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CALIBRATION OF THE SECOND GENERATION MODEL

Methods and tools used to calibrate specific computable general equilibrium models (CGEMs)
have been extensively documented in recent years (e.g. Mansur and Whalley (1984), and Ballard
et al. (1985)). Many embodiments of CGEMs have sufficiently similar properties that relatively
standard techniques can be employed to implement them. When model design departs
substantially from the norm, existing methods must be extended and new methods developed.

The second generation model (SGM) is a CGEM which was designed specifically to address
issues associated with global change. As a consequence, the mode] embodies characters which
are novel and interesting. A theoretical description of the model is contained in Edmonds et al
(1993). Because the model must be capable of addressing major issues associated with both the
emission of radiatively important gases and the potential consequences of atmosphere/-climate
change, the model was designed to perform three tasks:

1. Provides estimates of environmentally important emissions associated with human
activities,

2. Provides estimates of the consequences of global environmental change, with particular
emphasis on human activities, and

3. Provides estimates of the economic consequences of actions to mitigate and adapt to
global environmental change.

Further, the nature of the global change problem dictates that the SGM reflect the following
- } characteristics: :

e

1. The issue is global, emissions from all sources in all regions of the world determine total
atmospheric change,

2. Anticipated changes in the greenhouse effect result from the emission of a number of
gases including: CO3, CHg, CO, N20, NOy, SO3, VOCs, CFCs, and CFC substitutes,

3. Many human activities are involved in both emissions and impacts including:
Agriculture and Forestry, Energy Production and Consumption, Transportation,
Manufacture, Services, Coastal Zone Settlement, Health Care, Water Use, and Land Use,

4. Emissions and impacts depend upon multiple resources and technologies including:
Managed and Unmanaged Ecosystems, Capital Stocks, and Labor,

5. Emissions and impacts also depend on international trade patterns, and possibly,
migration patterns,

6. Factors 3, 4, and 5 depend upon institutional arrangements,

- 7. Policy analysis requires both mid-term (5-year) and long-term (100 year) time horizons.

‘_)) As a consequence, the SGM differs from othef CGEMs in that it includes:
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an energy/agriculture focus;

a putty-clay vintaged representation of capital;
land as a factor of production;

depletable natural resources;

competition among technologies; and

sector- and subsector-level investment decisions.

AR Sl M

This paper provides a complete description of how the SGM was calibrated including the
methods and tools from existing literature which were applied and the calibration methods which
were developed to handle the unique features of the SGM. In addition, the important underlying
assumptions and procedures used to produce a data set consistent with the general theoretic
principles of the SGM are presented.

L CALIBRATION VS. MACROECONOMIC PRACTICE

An essential step in applying general equilibrium analysis is the construction of a benchmark data
set for the base year of simulation. Contrary to standard macroeconomic models, which are
estimated econometrically from time-series data, parameters for most computable general
equilibrium models (CGEMs) are not estimated with econometric techniques!. From a practical
standpoint, this can easily be explained by the number of parameters involved. More
importantly, however, is the absence of input-output time series data with satisfactory levels of
disaggregation which makes econometric estimations of some model parameters virtually
impossible. Although Chipman [1991] demonstrates that the number of observations does not
have to be greater than the number of parameters to be estimated in a CGEM, the number of
parameters requiring estimation within the SGM is too large for econometric estimation to be a
feasible option. This is largely due to the SGM's requirement of 6-digit input-output tables to
describe the economy in appropriate detail when, as is the case with the U.S., such data
requirements are only published every 5 yearsz. In addition to the problems of data availability,
parameters estimated econometrically over 5, 10, or 20 years can be questionable when used for
Jong-term projections3. As a result of these data constraints, the method of calibration, described
as the process of choosing model parameters to exactly reproduce observations in a given base
year, is widely used by developers of CGEMs.

