
commitments under Article 4 (a EU-like
umbrella that the US could form with countries
such as the Organization for Economic Co-
Operation and Development (OECD) Pacific
nations, Canada, and Russia to assign differential
reduction responsibilities while still meeting a
joint reduction goal). Although Article 17 makes
no mention of private companies participating in
trading, Article 6 does. Article 6 is a form of
joint implementation for Annex | countries. It
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states that “A party included in Annex | may
authorize legal entities to participate, under its
responsibility, in actions leading to the
generation, transfer, or acquisitions” of
emissions reductions. The United States may
also encourage similar language associated with
Article 17, allowing private entities to obtain
emissions reductions overseas. Article 12, the
Clean Development Mechanism, provides a way
for private entities to obtain reductions from non-
Annex | countries.

Such language makes it likely that private
companies who are unable to meet their
reduction responsibilities internally  or
domestically could go overseas to obtain
emissions credits. However, it is clear that some
groups want limits to the amount of credits that
can be obtained internationally. Articles 6 and
17 both state that “any such trading shall be
supplemental to domestic actions for the purpose
of meeting quantified emissions limitation and
reduction commitments....” Future negotiations
will determine the exact meaning of the term
“supplemental”.

Under Options | and IV, the federal government
may be the party that will purchase permits
internationally.  Under these options and an
international trading system, the United States
could verify if the capped portion of emissions
(large combustors and, for Option 1V,
automobiles)  meets  their  requirements.
However, if, at the end of the budget period, the
standards do not achieve hoped for reductions,
the federal government would have to purchase
permits internationally. Such a system could
help create a soft landing for the United States
under a hybrid control system, allowing overseas
reductions to be used to meet the cap while
waiting for equipment turnover to occur.
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APPENDIX 1
NOTES ON MODIFICATIONS TO THE INTERLAB SCENARIOS

1. For the buildings sector, total energy use and
carbon emissions are the same as in Chapter 3 of
the Interlab study for both scenarios, but
renewables are specifically identified here. The
Interlab Group had lumped renewables (0.6
quads, mostly firewood, in 1990) with fossil fuel,
although the carbon emissions had been
calculated correctly. Specific fossil fuel use was
determined from Appendix C-2 of the Interlab
study.

2. For the industry sector analysis, the quantities
of fossil fuels listed were provided by Gale Boyd
of Argonne National Laboratory. These numbers
differ slightly from those in the report because a
small error was detected in the study’s computer
calculations.  The carbon emissions of the
Interlab report (Chapter 4) are used, but the
stated assumption with regards to energy
sequestering had to be modified to attain a better
balance. For both scenarios, six quads of oil
were reserved for nonenergy use and said not to
contribute to carbon emissions. However, when
the carbon emissions for the three fossil fuels
were totaled, in both scenarios they were too low
by about 15 MtC. It is assumed here that the
sequestered fuel is about 5.3 instead of 6 quads.
Not all nonenergy carbon stays sequestered, and
that factor may have been reflected in the model
but not reported. The use of renewables was
increased from the Interlab report to be
consistent with EIA historical data, but that does
not affect carbon emissions.

3. Energy and carbon emissions for the
transportation sector were taken from table 5.8 of
the Interlab report. Motor gasoline, distillate, jet
fuel, and residual are oil products. The 2.1 quad
“other” in Table 5.8 for the low carbon scenario

consists of 1.0 quads of gas (used in pipeline
compressors, which will have to increase to
handle the increased gas transmission,) 0.9
miscellaneous oil products, and 0.2 of other
renewables. Renewables total 0.9 quads when
this is added to the cellulosic ethanol. Most
renewables are used as fuel additives. In the
uncontrolled case, oil use rises substantially and
renewables decline, mostly because the initiative
to pursue cellulosic ethanol would be
insufficiently vigorous.

4. The Interlab calculations for electricity
(chapters 6 and 7) were complex and not entirely
consistent. Chapter 6 considers carbon-based
dispatch of generation and conservation
measures to reduce demand. Chapter 7 addresses
fuel switching by generators. However, the two
chapters are not closely linked even in the
summary. Nowhere is a table included showing
how the electric industry will meet demand while
meeting its carbon budget, and apparently that
calculation was not made. Where the buildings
and industry sector chapters report carbon
emissions from electricity, that is based on the
carbon intensities reported in Chapter 6, ignoring
the decarbonization in Chapter 7. Furthermore,
all fossil fuels are lumped together, with no data
on individual energy contributions or carbon
emissions.

The numbers used in the low carbon scenario in
Table 2.2 of this report were derived starting
from the allowable carbon emissions. The other
sectors are responsible for a total of 973 MtC,
which is 372 less than the goal of 1346 MtC.

Therefore, 372 MtC is the target for the electric
sector. Because the total load is known (3420
TWh from 31.8 quads in table 6.4), division of
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the 372 MtC among the three fossil fuels must
follow determination of the load generated with
fossil fuel, which must generate all the power
that the noncarbon fuels do not. According to
Chapter 7 of the Interlab report, improved
nuclear operations should compensate for the
few closures of reactors expected by 2010, so
assume the same 7.1 quads as 1996. Renewables
could add about 280 TWh (Table 7.5) which is
equivalent to about 2.6 quads. If we add this
number to the 3.9 of 1996, the yield is 6.5 for
renewables. Total nonfossil energy (nuclear plus
renewables) is then 13.6 quads. At an average
heat rate of 10,370 BTU/kwh, this energy could
produce 1310 TWh, leaving 2110 TWh for fossil
fuel. Oil is likely to continue its rapid decline, so
assume only 0.3 quads yielding 30 TWh and 6
MtC. Thus, coal and gas must produce 2080
TWh and emit 366 MtC. This analysis assumes
that the average generator in 2010 produces 101
TWh per quad of coal and 133 TWh per quad of
gas (values derived from the data in the
appendices for the equipment used in 2010).
Because all other values have been assigned, the
two unknown quantities of coal and gas can be
calculated:

101C + 133G = 2080

25.7C +14.47G = 366
These simultaneous equations are solved for C=
9.5 quads and G = 8.4 quads. The 2.6 quads of
additional renewable energy may be optimistic
although it appears feasible if it becomes a
national priority. If it proves impractical to
achieve that level, more natural gas would have
to used, replacing even more coal.

For the Uncontrolled Case, total energy and
carbon emissions are as reported in the Interlab
report. Coal and gas generate shares as listed in
Table 6.4, and the heat rates are as in the
controlled case. OQil is assumed to decline even
more, to 0.1 quads for competitive reasons.

5. Several minor inconsistencies between the
summary and the sector chapters were resolved
by wusing the detailed sector information
wherever possible.
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APPENDIX 2
ALLOCATION OF EMISSIONS REDUCTIONS IN TABLE 2.6

Three ways to reduce carbon emissions from
fossil fuel combustion without curtailing
activities are as follows:

» Improve efficiency of energy use

» Convert to noncarbon fuels

» Convert to natural gas.

Set out below is an explanation of the accounting
for the Interlab numbers in Table 2.6 of this
report. The methodology for obtaining EPA/DRI
and DOE/NEMS results is similar to that used
for the Interlab’s results. Most of the numbers
are directly from the Differences parts of Table
2.2, but in some cases, allocations among
efficiency, low-carbon  and noncarbon
conversions were necessary.

Most of the 3 MtC from residential buildings
and 6 MtC from commercial buildings is related
to efficiency improvements. Some fuel
switching is expected from oil to gas, but that
will be ignored here because the impact is small.

Of the 35 MtC from industry, 6 MtC is from
increasing use of nonfossil fuels (0.3 quads
replacing oil and coal). There is very little

conversion to natural gas because gas
consumption has declined significantly.
Efficiency accounts for 29 MtC.

Transportation’s 104 MtC is 12 from

noncarbon fuels (0.6 quads additional alcohol
displacing oil) and the remainder, 92 quads, from
efficiency.

The electric sector’s total reduction of 258 MtC
is a result of both user efficiency improvements
(4020 TWh in the base case down to 3420 TWh)

and generation decarbonization . It is
apportioned between the two trends (using a
cross-averaging technique) as 88 MtC from
efficiency and 170 from decarbonization. The
latter is again divided between noncarbon
replacements (5.2 quads worth 152 MtC at the
average remaining carbon intensity) and low-
carbon fuels (the remaining 18 MtC). Even
though the use of natural gas for electricity
generation is lower in the controlled case than in
the base case, it is higher than in 1996.
Therefore there will be opportunities for
conversion from coal.

Thus, the totals are:
Efficiency 218

Noncarbon 148
Natural gas 40
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APPENDIX 3
MEASURES TO REDUCE EMISSIONS BY SECTOR

This appendix presents specific actions that
result in the changes discussed in Chapter 2. It
draws largely on the Interlab report for its
discussion of technologies. “Cost effective”
refers to energy with the $50 per metric ton
carbon permit price, not to today’s energy price.
The Interlab results also imply aggressive
implementation of nonprice policies (e.g.,
efficiency standards) for some sectors such as
buildings and transportation.

Buildings (Residential and Commercial)

Fossil fuel is mainly used in buildings for
heating, hot water, and cooking. Electricity is
also used for these purposes and for cooling,
lighting, refrigeration, and other electric
equipment.

Heating and cooling services depend on the
efficiency of the building envelope. It is fairly
easy to design new buildings to be highly energy
efficient. In fact, if passive solar features are
included, heating and cooling requirements can
be almost negligible. However, two factors will
limit the gains that can be expected from new
construction.  First, some people will be
unwilling to accept unusual designs or additional
capital costs for efficiency improvements no
matter how much they save on a life cycle basis,
and some builders will not be willing to
incorporate them. Second, new construction in
any year represents only a small percentage of
existing stock, and turnover is very low.
Therefore, the building stock in 2010 will not
change greatly from the current stock. Overall,
more energy can be saved with efficiency
retrofits in existing buildings than by new
building replacements over the time frame of this
study.

Retrofits such as caulking, additional insulation,
and storm windows have been available for many
decades. Many people undertook these measures
in the 1970’s and 1980’s in response to higher
energy prices. Many more buildings could still
be usefully retrofitted now.

Improving the efficiency of equipment is even
more important than improving the building
shell, in part because equipment is replaced
much faster. Most of the refrigerators, air
conditioners, washing machines, etc., that exist
now will be replaced by 2010. If efficiency
improvements can be incorporated by 2002, a
large fraction of the equipment in service in 2010
will reflect these changes.

Table A.1 lists the significant energy-consuming
items in the residential sector and the carbon
emissions attributed to that usage for the base
case and controlled case. Table A.2 does the
same for the commercial sector. For example,
residential gas water heaters currently consume
1.4 quads of energy. In 2010, 30 percent of all
existing water heaters will still be in use. These
heaters consume about 33.6 million BTU
(MMBTU) annually on the average. The typical
new unit available now consumes 29.7 MMBTU;
thus, the average of all operating models will
decline as existing units are replaced. In
addition, advanced units with improved
insulation, electric ignition, and flue dampers
with per unit energy consumption of 23
MMBtu/year may become available.

A new gas heater with these energy-efficient
features would cost about $126 more than a
typical new unit. The purchaser would spend
$2.15 for every MMBtu saved amortized over
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Table A.1 Residential Energy End-Uses and Carbon Emissions in 2010
Primary EnergyUse (Quads) Carbon Emissions (MtC)

Fuel End-Use Base Controlled Base Controlled Reduction
Electricity Space heating 1.40 1.28 23 21

Space Cooling 1.43 1.31 23 21

Water heating 1.11 0.90 18 14

Refrigeration 0.90 0.82 15 13

Cooking 0.41 0.38 7 6

Clothes Dryer 0.61 0.52 10 8

Freezers 0.23 0.20 4 3

Lighting 1.02 0.67 17 9

Other uses 5.89 4.66 97 71

Total electric 13.00 10.76 213 167 46
Natural Space heating 3.88 3.81 56 55
Gas Space cooling 0.02 0.02 0 0

Water heating 1.39 1.27 20 18

Cooking 0.14 0.16 2 2

Clothes dryer 0.05 0.09 1 1

Other uses 0.10 0.09 1 1

Total gas 5.58 5.44 81 79 2
Distillate Space heating 0.65 0.63 13 13
Oil Water heating 0.10 0.09 2 2

Other uses 0.00 0.00 0 0

Total oil 0.75 0.72 15 14 1
LPG Space heating 0.32 0.31 5 5

Water heating 0.09 0.08 2 1

Cooking 0.03 0.03 1 0

Other uses 0.01 0.01 0 0

Total LPG 0.45 0.43 8 7 1
Coal, etc. Total Coal 0.11 0.11 2 2 0
Grand Total 20.44 18.01 319 269 50
Note: Electricity energy values modified to include losses in generation and transmission. These
numbers are from a less aggressive projection than the high-efficiency, low-carbon scenario, but the
relative changes should be proportional.
Source: Scenarios of U.S Carbon Reduction, Interlaboratory Working Group, Appendix C-2, Table C-
2.5.b.

The Heinz Center



A. 6 Appendix 3 - Measures to Reduce Emissions by Sector

Table A.2 Commercial Energy End-uses and Carbon Emissions

Fuel
Electricity

Natural
Gas

Distillate
Qil

Coal, etc.

Grand Total

End-Use
Space heating
Space cooling
Water heating
Ventilation
Cooking
Lighting
Refrigeration
Office PCs
Office other
equipment
Other uses
Total electricity

Space heating

Space cooling
Water heating
Cooking
Other uses
Total gas

Space heating
Water heating
Other uses

Total oil

Total coal

Primary Energy Use (Quads) Carbon Emissions (MtC)

Base  Controlled Base Controlled Difference
0.35 0.29 6 4

1.52 1.26 25 19

0.41 0.38 7 6

0.55 0.47 9 7

0.09 0.09 1 1

3.85 3.33 63 52

0.47 0.38 8 6

0.29 0.29 5 5

0.73 0.73 12 12

3.15 2.49 52 38

11.40 9.71 187 151 36
1.36 1.16 20 17

0.03 0.02 0 0

0.52 0.47 8 7

0.23 0.23 3 3

1.40 1.31 20 19

3.54 3.20 51 46 5
0.16 0.14 3 3

0.05 0.05 1 1

0.14 0.13 3 3

0.35 0.32 7 6 1
0.34 0.34 7 7 0
15.63 13.57 252 211 41

Note: Electricity energy values modified to include losses in generation and transmission. These
numbers are from a less aggressive projection than the high-efficiency, low-carbon scenario, but the
relative changes should be proportional.

Source: Scenarios of U.S Carbon Reduction, Interlaboratory Working Group, Appendix C-2, Table C-

2.6.b.
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the lifetime of the equipment'.  For most
consumers, this spending would be a profitable
investment (a typical marginal cost for gas might
be $6.00/MMBtu). However, consumers may
still be unable to overcome possible uncertainties
regarding the investment’s value and possible
increased maintenance costs. In addition, the
customer must first know about the options and
be in a position to purchase it. That may not be
possible in new house construction (where the
developer sells already completed houses) and
rental units. In such cases, the decisionmaker
may be more interested in lower capital costs
than in operating costs.

The Interlab high efficiency scenario for 2010
assumes that the achievable adoption level is 65
percent of maximum cost-effective levels, (using
a 7 percent discount rate, a questionable
assumption.) Individual consumers also may
require financial incentives and other policy
initiatives such as public information or
equipment standards to play their part in making
this level of adoption materialize. The control
policies discussed in the Chapter 3 of this report
should be judged on the basis of whether they are
likely to prove adequate.

Industry

Energy use in the industrial sector is complex.
The five most energy-intensive industries
(Petroleum and Coal Products; Paper;
Chemicals; Primary Metals; and Stone, Clay and
Glass Products) are described in Box A-1. In
addition, light manufacturing and
nonmanufacturing  (mining, agriculture) are
included in this sector.

The industrial sector made remarkable progress

! Interlab Study on U.S. Energy Efficiency and
Greenhouse Gas Emissions, Appendix C-3. Energy
Efficiency Calculations, page B-3.7.

in energy efficiency in the 1970’s and 1980’s in
response to higher prices and concerns over
reliability of supply. Fossil fuel use was lower in
1996 than in 1973, and electricity use climbed
only about 10 percent. In that period, industrial
output rose substantially.

The controlled scenario expects some additional
efficiency improvements (2.4 quads of fossil fuel
and 2.1 quads of electricity; see Table 2.2)
relative to the uncontrolled scenario, but no
massive savings. Heavy manufacturing has less
potential for increased efficiency than light
industry because the higher cost of energy has
led to a continuous search for improvements. In
addition, light industry is growing faster than
heavy manufacturing. An estimate for the
overall savings available is shown in Table A.3.
Improvements include simple housekeeping
measures (cleaning steam traps), installing
insulation on pipes and walls, better burners for
boilers and furnaces, more efficient electric
motors, and improved processes.

Additional carbon equivalent emission savings
may come from low carbon technologies. Some
companies have installed co-generation units for
combined heat and power production, a process
that greatly reduces the waste heat rejection of
separate generating units. Co-generation could
be greatly expanded, especially with the advent
of competition in the electric power industry.

Fuel switching to gas or biomass fuels would
also reduce emissions of CO, . Process changes
can also result in lower CO, emissions from
sources other than fossil fuel combustion. For
example, aluminum reduction cells consume a
carbon anode in the process of reducing
aluminum oxide to aluminum metal, releasing
CO,. The development of a cost-effective inert
anode  would eliminate  this  source.

The Heinz Center
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Box A-1
Energy-Intensive Industries

Listed below are the five most energy-intensive industries according to the 1994 Manufacturing Energy
Consumption Survey (MECS) in descending order.

Petroleum and Coal Products. The major activity in this industry is converting crude petroleum into the
petroleum products widely used in our economy such as gasoline, diesel, fuel oil, and lubricants. The process is
a complex one. First, crude is separated into different products. Then, these components are recombined into
the desired products. The separation is done through distillation and cracking that requires high temperatures
and pressures, and is affected by the density of the original crude. Environmental considerations have greatly
increased the complexity of this process, as reformulated and oxygenated fuels are increasingly needed to
assure clean air quality. Another factor that accounts for increased energy use in this industry is the declining
availability of light crude and the greater processing requirements for heavy crude. Petroleum refining is the
most energy-intensive industry with an intensity of 44.3 Thtu/$.

Paper and Allied Products. This industry converts fiber, usually from wood, into paper, pulp, or paperboard,
and then into a variety of products. The process begins with wood, which is first debarked and chipped, then
either mechanically or chemically reduced to a slurry that is bleached, then formed into pulp, paper, or board.
Though paper making is a very energy-intensive process, much of the energy used is derived from the biomass
that is the basic feedstock for the process. The Forest Products Vision process combines this industry with
wood products manufacturing, which includes saw mills, plywood mills, and engineered wood products. In
1994, energy intensity was 18.5 Thtu/$.

Chemical and Allied Products. The major segments of this industry are basic chemicals; resins, synthetic
rubber, and manmade fibers; pesticides, fertilizer, and other agricultural chemicals; pharmaceuticals and
medicines; paints, coatings, sealants, and adhesives; soap, cleaning compounds, and toilet preparations; and
other chemical products. Basic chemical production includes petrochemicals, industrial gases, and other
inorganic chemicals, and other organic chemical manufacture. Basic chemical production uses the bulk of the
energy required by this industry and creates the largest volume of products. In all of chemical manufacturing,
heat and pressure are used to separate and combine chemical building blocks into saleable products, either for
final consumers or to other manufacturing. In 1994, energy intensity was 16.0 Thtu/$. When only basic
chemicals are considered, the intensity is about twice as high.

on the basis of horsepower and other features
rather than gas mileage, reflecting changes in

Each industry is unique in many ways, and
changes must be tailored to meet specific

conditions. Some technologies are common to  customer priorities. Major reductions in energy
all, such as electric motors, boilers, and consumption could be gained in the
combined heat and power. transportation sector if manufacturers

incorporated technologies now available, and if

Transportation

All major forms of transportation have become
much more energy efficient over the past twenty-
five years, but this trend has largely leveled off.
Both automobiles and trucks are now sold more

customers favored highly efficient cars. Further
reductions in carbon emissions could be obtained
by using alcohol and other nonfossil fuels
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Primary Metals. This industry includes the production of iron and steel, aluminum, and a variety of
nonferrous metals—Ilead, copper, and zinc are the most important. The production of iron and steel falls into
three subindustries. Integrated producers transform iron ore into pig iron, then convert this to steel. The refined
steel is cast or rolled into primary products such as sheet, bars, and billets. Specialty steel producers convert
pig iron or steel products such as stainless and other alloy steels. Minimills produce primary steel products
from scrap steel, usually in an electric arc furnace. Aluminum producers convert alumina (aluminum oxide)
into aluminum metal using an electrolytic process. The major producers also convert ore, usually bauxite, into
alumina, but the operation falls within the chemical industry classification. The intensity of this industry in
1994 was 15.3 Thtu/$.