As with econometric estimation, calibration also has its limitations. The method of calibration
not only assumes that benchmark year data reflect an economy in equilibrium, it also assumes
that the benchmark equilibrium is representative of a "normal” growth path. Input-output tables
and national accounts are well suited for use in general equilibrium analysis since they reflect an
economy where supply equals demand (including trade). Budget constraints for the government
and household sectors, however, are not explicitly reflected in input-output tables, thus requiring
some work to reconcile input-output observations with these constraints.

! The Jorgenson/Wilcoxen [1990] model is an exception to this rule.

? Chipman [1991] shows that 10 econometrically estimate a linear approximation of a CGEM with 10,000
parameters, a minimum of 8 years of quarterly observations (25 observations) are required.

3 Reliability, however, can be enhanced with the use of elasticities given by the literature and a
comprehensive sensitivity analysis.
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II. DATA REQUIREMENTS

The objective of calibration, as previously mentioned, is to choose model parameters so as to
exactly reproduce data observations in the chosen base year. Essentially, the calibration process
consists of translating available data into a problem-oriented data set which is used not only to
reproduce observations in the benchmark years, but also to make long-term projections. A set of
appropriate input-output tables (e.g., the 6-digit level 1982 benchmark tables for the US,
published by the US Department of Commerce), and the national accounts are the basis for the
calibration of the SGM. Other data sources include: 1) time series data on gross capital stocks
and discards for each major industry and service, 2) energy data, and 3) input-output tables and
national accounts for 1985, the actual benchmark year of the model. Key-parameters, such as
clasticities of substitution in production, and income and price elasticities of final demand
sectors, were obtained from existing literature.

IIa. I_n_termediate Production

In order to acquire the model parameters necessary to estimate intermediate production by SGM
industry, data are required on the use of factors by industry, and input-output transactions. The
"use” and "make" tables of the input-output accounts published by the Bureau of Economic
Analysis (Department of Commercc, BEA 1982) provide the necessary data on factor
requirements, value-added, and final demand to develop most of these model parameters. The
"use” table provides the value of (1) each industry's consumption of commodities as factors of
production, (2) each industry's value-added components (i.e., labor expenditures, indirect
business taxes, and other value-added components), and (3) final demands for commodities.

Each column in the interindustry portion of the "use” table describes production within a specific
industry while the row values pertain to the amount consumed of each commodity as input to the
industry’s production process. Therefore, the "use" table dimensions of commodity-by-industry.
Because of joint production (i.e., multiple commodities produced in a single industry), output by
industry is different than output by commodity; hence, row sums do not equal column sums in the
“use" table. This presents a problem when using these data to calibrate production functions
within a CGE modeling framework where single commodity production is assumed.

Jn order to produce an "use” table where row sums equal column sums, the construction of a
commodity-by-commodity or industry-by-industry "use" table is required. A commodity-by-
commodity table was constructed for the SGM since the units of output pertain to actual
commodity units and not to a mix of commodities as is the case with an industry-by-industry
table. This commodity-by-commodity table was constructed by combining data from the "use"
table with data from the "make" table. The "make" table provides a distribution of commodity
production across industries. Each row in the "make" table pertains to a single industry and gives
the amount produced of each commodity within that industry. Thus, the dimensions of the
"make" table are industry-by-commodity. By normalizing this "make" table and post-multiplying
it with the "use” table (i.c., "use” table X normalized "make" table), a commodity-by-commodity
"use” table is obtained.

(¥3)
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Before the "use” and "make" tables can be combined, however, translation of the more
disaggregate BEA industry categories to SGM categories is required. The BEA publishes two
types of input-output accounts; the "benchmark™ I-O accounts and the annual I-O accounts. The
benchmark I-O accounts are published for economic census years and therefore include more
detailed data than are available on an annual basis. Annual I-O accounts, although published
more frequently, include 85 industry categories while the benchmark I-O accounts include 500
industry categories. Although the base year of the SGM is 1985, data from the 1985 annual I-O
accounts are not used directly to calibrate the SGM; rather these data are used to project
observations of the 1982 benchmark I-O accounts to 1985 levels. This is due to the energy sector
detail required in the SGM which is only available in benchmark years.