Stone, Clay, and Glass Products. Nonmetallic mineral products includes cement, glass, bricks, lime, and
other stone and ceramic products. Pyroprocessing, or the application of heat to assure a chemical reaction, is
required in most of these subindustries, which is what makes them so energy-intensive. Cement and lime are
formed at high temperatures in a kiln; glass is produced by melting silica sand; bricks, china, and pottery are

just clay until fired. The intensity of this industry is 13.3 Tbtu/$.

Source: Interlaboratory Working Group, Scenarios of U.S. Carbon Reductions, p. 4.3.

(possibly including hydrogen.) Five quads of
fossil fuel are expected to be saved in the Interlab
scenario relative to the uncontrolled scenario,
mostly via improved economy but with some
alternative fuel.

Near-term to increase vehicle economy include
weight reduction, aerodynamic drag reduction,
reduced engine losses, and improved automatic
transmissions and tires. Some advanced
technologies could be introduced in time to
contribute to meeting the 2010 goal, including
direct-injection stratified charge (DISC) gasoline
engines and perhaps gasoline/electric and
diesel/electric hybrid vehicles. Table A.4 shows
some of the most promising technologies and
how they might contribute contribution to
improving fuel economy.  This table also
includes some safety enhancements that would
have negative implications for economy.

The Interlab report estimates new car average
fuel economy in 2010 at 43.1 mpg, up from 27.5

now and 27.8 in the Base Case. This number
represents an optimistic level, especially
considering that the main contributor to
improved economy in Table A.4 is the diesel
hybrid, a technology that is not at all certain to be
ready by 2010. Table A.4, however, focuses on
technologies that would contribute the most to
fuel economy, if they are successful. Other
technologies, such as the DISC engine or battery
electric vehicles, are likely to succeed, so this
projection has insurance policies for its
breakthrough assumptions.  Furthermore, the
Partnership for New Generation Vehicles (a
government/industry  collaborative  research
program) has even higher goals (80 mpg for a
family-size sedan in prototype production by
2004.)

EPA/DRI predicts 31.4 and DOE/NEMS 35.2
mpg in their stabilization runs, versus 29.2 and
31.4 mpg in their base cases. Interlab is much
higher at least in part because it has a different
approach to the analysis. Improvements are

The Heinz Center
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Table A.3 Industry-Specific Reductions in
Carbon Emissions (MtC)
Electric Fossil Total
Heavy 5.9 14.8 20.6
Manufacturing
Pulp & 1 2.3 3.3
paper
Bulk 1.9 3.2 5.1
chemicals
Petroleum 0.6 5.2 5.8
Glass 0.2 0.3 0.5
Cement 0.1 0.5 0.6
Iron & steel 1.1 2.3 3.4
Aluminum 04 0 04
Other 0.6 0.9 15
Light 17.8 9.7 27.4
Manufacturing
Non- 3.4 10.4 13.8
manufacturing
Total 27 34.9 61.9
Note: These numbers are from a less aggressive
projection than the high-efficiency, low-carbon
scenario, but the relative changes should be
proportional.
Source: Interlaboratory Working Group,
Scenarios of U.S. Carbon Emissions, Table 4.6.

implemented in EPA/DRI and DOE/NEMS
according to a simulation of individual
decisionmaking based on presumed price
elasticities (which appear to differ considerably
between the two studies.) Price is the only
mechanism for promoting energy efficiency
considered explicitly in these models. The
Interlab approach is to determine whether an
improvement is cost-effective and then to
implement it in accordance with historical rates
for innovative technologies. Interlab notes that

to obtain these high penetration rates, other
policies would be required, such as a higher
CAFE or revenue-neutral feebates (a tax on low-
mileage cars that is used for rebates on high-
mileage cars), but the report does not elaborate
on what the results of specific policies would be.
In addition, R&D would have to be increased
substantially from current levels. It is interesting
to note that Interlab is more pessimistic than the
others for the base case, in its assumption that
fuel economy will experience essentially no gain.
This assumption is more consistent with recent
trends than the increases postulated in EPA/DRI
and DOE/NEMS.

Alternative fuels have even more potential for
reducing CO, emissions. At present, alternative
fuels represent only a tiny fraction of all the fuel
sold, mostly as additives to gasoline. In
particular, ethanol from cellulosic biomass (plant
material such as wood, agricultural residues, and
municipal wastes instead of the commonly used
grain) could approach (but not reach) the price of
gasoline on an energy basis by 2010. At the
expected price, ethanol would still be used as a
blending agent (to increase the octane of gasoline
and reduce emissions of regulated air pollutants).
With additional price and other incentives,
ethanol could be an independent fuel, but that is
not likely to happen before 2010.

Table A5 compares the carbon emissions
expected in 2010 with those of 1997 by transport
mode. More than half the emissions and 70
percent of the reductions are expected from light-
duty vehicles. New car economy is expected to
rise from 27.5 now to 43.1 miles per gallon.

Making the necessary changes would add about
$900 to the cost of the car.
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Table A.4 Maximum Transportation Fuel Economy Gains from New Technology in 2010

Technology Fuel Economy
Improvement (%)

Material substitution
Drag reduction
Engine friction
Tires
ACC
Electric transmission
Electric power steering
Diesel hybrid
Safety/Environmental
Air bags
ABS
Side-impact protection
Roof crush protection
Air Emissions Standards

Total % improvement

9.9
9.2
5.0
5.0
1.0
1.5
1.5
54.0

-1.0
-0.5
-0.5

0.3
-1.0

100.0

Notes: The percentage improvement amounts refers to the current 27.5 mpg. These technologies, if
fully implemented, could result in a 55 mpg average automobile (100% more efficient than now).
Total improvement is calculated with diesel/hybrid separate from other changes: =[(1+.54)(1+.3)-

1]*100.

Source: Interlaboratory Working Group, Scenarios of U.S. Carbon Reductions, Table 5.3.

Even at an implicit discount rate of 20 percent?,

2 New cars are owned by the initial purchaser for about
four years. During this time, much of the car’s value has
depreciated, including any additional investment for
improved economy. Therefore, most of that investment
has to be paid off within the first four years in order to
interest the initial purchaser, although it will continue to
provide benefits for the remainder of the car’s lifetime.
This factor raises the discount rate for those future benefits
beyond the level the purchaser might apply to other,

this investment would be cost-effective (at the
assumed $1.20 price of gasoline.)

Electricity

More reductions in CO, emissions are expected
from this sector than all others combined in all
three analyses. Of the total reduction of 406

longer-term investments.
The Heinz Center
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MtC expected by Interlab, 258 are attributed to
electricity. As shown in Table 2.6, 88 MtC result
from customer demand reductions in the

Table A.5 Carbon Emissions (MtC) by
Transportation Mode

1997 Base control Red
Light-duty 279 346 273 73
vehicles
Freight trucks 73 95 81 14
Freight rail 9 10 7 3
Shipping 31 43 42 1

Air transport 60 84 70 14
Military, transit, 35 39 39 0
other

Total 487 616 512 104
Source: Interlaboratory Working Group,
Scenarios of U.S. Carbon Reductions Table 5.11.

buildings and industry sectors. The electric
sector is directly responsible for the other 170
MtC. Most would come from replacement of
coal by renewable technologies such as biomass,
wind, and from capture of landfill methane.
Extended nuclear plant life would serve the same
noncarbon role, at least for a few years, but the
effect is small and temporary.  Together,
renewables and nuclear in the Interlab scenario
lead to a reduction of 130 MtC. Another 40 MtC
would come from switching from coal to gas. In
the IAT scenarios, fuel switching from coal to
gas is more important than switching to
renewables, presumably because of assumptions
regarding the economics of renewable
technology.

Over the past twenty years, improved end-use
efficiency has been in the interests of both the
utilities and their customers. Customers saved
money through lower electric bills, and utilities
avoided having to build expensive new plants.
Many utilities instituted demand side
management (DSM) programs to  assist

customers in finding and installing energy-
efficiency equipment. However, it is not at all
clear that this situation will continue. As
discussed in Box A-2, increasing competition in
the electric power industry already is diminishing
utility interest in these programs. We may need
to find alternative means to motivate consumers
to make the investments necessary to achieve the
88 MtC reductions due to lower electric demand
(see also Box 2-4).

Noncarbon fuels are particularly effective
because every quad of coal they replace reduces
emissions by about 25 MtC. No single
renewable technology will be very important, but
collectively they could exceed 10 percent of
generation by 2010 and grow rapidly thereafter.
Table A.6 shows estimates of potential
contributions to reductions.  Hydroelectric
power is by far the largest renewable source
currently. Although we could expand this area,
many of the potential sites present environmental
concerns.  Furthermore, accommodating other
uses of the facility (e.g., flood control,
recreation) may limit the amount of power that
can be generated. Note also that hydroelectric
generation is highly dependent on rainfall, and
the major hydro areas, such as the Northwest,
may see reduced rainfall as a result of climate
change.

Biomass, mostly in the form of wood burned for
co-generation in the forest products industry, is
the second largest renewable energy source.
Biomass as fuel for electric generation could
grow about 50 percent by 2010, to about 65
TWh?®, about 2 percent of total generation. The
Interlab report suggests that co-firing with coal
may be a particularly attractive option to reduce
carbon emissions from existing units at costs
lower than full replacement.

® Energy Information Administration, Annual Energy
Outlook, 1998, DOE/EIA-0383 (98), December 1997, p.
199.
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Box A-2
Competition in the Electric Power Industry
And Its Potential Impact on Carbon Emissions

The U.S. Government and many state governments are promoting increased competition in the electric power
industry. The Energy Policy Act of 1992 was one of the key factors in removing barriers to competition, but
many states had already been moving in that direction. The main purpose of this legislation was to bring the
discipline of the marketplace to an economic activity that historically has been heavily regulated.

The traditional structure has been vertically integrated utilities that generate most of their own power, often at
large plants in remote sites, deliver it to load centers on high voltage transmission lines, and then distribute it to
customers on lower voltage local lines. Each utility is responsible for delivering all the electric power needed
by customers in its area. In return for this grant of monopoly, the utility’s rates to customers are controlled by a
state regulatory agency. Although many utilities have been diligent in controlling costs and keeping prices low
for their customers, others (and their regulatory agencies) have been less careful, and a wide range exists in the
cost per kilowatt, even among neighboring utilities. Competition is expected to allow the economically
efficient electric companies to expand their operations, which, at least in theory, will lower average costs.

Competition could take many forms. A logical outcome would be to restructure vertically integrated utilities
into their three main components: generation, transmission, and distribution. Under such a scheme, which is
somewhat similar to the way the natural gas industry is evolving, generating companies could sell their output
to the highest bidder. The highest bidder could be a transmission company, a distribution company, or a large
consumer such as a big manufacturing facility. Transmission companies, which would still be regulated, would
control and deliver most power, dispatching generating units to meet demand at the lowest possible cost.
Distribution companies also would continue to play their traditional, regulated role, delivering power to most
customers.

Increased competition raises several issues relevant to efforts to reduce carbon emissions:

* Changing structure will complicate allocations. Many of the companies responsible for emissions in 1990
will not exist in 2010. Many of the facilities existing in 1990 will also be gone, and it may be difficult to
determine who should get credit for their emissions.

* If competition works, prices will drop. That would undercut efforts to conserve, since high price is a
motivating factor for reducing consumption. All the scenarios discussed in this appendix count on
significant electricity demand reductions (about 22 percent of all reductions in the Interlab scenario.) These
estimates would be affected by lower prices.

* Many utilities have actively sought to help customers use electricity more efficiently through demand-side
management (DSM) programs. One of their main interests was to avoid building new generating plants.
Competitive generating companies will have the opposite interests—building more plants and selling more
power. Many utilities already have been reducing or eliminating their DSM programs in part to cut
operating costs to get ready for competition. This trend further threatens estimates of substantial demand
reduction to reduce emissions.

(continued)

The Heinz Center
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Box A-2 (continued)

* On the positive side, competition is likely to spur the use of efficient gas-fired combustion turbines and co-

generation facilities.

To the extent that these replace coal-fired units, carbon emissions will drop.

However, some may also replace higher cost nuclear units, which emit no carbon.
* Activities such as R&D could be reduced if a more fragmented and competitive industry loses interest in

collective action.

The Electric Power Research Institute has supported R&D for renewable energy.

Utilities have believed they had some obligation to pursue these technologies to help meet long-term goals

even when not initially the lowest-cost options.

None of these issues is necessarily fatal to efforts to reduce carbon emissions and improve the efficiency of
electricity use. Distribution companies may still be agents for efficiency improvements although they are not
likely to be as active as utilities had been. Energy service companies also may play a large role. However,
neither is likely to combine the interest integrated utilities had in reducing demand with their credibility with
customers and financial resources. For example, service companies might be paid on the basis of the energy
savings their investments produce. However, energy savings cannot be measured. They have to be calculated
based on estimates of how much energy would have been consumed without investment. Individual consumers

are likely to be wary of such abstract concepts.

Currently, municipal solid waste (MSW) is the
third most important renewable. Exploiting
MSW has the added advantage of reducing
methane emissions. Methane is a potent GHG
produced while waste decomposes in a landfill.
It can be captured with appropriate equipment
and burned for its energy value (methane is the
principal constituent of natural gas). Regulations
on the release of methane from landfills are also
a powerful inducement to capturing methane
deliberately. MSW also can be burned directly
and the heat used to generate power. With either
approach, energy is produced and methane
release reduced.

Wind could become important by 2010. Many
wind farms have been constructed in California
and other places where conditions are favorable.
The economics of wind are very promising,
although growth recently has been slowed by
declining electricity prices.

Switching from coal to gas for generating
electricity has considerable potential.  The
electric  power industry now  dispatches
generating units to meet changing loads largely
on the basis of cost generation. Large coal plants
often are among the plants with the lowest cost
per kilowatt-hour. If a substantial cost for the
carbon emitted were included, that calculus
would change, and large reductions in CO,
reductions could be obtained. At present, a wide
range of plants to choose from does not exist, at
least at peak load, but this situation could change
rapidly. As coal plants are retired, they can be
replaced by gas-fired plants. Alternatively, a gas
turbine and heat recovery system can replace the
boiler, resulting in a combined cycle plant with
the original steam turbine. Not only do gas-fired
plants produce less carbon per BTU, but modern
gas turbines can be far higher in efficiency than
existing coal plants.
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Table A.6 Renewable Energy Technology Potential by 2010

Renewable Technology Capacity
Additions
(total GWe)
Biomass co-firing 8to012
Wind 8to0 23
Hydropower 10to 16
Land-fill methane 3to7
Photovoltaics 3to5
Geothermal 6to 14
Solar thermal Oto2
Total 38to 79

Source: Interlaboratory Working Group, Scenarios of U.S. Carbon Reductions, Table 7.5.

Electricity/year Carbon Emission
(TWh) Reduction
(MtClyr)
58 to 88 16to 24
281081 61to 20
231035 3to5
20 to 50 251053
6to 10 1to?2
47 to 110 6to 16
Oto6 Otol
182 to 380 5710121

The potential for such switching is very high.
The amount of switching that would be
economical depends on the instituted carbon
charge, the gas-coal price differential that can be
expected by 2010, and the economic value of
lower emissions of other controlled pollutants
such as SO, and No, that would follow from
conversion to gas. Other factors that might
become important include a potential rise in the
cost of gas turbines if orders outpace
manufacturing capability, and the ability to break
long-term coal supply contracts. Table A.7
shows estimates of how much CO, emissions
might be reduced by repowering for certain
conditions. The value of the reductions of SO,
and NOy are very important in the economics of
coal-to-gas conversions. The Interlab scenario
suggests that the amount of switching will be less
than the maximum because the target can be met
at lower cost with renewables.

In addition to these direct reductions, the control-
and-trading program should encourage other
means for reducing carbon emissions. One

proposal is to substitute fly ash from coal-fired
generating plants for cement. Under the right
conditions, flyash can substitute directly,
eliminating an energy-intensive product that also
releases carbon dioxide during its manufacture.

The availability of early credits may be
particularly important to induce timely action by
utilities to prepare for this process.

The Heinz Center
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Table A.7 Coal to Gas Repowering Potential

Incremental Removal of (million tons):

Externality Cases Carbon SO, NOy

None 0 0 0
Low 23.6 0.3 0.6
High 83.4 2.5 1.9

Note:

Low externalities are $700/ton for NOy

High externalities are $100/ton for SO, and $1400/ton for NOx
Gas/coal price differential in 2010 is $1.18/MMBtu.

Includes a carbon permit price of $50/metric ton.

Affected
GW
0
20.2
83.3

Source: Interlaboratory Working Group, Scenarios of U.S. Carbon Reductions,

Table 7.2.
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APPENDIX 4
ALLOCATION SYSTEMS

Allocating emissions permits is central to three
out of the four designs we presented earlier. This
is true for two reasons. First, we anticipate that
some form of compensation for the burdens
imposed by a control system will be needed.
Giving away permits is one way to accomplish
this. The second reason is simply that there are
more possible permutations for allocation
systems than for an auction system. For an
auction system, we view the critical design
criteria as being the location of the most efficient
point to require permits. If the desire is to
allocate permits —that is, give out permits worth
a considerable amount of money —there are
many ways to slice the pie. Within our control
system alternatives, we present three that
encompass a range of the possible designs. In
this section, we will discuss the design of a
permit allocation in greater detail, and, where
applicable, describe proposed and implemented
examples of the different types of allocation
methods.

Three critical design issues associated with
allocation systems are:

» The “quantity” the permit allocation is based
on (e.g., carbon production or emissions,
energy production or consumption, or some
measure of emissions per unit of output).

» The total amount of permits given away.

 The question of whether the allocation
changes over time.

We attempt to describe the above issues in more
detail and how each can affect the design of an
allocation scheme. We will separate methods for

allocating permits on the supply side and on the
combustor side.

SUPPLY-SIDE ALLOCATIONS

Permits on the supply side could be allocated to
those involved in extracting, importing, refining,
or transporting fossil fuels. The allocation could
be based on the carbon content of the fuel, the
energy content, or on a “performance” metric, for
example linking the allocation to a low carbon-
content fuel standard.

Carbon-based allocation

A simple approach to allocating carbon permits
is to distribute them based on some fraction of
historical carbon supplies. Controlled entities
would be given carbon permits based on the
carbon they produced, transported, or refined in a
historic base period. Using this allocation
method would give the greatest number of
permits to the largest carbon producers.

Table A.8 shows the allocations to fossil fuel
suppliers given the Kyoto target as the cap and
1990 as the base year. Chapter 2 of this report
calculates that this cap would be at
approximately 1300 million metric tons of
carbon (MtC). Under this allocation method,
coal would receive 36 percent of the permits
(465 MtC), petroleum would receive 44 percent
(571 MtC), and natural gas would receive the
remaining 20 percent (264 MtC) of permits.
From the Energy Information Administration
(EIA) preliminary estimate of 1996 emissions
(EIA, 1997), the cap is 56 MtC below current
emissions from coal, 49 MtC below current
emissions from petroleum, and 58 MtC below
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current  emissions  from  natural  gas.

Allocation Formulas

2010 emissions

not carbon, production.

and forecasted 2010 emissions.

rounding.)

Table A.8 Carbon Allocations to Fossil Fuel Suppliers Based on Three Different

Coal Petroleum Natural gas Total
(MtC) (MtC) (MtC) (MtC)
Carbon-based 465 264 1300
allocation
Energy-based 369 362 1300
allocation (-96) (+98)
Performance-
based allocation 276 271 974
(using natural (-189) (-145) (+7) (-326)
gas as standard)
1996 carbon 524 318 1463
emissions
Forecasted 569 419 1723

Note: The cap is set at 1300 MtC of carbon as described in Chapter 2. The carbon-based
allocation assumes that all fuel categories reduce their carbon production in proportion to
their 1990 values. The energy-based allocation gives out permits proportional to energy,
The performance-based allocation uses natural gas as the
performance standard and gives out permits based on energy production and the carbon
content of natural gas. The difference between these last two methods and the carbon-
based allocation is shown in parenthesis. For reference, the table also shows the 1996
The forecasted numbers represent the average of the
three modeling scenarios presented in Chapter 2. (Numbers may not add to totals due to

Energy-based allocation

An energy-based allocation gives out permits in
proportion to energy, not carbon, production.
This method takes the total emissions cap and
allocates it in proportion to the amount of energy
produced, transported, or refined. Compared
with a carbon-based allocation, this method
favors suppliers of fuels with lower than the
average carbon content at the expense of high

carbon fuels. Controlled entities would be
granted permits based on the amount of energy
they supplied and the carbon per unit energy
factor needed to keep emissions at the cap. This
method could be stationary, allocating permits to
existing entities and not updating the allocation
through time. However, several proposals of this
form have included a means to periodically
revise the allocation. Periodically revising the
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allocation allows new market entrants to receive
a permit allocation and eliminates the allocation
to entities not longer viable in the market. Table
A.8 compares this method to a historic, carbon-
based allocation. As shown in this table, natural
gas suppliers receive greater permits and coal
receives fewer than the carbon-based approach.

Performance-based allocation

A performance-based, supply-side allocation can
be based on a standard, such as the carbon
content of natural gas, and a historic level of
energy production. Such a system favors fuels
with carbon content at or below the standard.
This method can supply permits to other entities.
These “extra” permits could be used as
incentives to develop energy efficiency and
renewable energy sources or compensate
additional industries heavily affected by carbon
controls, for example, utilities that burn coal.

Table A.8 shows the impact of this allocation if
the standard is set at the carbon content of
natural gas. For natural gas, this allocation
scheme shows a slight improvement over the
carbon-based allocation. This allocation hits
coal the hardest, reducing its allocation by 189
MtC. It also reduces petroleum allocation by 145
MtC. Its net result is to lower the amount of
allowances given out to 974 MtC, 326 MtC
below the Kyoto target. These extra permits
could then be used to reward developers of
renewable energy sources and energy
conservation methods, compensate heavily hit
industries, or auction with revenues going to the
Treasury.

COMBUSTION-SIDE ALLOCATIONS

Permits can also be allocated on the emissions
side, that is, to those who directly burn fossil
fuels or to manufacturers of combustion

equipment. As with supply-side allocations,
permits can be allocated on carbon emissions,
energy combustion, or on a “performance”
standard, again, for example, linking the
allocation to low-carbon emissions fuel. On the
combustion side, one can also distinguish
between allocation methods on the input side or
output side of a control point.

An input method for allocating permits uses the
inputs (carbon or energy) to a control point as the
basis for allocating permits. An output system
uses products that emerge from the control point.
For example, if the control point is at electricity
generation, an input system could be based on
fossil fuel or carbon used in generation, whereas
an output system could be based on carbon per
kilowatt-hours of electricity generated. This
distinction is critical for those among electricity
generators who will receive a permit allocation.
A system based on carbon inputs to electricity
generation would only allocate permits to
generators who use fossil fuels. By contrast, a
system based on carbon per kilowatt-hours could
include nonfossil fuel generators (nuclear, hydro,
solar, wind) in the allocation.

Allocation based on historical carbon emissions
A simple approach to allocating carbon permits
is to give them out based on some fraction of
historical carbon emissions. As with the carbon-
based supply method for allocating permits, this
system allocates the greatest number of permits
to those with the highest emissions.

Table A.9 shows the allocation to the electricity
sector using a cap on electricity sector carbon
emissions of 375 MtC. We developed this cap
using the three modeling scenarios presented in
Chapter 2 that estimate the most cost-effective
level of control for each sector and assume that

The Heinz Center



A20 Appendix 4 - Allocation Systems

generators purchased an additional 50 MtC of
emissions credits overseas. (Thus, although the
allocation is 375 MtC, the emissions would be
425 MtC.) This table shows permits allocated to
generators based on their 1990 emissions.
Compared with 1996 emissions (shown on the
next to last line of Table A.9), both coal and
natural-gas-fired electricity generators would
need to obtain more credits or reduce emissions
under this carbon-based allocation method (as
they would under most allocation methods).

For petroleum-fired electricity generators, the
permit allotment under a historical emissions-
based allocation (as under most allocation
methods) is higher than their current emissions.
Just as Russia gains emissions credits greater
than their current emissions due to their
economic collapse when the international
allocation uses 1990 as the baseline, petroleum-
fired electricity generators generate credits in
excess of their current emissions due to their
decline in generation between 1990 and the
present.

Both the Illinois Environmental Protection
Agency and the Pennsylvania Department of the
Environment have proposed trading programs to
improve urban air quality (lllinois’ controls
volatile organic material emissions and
Pennsylvania’s  controls  nitrogen  oxides)
allocating trading allowances based on historical
emissions. Most existing trading programs, even
if they have initially attempted to use historical
emissions as a basis for allocating permits, have
ended up incorporating some measure of
performance so as to not penalize emitters that
have previously taken steps to reduce emissions.

Input allocation based on energy combustion

An energy-based allocation gives out permits in
proportion to fossil fuel energy consumed, not
carbon emitted. As with the supply-side energy-

based allocation scheme, this method takes the
total emissions cap and allocates it in proportion
to the amount of energy combusted. Such a
system grants more permits to users of fuels with
lower than the average carbon content and fewer
permits to users of high-carbon fuels compared
with the historical carbon emissions allocation
method.

Table A.9 shows how this method affects the
allocations and how the allocation differs from
an emissions-based allocation. Compared to the
carbon-based approach, this results in a transfer
of 23 MtC of permits from coal-fired generators
to electricity generators using natural gas and
petroleum.

Input allocation based on the carbon emissions
rate of a low carbon fuel

This performance-based method uses a standard,
such as the carbon content of natural gas, as the
target and allocates permits based on this
standard multiplied by the energy combustion.
As described in the supply-side discussion, this
method can be used to rake off permits that can
then be used to reward or compensate other
entities. Allocating carbon permits using such a
performance standard will penalize coal and
petroleum users and is neutral to natural gas.

Table A.9 shows the impact of this allocation if
the standard is set at the carbon content of
natural gas. For natural gas, this allocation
method is an improvement over the carbon-based
allocation. This allocation hits coal-fired
electricity generators hard, reducing their
allocation by 87 MtC from the emissions-based
method. It also reduces petroleum-fired
electricity allocation by 3 MtC. Using this
performance-based method, 81 MtC are left over
from the electricity sector cap. These leftover
permits could be used as incentives to develop
energy efficiency and renewable energy sources
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or compensate industries heavily affected by
carbon controls, such as the coal industry.

The Federal Acid Rain Program uses a hybrid of
this approach for allocating sulfur dioxide
permits. In that program, permits are allocated
to electricity generators based on average
emissions from 1985 to 1987, with the allocation
being capped by an input performance standard
(2.5 pounds of sulfur dioxide per million Btu in
Phase 1 and 1.2 pounds of sulfur dioxide per
million Btu in Phase 2). The Phase 2 limit of
1.2 pounds of sulfur dioxide per million Btu is
the upper end of low sulfur coal.

Output allocation for fossil-fuel
generators

Permits can be allocated based on electricity
generated, as opposed to the energy input-based
allocation described earlier. The method
described here allocates permits to fossil fuel
generators only. As with an energy input-based
allocation, this system rewards combustors
generating electricity with a lower than average
rate of carbon emissions and penalizes those that
generate electricity at a higher than average rate
of carbon emissions. This approach also
rewards generators who more efficiently convert
fossil fuel to electricity.

electricity

Table A.9 shows the impact of using this output-
based allocation method. Such a system results
in fewer permits allocated to coal and more to
petroleum and natural gas generators compared
to using historical emissions as the basis for
allocation. Table A.9 also shows that this
output-based allocation method and the energy
input-based method varies little. This result
indicates a possible advantage of the energy
input-based allocation method. It yields results
very similar to the output-based allocation

method for electricity generators while being
applicable to both electricity generators and
industrial combustors alike.

Senate Bill 687 introduced into the 105"
Congress proposes using an output-based
performance standard to allocate nitrogen oxides,
sulfur dioxide, and carbon dioxide permits to
electric generation facilities of fifteen megawatts
or greater. This bill only covers fossil fuel
emitters. It establishes the generation
performance standard by dividing a national
emissions cap by a forecast of the electricity
produced by covered facilities. Lashof et al.
(1997) describes the use of an output-based
method for allocating carbon dioxide permits for
the electricity and industrial sectors.

Output allocation for all electricity generators

A second output-based approach allocates
permits based on electricity produced, but in this
variant, permits are allocated to both fossil and
nonfossil fuel generators. This approach would
provide a windfall to nonfossil fuel generators
and reduce the allocation to most fossil fuel
generators.

Table A.9 shows the impact of using an output-
based allocation method that gives permits to
both fossil fuel and nonfossil fuel generators.
Compared to the historical emissions-based
method, such an approach basically results in a
transfer of permits from coal-fired generators to
nuclear and hydropower. The allocation to coal-
fired generators falls by 113 MtC, while the
allocation to the nonfossil fuel sources increases
by 115 MtC compared to the emissions-based
method.

Senate Bill 1097 introduced into the 105"
Congress proposes using an output-based
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performance standard to allocate a fixed number
of nitrogen oxides permits to states in proportion
to the state’s share of total electric power
generation. States can either determine their own
method of allocating permits or they can allocate
them to individual facilities based on the
facilities” share of total net electric power
generated.

Output allocation based on ““performance” of
electricity generators

This performance-based method uses as its
standard the emissions rate of a low carbon fossil
fuel electricity generator with a heat rate of 9,000
Btu per kilowatt-hour (somewhere between a
new coal-fired steam plant and a natural gas
combined cycle plant).  Allocating carbon
permits using such a performance standard gives
relatively fewer allowances to generators with an
emissions rate above this standard and relatively
greater allowances to those below it.  This
standard could be used to allocate permits to
fossil fuel generators only or both fossil fuel and
nonfossil fuel generators. As with the other
performance-based allocation systems discussed
earlier, this method can be used to set aside
permits that can be allocated as compensation or
rewards to other entities.

Table A.9 displays the impact of this allocation
where permits are given to fossil fuel generators
or all electricity generators. This system results
in the least amount of permits for fossil fuel
generators of all the allocation methods. For the
method that gives permits only to fossil fuel
plants, the allocation to electricity generators is
257 MtC, which is 118 MtC below the cap.
When permits are allocated to all generators, the
allocation to electricity generators is 371 MtC
tons, which is 4 MtC below the cap.

IMPACTS OF ALLOCATION METHODS
ON PERMIT ALLOTMENTS TO LARGE
ELECTRICITY GENERATORS

We now consider how varying allocation
methods affect the number of permits allotted to
the largest electricity generators. We focus on
the fifteen largest electricity generators in 1996
according to the EIA (Smith, 1998). These
generators represent approximately 36 percent of
all electricity generated, 30 percent of electricity
generated from fossil fuels, and 30 percent of
total carbon emissions from the electricity sector.
They also account for 93 percent of all electricity
generated from nuclear energy.

Table A.10 shows the impact on the number of
permits allocated to these utilities under five
different allocation methods. These allocation
methods give out permits in proportion to
historical emissions, input energy, input
“performance,” and electricity output. As with
our earlier analysis, we assume that the cap on
electricity emissions is 375 MtC.

A first set of observations concerns the total
number of permits allocated under the alternative
methods. The historical emissions, input energy,
and output fossil electricity allocation methods
all result in a similar total number of permits
allotted to these generators. This results because
the fifteen largest electricity generators have a
similar percentage of the sector’s total carbon
emissions, fossil fuel energy input, and fossil
fuel electricity output (approximately 30 percent
of the total sector). The third method, the input-
based performance allocation, uses the
generators’ energy consumption in 1996 and the
carbon emissions rate of natural gas as the basis
for
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Table A.10 Carbon Allocations to the Fifteen Largest Electricity Generators Based on Alternative
Input and Output Allocation Formulas
Carbon  Input-based Input-based Output-based Output-based
emissions energy  performance allocation (fossil allocation (fossil
allocation allocation  allocation fuels) fuels and non-
fossil fuels)
TVA 17.63 16.53 13.68 17.18 18.35
Georgia Power 12.46 11.69 9.67 11.34 11.53
Commonwealth Edison 5.66 5.51 4.56 5.18 11.33
Duke Power 7.23 6.79 5.62 7.41 10.83
Texas Utilities 11.74 13.67 11.31 13.25 10.74
Alabama Power 9.93 9.34 7.73 9.87 8.79
Houston Light 7.73 8.95 7.41 8.85 8.46
USCE-North Pacific 0.00 0.00 0.00 0.00 8.15
Division
Florida Power & Light 4.68 6.52 5.39 7.22 7.66
Virginia Electric & 6.01 5.73 4.74 6.02 7.27
Power
Pacificorp 10.73 10.08 8.34 9.63 7.13
Carolina Power & 4.88 4.58 3.79 4.67 6.09
Light
Detroit Edison 8.54 8.22 6.80 7.89 5.88
Arizona Public Service 3.67 3.53 2.92 3.52 5.88
Pacific Gas & Electric 1.30 2.13 1.76 2.11 5.19
Total 112.19 113.28 93.71 114.14 133.28
Note: The descriptions of the methods are the same as those used in developing Table A.9. The
electricity sector cap is 375 MtC.
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developing the allocation. This method results in
the fewest number of permits given out, both to
these utilities and the electricity sector in general.
Under the last method shown in Table A.10, the
output-based method allocating based on total
(fossil and nonfossil) electricity output, the
number of permits given out to this set of
generators is the greatest (although the number of
permits given out to the whole sector remains the
same as for all methods, except for the third
one). This result is due to the concentration of
nuclear power among these generators.

A second set of observations concerns the
distribution of permits among the generators.
Moving from the emissions-based allocation to
methods that allocate based on carbon efficiency
(all other methods) results in a relatively smaller
allocation for utilities with the highest fraction of
electricity generation from coal. Under the
input-based performance allocation, for example,
the largest consumers of coal, TVA and Georgia
Power, both receive only 78 percent of the
permits they would receive under the emissions-
based allocation. This situation contrasts with
the largest consumers of natural gas, Texas
Utilities Electric Company and Florida Power
and Light, who receive 96 and 115 percent,
respectively, of the permits they would receive
under the emissions-based allocation.  The
obvious extreme occurs with the United States
Army Corps of Engineers North Pacific Division.
This group only obtains permits under the
output-based generation allocation for both fossil
fuels and nonfossil fuels generation.

Table A.11 shows the net present value of a 30-
year stream of permits going to the same group
of electricity generators under two allocation
schemes and discount rates. As before, this table
shows the effects of moving from an emissions-
based allocation to an output-based allocation.
Again, the utilities that have the largest fraction
of generation from coal stand to lose more than

any other group in moving from an emissions-
based to a performance-based allocation. Table
A.11 also displays the effect of varying discount
rates on the net present value of the allocation.

MODIFYING PERMIT ALLOCATIONS
THROUGH TIME

An important design issue relates to whether the
allocation of permits will change over time.
Permits can be allocated permanently using a
single baseline period or the allocation can
change as entities enter and exit the market.
Permanent allocations give predictability to the
market, promoting trading of future allocations.
However, permanent allocations can create
economic disadvantages to new entrants and
reward entities that are no longer viable in the
marketplace. This is especially true in the
unlikely occurrence that no market for permits
would emerge, and allocation would be
tantamount to determining use. Because controls
costs change over time, so too should the
allocation of benefits from the trading system.
We will discuss two ways that the permit
allocation can change over time. The first is to
base the permit allocation on a rolling baseline,
so that every few years the allocation is
recalculated. The second way is to slowly phase
out the allocation of permits over a few decades.
This phase-out could end with all permits being
auctioned or only a fraction of permits auctioned.

One critical motivation for allocating permits is
to compensate for the costs to control carbon
dioxide emissions. The assets conferred by
passing out free permits attempt to compensate
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Table A.11 Net Present Value of a Permits Stream Going to Fifteen Largest Electricity

Generators
NPV of a 30-year stream of | NPV of a 30-year stream Net electric
permits using a carbon of permits using an utility plant
emissions allocation output-based generation assets (10°
(10° dollars) allocation for both fossil dollars)
fuels and non-fossil fuels
generators (10° dollars)
10% 18% 10% 18%
discount discount discount discount
rate rate rate rate
TVA 12,534 7,302 13,045 7,601 n/a
Georgia Power 8,858 5,161 8,197 4,776 10,163
Commonwealth Edison 4,024 2,344 8,055 4,692 16,355
Duke Power 5,140 2,995 7,770 4,486 8,989
Texas Utilities 8,346 4,863 7,635 4,449 16,448
Alabama Power 7,060 4,113 6,249 3,641 6,941
Houston Light 5,496 3,202 6,014 3,504 8,611
USCE-North Pacific 0 0 5,794 3,376 n/a
Division
Florida Power & Light 3,327 1,938 5,446 3,173 9,016
Virginia Electric & 4,273 2,489 5,168 3,011 9,312
Power
Pacificorp 7,628 4,444 5,069 2,953 7,825
Carolina Power & 3,469 2,021 4,330 2,523 6,196
Light
Detroit Edison 6,071 3,539 4,180 2,436 8,594
Arizona Public Service 2,609 1,520 4,180 2,436 4,587
Pacific Gas & Electric 924 538 3,690 2,150 12,804
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controlled entities for the reduced value of their
facilities. However, once these entities have
been compensated, there is no further
justification for continuing to allocate them
permits. This argues for modifying the permit
allocation over time.

Rolling baseline allocation

Recalculating the allocation after a certain length
of time after the initial allocation has several
advantages. It corrects for new entrants and shut
downs by reallocating to those actively engaged
in the market. It also may remove some of the
political pressures associated with the initial
allocation. However, such a system takes away
some of a firm’s incentive to make reductions
and generate a long time stream of credits. In
addition, high permit values could allow some
high-emitting entities to remain operating longer
than they might have without the permit
allocation.

Senate Bill 1097 proposes such an approach for
allocating nitrogen oxide permits. It allocates
permits based on a rolling average of the affected
facilities” share of total net electric power
generation. The Environmental Law Institute
(1997) addresses the use of such a system for
domestic carbon dioxide control strategies. The
Institute proposes using a moving average
allocation to fuel producers based on sales of
fossil fuels. The Institute argues that reallocating
to suppliers using a short averaging period would
not cause firms to modify their behavior to
increase their permit allocation.

Transition from allocation to auction

A system could transition from an initial
allocation to an auction system. This transition
could be a complete shift to an auctioned system
or a partial shift where some fraction of permits
would be auctioned. Transitioning from an
allocation to auction could reduce the pressure to

get the initial allocation “right.” A transition to
an auction system would help level the field for
new entrants while reducing the incentives for
obsolete facilities to keep operating. Such a
system would also raise revenues that could be
used to offset other taxes. It would provide an
easier phase-in for firms that otherwise could be
faced with sudden permit needs under an auction
system. When viewed on a net present value
basis, transitioning to an auction system in the
future may not be that different from a stationary
allocation.
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Table A.9 Carbon Allocations to All Electricity Generators Based on Alternative Input and Output Allocation Formulas

Coal Petroleum Natural gas Nuclear Hydro Total

(MtC) (MtC) (MtC) (MtC) (MtC) (MtC)
Carbon emissions allocation 322 21 32 0 0 375
Input-based energy allocation 299 23 53 0 0 375

(-23) (+2) (+21) Q)
Input-based performance 234 18 42 0 0 294
allocation (-87) (-3) (+9) (-81)
Output-based generation 301 23 51 0 0 375
allocation (fossil fuels) (-20) (+2) (+19) (0)
Output-based generation 209 16 35 77 38 375
allocation (fossil fuels and (-113) (-5) (+3) (+77) (+38) 0)
non-fossil fuels)
Output-based performance 206 15 35 0 0 257
allocation (fossil fuels) (-180) (-8) (-4) (-118)
Output-based performance 206 15 35 76 37 371
allocation (fossil and non- (-180) (-8) (-4) (+76) (+37) (-4)
fossil fuels)
1996 carbon emissions 461 16 40 0 0 517
Forecasted 2010 emissions 486 12 129 0 0 627

Note: The cap is 375 MtC. The carbon emissions method allocates permits based on 1990 emissions, and all generators reduce their carbon
emissions proportionally.  The input-based energy method allocates the cap in proportion to energy combustion. The input-based
performance method uses natural gas as the performance standard and gives out permits based on energy production and the carbon content of
natural gas. The output-based generation methods allocate the cap based on carbon per kilowatt-hours. These methods can allocate to fossil
fuel generators only or to both fossil fuel and non-fossil fuel generators. The output-based performance methods use a natural gas turbine
generator with a heat rate of 9,000 Btu per kilowatt-hour as the performance standard. These methods can allocate to fossil fuel generators
only or to both fossil fuel and non-fossil fuel generators. The difference between all other methods and basing the allocating on carbon
emissions is shown in parenthesis. For reference, the table also shows the 1996 and forecasted 2010 emissions. The forecasted numbers
represent the average of the three modeling scenarios presented in Chapter 2.  (Numbers may not add to totals due to rounding.)
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APPENDIX 5
CARBON EMISSIONS STANDARDS

In Chapter 3, we proposed the use of emissions
standards in three of the four control options we
presented. This appendix discusses standards in
more detail.  Standards are used to lower
emissions from sources that are not subject to the
cap for the combustor-based trading systems
(Options | and IV) and are used to improve the
performance of a supply-side trading system
(Option 11). Under the alternatives discussed in
Chapter 3, standards set performance minimum
criteria for manufacturers of energy-consuming
equipment. They directly influence the millions
of individual energy users that may be relatively
insensitive to price.

Several types of standards are proposed for light
vehicles and freight trucks, heating and air
conditioning equipment, electric motors, boilers,
and various other appliances. In deciding what
form of standards to use for a particular source,
we considered:

¢ The amount of emissions from the source.
e The extent to which deviations from the
standard could be tradable.

A key element in standards design relates to the
total emissions from the many individual
affected sources. Light duty vehicles are, by far,
the single largest category of emissions for which
we have considered standards. Standards for
these sources are the most extensively discussed
in this appendix. Our second consideration is
degree of tradability. This consideration
attempts to incorporate some of the economic
incentives of emissions trading into standards
design.

Categories of Standards

The standards used with the alternative control
options described in Chapter 3 impose a
minimum level of performance on new products,
in terms of either energy use or carbon emissions
per unit of service provided. We separate
standards into five variants, depending on their
tradability. They range from nontradable product
energy efficiency standards to standards that
function as emissions caps. Table A.12 lists
these types of standards.

Performance standards on a single product

The first type of standards listed in Table A.12 is
a nontradable standard set on a single product
class. Standards of this form have been set on a
wide array of energy-consuming devices under
the National Appliance Energy Conservation Act
(NAECA) and Energy Policy Act (EPACT). For
example, NAECA categorizes refrigerators and
freezers into  eighteen  product classes
(refrigerators and refrigerator-freezers  with
manual defrost, refrigerator-freezers with partial
automatic defrost, automatic defrost refrigerator-
freezers with top mounted freezers without
through-the-door ice service) and two refrigerant
types (HCFC and HCFC-free) (Department of
Energy, 1997). The standards give a minimum
performance level each class is required to meet
in terms of kilowatt hours consumed per year
under typical operating conditions.

This type of product performance standard is
most appropriate for product classes with
relatively low total emissions where the
administrative burden of a trading program might
outweigh any gains to be had from exceeding the
standards to generate permits.
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Product Class Specific standards
* no trading

 trading within an industry

Fully Tradable CACE standards

emissions caps

emissions caps

Table A.12 — Options for Energy Efficiency and Carbon Emissions Standards

Corporate Average Carbon Emissions (CACE) standards
 trading within a manufacturer’s line only

Limited Tradable CACE standards
» trading with a limited group of sources

» trading among industries covered by standards
» trading among industries covered by standards and those covered by

Capped Carbon Emissions standards
» trading among industries covered by standards
» trading among industries covered by standards and those covered by

There is no flexibility in such a standard and thus
no mechanism to trade.

Calculating the effect of such standards on
electricity-consuming devices IS not
straightforward. For example, the standard for
the annual consumption of electricity by a 15 ft*
manual defrost refrigerator should drop from 502
kilowatt-hours in 1993 to 381 kilowatt-hours in
2000. The actual reduction in carbon emissions
depends upon the source of electricity consumed
by the refrigerator. (If the electricity were from
hydropower or nuclear power, no reduction in
carbon emissions would occur. If the source of
electricity was a pulverized coal-generating
plant, the reduction in emissions would be about
0.031 metric tons of carbon annually.) Given the
current mix of electricity, this reduction in

carbon would be 0.029 metric tons of carbon
annually. Over an average lifetime of nineteen
years (Interlaboratory Working Group, 1997),
this reduction would amount to about a half a
metric ton of carbon.

Product line standards - Corporate Average
Carbon Emissions (CACE) standards

The second type of standard is one that allows
trading across a product line to meet a company-
wide performance standard. An example of this
standard is the Corporate Average Fuel Economy
(CAFE) standards on passenger cars and light
trucks set up by the Energy Policy and
Conservation Act of 1975. Under CAFE, the
fuel economy of a manufacturer’s entire line of
passenger cars (or entire line of light trucks)
must meet a minimum performance level. This
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standard is currently set at 27.5 miles per gallon
(mpg) for passenger cars and 20.7 mpg for light
trucks. Translating this into a Corporate Average
Carbon Emissions (CACE) standard, passenger
cars would be limited to an emissions rate of
0.19 pounds of carbon per mile and light trucks,
0.25 pounds of carbon per mile.

CAFE allows automobile manufacturers some
flexibility Dby allowing them to balance
production of cars below the standard with
production above the standard. It also allows
limited banking and borrowing where “credits”
for exceeding standards can be used to offset
shortfalls in previous or subsequent years.
CAFE does not allow these credits to be traded
among manufacturers. Under the alternatives
proposed in Chapter 3, we have expanded upon
the flexibility mechanism in CAFE to allow
trading among manufacturers and between
manufacturers and large combustors. These
types of standards are discussed in the following
subsections.

CACE standards with limited trading

Allowing trading both within a manufacturer’s
product line and among different manufacturers
could expanding the flexibility of a CACE
standard. Under this type of standard, credits
generated by a manufacturer for exceeding a
performance target could be used to cover past or
future shortfalls or traded to another
manufacturer.

Two methods exist for estimating tradable
credits. The first is the method in the CAFE
standards. Under CAFE, credits for exceeding
the standard are calculated by multiplying the
amount by which the automaker’s fleet is below
the standards by the number of vehicles sold.
For a CACE expressed in grams per mile, this
would translate into credits in vehicle-grams per
mile per model year. A shortcoming of such a

standard is that credits are only tradable with
other automobile manufacturers. An advantage
is its computational simplicity. Nitrogen oxide
emission standards for heavy duty diesel engines
are an example of standards that are tradable
among manufacturers.

An alternative approach is to use the average life
and performance of the vehicle to translate an
improvement in efficiency to an overall
reduction in carbon emissions.  This puts
reductions into a common metric, such as tons of
carbon, that could be tradable among a wider
group of entities. This approach requires an
estimate of performance parameters for the
equipment, some of which may be highly
uncertain. However, such a standard allows
manufacturers to generate credits that would be
tradable with other sources that can document
their total emissions reductions.

The reason for limiting trading for carbon
emissions is to avoid double counting of
reductions.  For example, under Option IlI,
which is a full cap and trade on extractors and
importers with regulatory assist, if an automaker
beats their CACE to generate credits, it would
also reduce petroleum demand, generating extra
permits for oil extractors and importers. Thus,
reductions would be double counted if the credits
applied to automakers were the same as the
permits held by suppliers. There may be an
advantage in allowing automakers to trade
credits with other automakers or with other
manufacturers of energy- consuming equipment.
However, their reduction credits would have to
be separate from the carbon permits held and
traded by suppliers.

CACE standards with fully tradable reductions
Expanding the flexibility of a CACE standard
further allows trading both among sources
covered by standards as well as among sources
The Heinz Center
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covered by an emissions cap. As described
above, credits for exceeding a standard could be
translated into tons of carbon per lifetime of a
typical product. By translating reductions into
tons of carbon per product, emissions reductions
from manufacturers could be tradable with
sources that have a cap on their emissions as
long as there is no double counting of reductions.

We proposed such a tradable standard for Option
I. Option I relies on both emissions caps and
standards to control carbon dioxide emissions at
the point of combustion. Emissions reductions
resulting from automakers exceeding their
standards would generate a multiyear stream (for
example a 10- or 15-year stream) of dated
allowances. These allowances represent the time
path of emissions reductions resulting from their
action. They could be traded with other auto
manufacturers, utilities, large industrial emitters,
or banked.

Note that under this type of standard, as under
the current CAFE standard, a manufacturer is
only required to meet a corporate average carbon
emissions per vehicle. Manufacturers are not
limited in the number of vehicles that they can
sell in a given year.

Capped Carbon Emissions (CCE) standards

A final wvariant is to cap the emissions
commitment represented by a manufacturer’s
production, a capped carbon emissions (CCE)
standard. As with the previous standard, such a
tradable standard only makes sense under options
that involve controlling carbon dioxide emissions
at the point of combustion. Under such a system,
each automaker would be given an allocation of
current and future year permits representing the
future emissions commitment from autos
manufactured in that given year. Automakers
would have the option of purchasing permits
from other automakers, from utilities or

industrial sources, or from international sources
should the cars they manufacture represent a
higher emissions commitment than their
allocation. They would have the option of
selling permits to these same entities should the
cars they manufacture represent a lower
emissions commitment than their allocation.

The CCE is not a standard in the traditional
sense. It does not set a performance standard for
individual product or a line of products. Instead,
it sets an overall cap on the future emissions
from the products sold in a year and allows
manufacturers the flexibility to meet this cap
however they desire. For example, under this
type of control, an automaker could choose to
only make cars with high emissions rates, but
fewer of them, as long as their emissions
commitment is not greater than their allocation
plus purchased allowances. Such a system also
gives greater reliability that the overall emissions
cap will be met than the fully tradable CACE
standard. Although a fully tradable CACE limits
the emissions rates of automobiles, it would not
limit the number of automobiles manufactured.
Thus, it does not cap the future emissions
commitment from cars manufactured in a given
year. A capped emissions standard allows the
future emissions from a given product line to be
more tightly bound. However, the performance
parameters used for calculating the future
emissions commitment represents a source of
uncertainty that is not present with large
combustion sources.

Tradable CACE Versus CCE for Light Duty
Vehicles

This section describes in more detail two
tradable permit options for light duty vehicles,
the tradable CACE and the CCE. These
standards are discussed in terms of the impact of
exceeding or not attaining a given emissions
target.
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Estimating Lifetime Emissions

Crediting for both standards requires estimating a
vehicle’s lifetime emissions.  Although the
tradable CACE is a new vehicle emissions rate
standard, it can be translated into an estimate of
the total emissions commitment over the
vehicle’s lifetime. This allows the determination
of the permits that would be generated from, or
required to cover, a deviation from the target
CACE. By translating an emissions rate into
total emissions, credits from this sector are
tradable with the capped sectors, i.e., the
electricity generators and large industrial
emitters. The CCE requires manufacturers to
hold permits covering the future emissions
emitted from the vehicles they produce. Again,
because these permits would be fully tradable
with the capped sectors.

Producing an estimate of future emissions from
any individual vehicle is obviously impossible.
However, lifetime emissions estimates for a
typical vehicle are possible using average vehicle
characteristics: new vehicle emissions rates,
deterioration of the vehicle performance over
time, and average lifetime miles. These
parameters are not necessarily well characterized
by current data sources. Changing driving
patterns and scrappage rates means that
parameters are not constant over time.
Variations in these factors among size classes
may require that emissions commitments be
calculated individually for the different classes.
These factors contribute to a measure of
uncertainty and administrative burden associated
with either of these standards. However, the
added flexibility of these tradable standards and
the ability to more accurately control total
emissions from gasoline-powered vehicles may
outweigh their potential difficulties.

To calculate lifetime emissions, we assume that a
vehicle will travel 150,000 miles over a 15-year

period. These were estimated from figures on
average annual miles per automobile by
automobile age and scrappage rates from Davis
(1997). Carbon emissions rates are based on the
1995 new car fuel economy of 28.5 mpg (Bureau
of Transportation Statistics, 1996). This fuel
economy figure is adjusted downward to a new
car “on-road” average of 24.2 mpg, 85% of the
reported new car fuel efficiency. This downward
adjustment of fuel economy reflects the gap
between fuel economy as tested by the EPA and
actual fuel economy obtained during driving
(Office of Technology Assessment, 1994). Table
A.13  shows these  assumed  vehicle
characteristics.  From this information, we
estimate the emissions commitment from a new
car sold in 1995 to be approximately 14.9 metric
tons of carbon (tC).

Estimating CACE Emissions

Here we look at the effects of exceeding or not
meeting some new vehicle CACE standard. We
assume either a low or high emissions standard
with the low standard corresponding to the 2010
fuel efficiency used in the Interlab report (43.1
mpg or 55.7 gC/mile) and the high standard
corresponding to the 2010 fuel efficiency used in
the EPA/DRI study (31.4 mpg or 76.4 gC/mile).
(Note that the results reflect on-road emissions
rates which are 15% higher than these new car
emissions rates.) These CACE standards are
compared against four alternate futures in which
emissions rates equal: current rates or those
corresponding to three emissions reduction
studies (EPA/DRI, DOE/NEMS, and the Interlab
studies).  Chapter 2 and Appendix 3 describe
these emissions reduction studies.

Table A.14 shows the results. This table shows
that if automakers continue manufacturing a fleet
with the current emissions rate (84.2 gC/mile)
and the standard is set at the most restrictive rate
(55.7 gC/mile), the lifetime shortfall would be
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5.1 tC per vehicle. Permits to cover such a
shortfall could be obtained not only from other
automakers but also from the capped sector or
possibly international sources. Conversely, if the
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Table A.13 - Average Vehicle Miles and
Emissions by Age

Vehicle  Average annual Average
age miles by vehicle annual carbon
(years) age emissions (tC)
Under 1 15,217 15
1 14,104 14
2 13,600 1.3
3 12,816 1.3
4 11,997 1.2
5 11,804 1.2
6 11,304 1.1
7 10,704 1.1
8 9,276 9
9 8,868 9
10 7,333 v
11 6,747 v
12 6,160 6
13 5,378 5
14 4,693 5
Totals 150,000 14.9

Note: Carbon emissions rate equals .0024
metric tons of carbon per gallon of gasoline,
corresponding to a heat rate of 5.253 million
Btu per barrel and a carbon content of .0194
metric tons carbon per million Btu. Data from
Bureau of Transportation Statistics (1996) and
Davis (1997). These results are based on an
on-road fuel efficiency of 24.2 mpg (90
gC/mile), which corresponds to 85% of the
reported new car fuel economy of 28.5 mpg.

standard was set at the highest level (76.4
gC/mile) and automakers are able to produce
vehicles at the lowest emissions rate (55.7
gC/mile), automakers would have 3.7 tC per
vehicle to sell or save for another period (as with

permits in the capped sector, automakers could
bank permits.)

Table A.15 shows corporate-wide estimates for
automobiles. (Note that truck and van sales are
not included.) Here automobile sales for 1995
are those reported by the American Automobile
Manufacturers Association for Chrysler, Ford,
and General Motors (786,000, 1,787,000, and
2,953,000, respectively). The CACE standards
are set either low or high as in the previous
example and the actual emissions rates
correspond to current rates or the low emissions
rates. At one extreme, this table shows that if the
standard was set at its highest rate (76.4 gC/mile)
and automakers produced vehicles at the lowest
rate (55.7 gC/mile), the total permits generated
would be 20.2 MtC. At a permit price of $75/tC,
this would yield about $1.5 billion for these
automakers. Conversely, if automakers continue
manufacturing cars with the current emissions
rates and the standard is set at the most strigent
rate, the total permits needed to cover their 1995
sales would be 27.9 MtC. At a permit price of
$75/tC, this would require an outlay of just over
$2 billion.

Estimating CCE Emissions

Here we look at the effects of selling an
additional car in terms of its additional emissions
commitment under a CCE standard. As in the
previous example, we assume a car has the
emissions rates that equal current new vehicle
standards or to the EPA/DRI, DOE/NEMS, or
Interlab results. Under the emissions rates given
in Table A.16, the permit requirements for a
single vehicle varies from 9.1 to 13.8 tC. The
additional cost per vehicle at a permit price of
$75/tC is between $735 and $1,118.
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Table A.14 — Lifetime Carbon Shortfall/Excess for Two CACE Targets
Actual New Vehicle CACE

than reported new car emissions rates.

Target New 84.2 gC/mile 76.4 gC/mile 68.2 gC/mile 55.7 gC/mile
Vehicle CACE | (28.5 mpg) (31.4 mpg) (35.2 mpg) (43.1 mpo)
76.4 gC/mile -1.41C 0tC 15tC 3.7tC
(31.4 mpg) (-$105) ($0) ($113) ($278)
55.7 gC/mile -5.1tC -3.7tC -2.2tC 0tC
(43.1 mpg) (-$383) (-$278) (-$165) ($0)

Note: Amount of carbon saved or needed per vehicle (in metric tons of carbon) if the
CACE standard is either high (76.4 gC/mile) or low (55.7 gC/mile) and the actual CACE
is either equal to current new vehicle standards or to the EPA/DRI, DOE/NEMS, or
Interlab results. Also shown in parenthesis is the value of these emissions assuming
permits are valued at $75 tC. Results reflect that on-road emissions rates are 15% higher

Inclusion of Low and Zero Emissions Vehicles
Vehicles powered by low carbon fuels, such as
compressed natural gas, could be directly
incorporated into the CACE or CCE standards.
Manufacturers could use this improved
performance to generate surplus permits or allow
emissions rates in gasoline vehicles to increase.

Electric vehicles pose their own particular issues.
Although an electric car emits no carbon directly,
the generation of its electricity does. The
responsibility for the carbon emissions from this
electricity could be given to the auto
manufacturers or electricity generators. Placing
the responsibility with auto manufacturers would
make the CACE or CCE standards reflect the
true carbon emissions from a fleet that included
electric vehicles. Carbon emissions rates and
total emissions commitments for electric autos
could be determined from average vehicle
performance characteristics and a national carbon
emissions rate for electricity generation.

However, having auto manufacturers responsible
for electric vehicle emissions creates some major
accounting difficulties. Under the options that
would utilize tradable emissions standards for
vehicles (Options | and 1V), electricity sector
emissions would also be controlled. It would be
difficult if not impossible to differentiate
between electricity sector emissions resulting
from electric cars, which would already be
covered by the tradable auto standards, and
emissions from other electricity uses.  This
argues for emissions to be the responsibility of
the electricity generators.

If emissions resulting from electric cars were the
responsibility of generators, electric cars would
enter the fleet-wide emissions calculation at a
rate of 0.0 gC/mile. This could give
manufacturers an incentive to produce such
vehicles since they would lower the fleet’s
carbon emissions rate or total carbon emissions
commitment.
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Table A.15 — Domestic Automakers Carbon Shortfall/Excess for Two CACE Targets and
Sales at 1995 Levels - Emissions in MtC and Value in Million Dollars
Actual New Vehicle CACE

new car emissions rates.

84.2 gC/mile 55.7 gC/mile
Target New
Vehicle CACE Chrysler Ford GM Chrysler Ford GM
76.4 gC/mile -1.1 -2.5 -4.1 2.9 6.5 10.8
(-$82) (-$187) (-$309) ($215) ($489) ($808)
55.7 gC/mile -4.0 -9.0 -14.9 0 0 0
(-$297) (-$676)  (-$1116) ($0) ($0) ($0)
Note: Amount of carbon shortfall/excess (in millions of metric tons of carbon)

determined using sales data from the American Automobile Manufacturers Association.
The value of this carbon is in millions of dollars and estimated using a carbon permit
price of $75/tC. Results reflect that on-road emissions rates are 15% higher than reported

Auto manufacturers would in effect be “giving
away” responsibility for these emissions to
electricity generators.  They could use this
lowering of their fleet-wide emissions to
generate surplus permits or increase emissions
rates among their gasoline-powered vehicles.

If auto manufacturers generate surplus permits
through the production of electric vehicles, and
these permits were subsequently made available
to other emitters (electricity generators, large
industrial facilities, and other  auto
manufacturers), then one could argue that
sufficient permits exist in the market for
electricity generators to pick up this new source
of electricity demand. However, if auto
manufacturers instead choose to use the sale of
electric vehicles to increase the emissions rates
of the remainder of their fleet, then electricity
generators could see a new demand for electricity
that they may not be able to purchase permits to

cover. Overall carbon emissions attributable to
vehicles and probably the whole transportation
sector would also rise.

However, such a scenario does not take into
account the potential for the market to settle this
permit problem. If generators are unable to
purchase sufficient permits to cover increases in
demand due to electric cars, prices for electricity
would rise, making electric cars less desirable.
This would reduce their sale, reducing the
demand for electricity, and increase the sales of
non-electric cars. Increasing the sale of non-
electric cars would drive up auto manufacturers’
carbon emissions and reduce their ability to
increase emissions rates.
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Table A.16 — Lifetime Carbon per Vehicle and Value for Different CCE Standards
New Vehicle Average Carbon Emissions Rates

DOE/NEMS, or Interlab results.
higher than reported new car emissions rates.

84.2 gC/mile 76.4 gC/mile 68.2 gC/mile 55.7 gC/mile
(28.5 mpg) (31.4 mpg) (35.2 mpg) (43.1 mpg)
Lifetime carbon
emissions (tC) 14.9 13.5 12.0 9.8
per vehicle
Value of carbon $1,118 $1013 $900 $735
at $75/tC

Note: Amount of carbon emissions credits needed per vehicle (in metric tons of carbon)
if the new car CACE is equal to current new vehicle standards or to the EPA/DRI,
Results reflect that on-road emissions rates are 15%
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