Table 1 provides a mapping of BEA's 1982 benchmark I-O industry categories to SGM
categories. Although most SGM categories are aggregations of BEA categories, a few SGM
categories are actually portions of more aggregate BEA categories. In particular, the SGM Crude
Oil Extraction and Natural Gas Extraction categories were created by separating the two from the
more aggregate BEA category, Crude Oil and Natural Gas Extraction. To separate the two
industries, it was assumed that (1) all crude oil and natural gas demand from the Oil Refining
industry is actually only crude oil, and (2) all crude oil and natural gas demand from the Gas
Transmission and Distribution industry is actually natural gas.

The SGM industry "Uranium Mining and Processing” also required some manipulation of the I-O
accounts data. Through discussions with BEA staff, values of uranium mining and uranium
processing were determined and extracted from the more aggregate BEA categories of -
"Nonferrous Metal Ores Mining" and "Industrial Inorganic Chemicals n.e.c”.

“Table 1
SGM Industry BEA Standard BEA
Category Category Industrial Classification
Classification

Agriculture Agriculture, Forestry 01 - 09,20 01-04,14

and Fishing; Food and

Kindred Products
Crude Oil Crude Petroleum & 13 08
Extraction Natural Gas*
Natural Gas Crude Petroleum & 13 08
Extraction Natural Gas*
Coal Mining Coal Mining 12 07
Uranium Mining Nonferrous Metal Ores 1094 0602
and Processing Mining, except Copper*
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Industrial Inorganic 2819 270104
Chemicals n.e.c*

Electricity Private Electric 4911 6801

Generation, Services (Utilities)

Transmission & ,

Distribution Federal Electric 7802
Utilities
State & Local 7902
Electric Utilities

Oil Refining Petroleum Refining 2911 310101
Products of Petroleum 2999 510103
& Coal n.e.c.

Gas Transmission Private Gas Production 492 . 6802

& Distribution (utilities)

Other Products Al other industries

* Part of this industry category.

Upon completion of the commaodity-by-commodity (CXC) "use" table, values are adjusted to
1985 levels by using data obtained from the 198S input-output accounts. Industry output and
intermediate consumption totals in 1985 for each of the SGM commodities are estimated using
the 1985 I-O data. Using these totals, CXC table values are then adjusted using the RAS (row
and column sum) adjustment procedure developed by Michael Bacharach [1971]4. Other
adjustments to the CXC table include industry-specific data reconciliation; for example, splitting
crude oil from natural gas and ensuring that uranium is only consumed by the electric generation
and defense industries.

IIb. Industry Value Added

Once completed, this CXC table provides the necessary information on the use of produced
commodities in the production of other commodities which will be used in the computation of
each industry's production function coefficients. Before these coefficients can be estimated,
however, information on the use of non-produced factors of production (i.., land and labor) is
required. Each industry's land and labor expenditures are included in the value added portion of
the I-O accounts. For benchmark years (e.g., 1982), the value added portion of the 1-O accounts
included the following components: (1) "compensation of employees” (labor expenditures), (2)
"indirect business taxes" (e.g., sales taxes, excise taxes, property taxes, import taxes (duties)), (3)

* This procedure adjusts the values within the matrix so that the row and column sums equal the 1985
estimated totals.
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“other value added” (e.g., profits, land rents). In order to obtain information on land and labor
expenditures in the form required by the SGM, some adjustments to the data provided in the [-O
accounts are necessary.

Land

In the I-O accounts, the real estate industry includes rents for buildings but not for land. Land
rents paid by each industry is included in the "other value added” component of value added in
the 1-O accounts. A separate land component is imperative for the SGM to study the effects of
greenhouse gas emissions on land use; particularly for the Agriculture sector. The land
component for each SGM industry was separated from the "other value added” component by
estimating each industry's expenditures on land. Land rents by SGM industry were estimated by
applying an average cost of agricultural land (based on data obtained from the U.S. Department
of Agriculture) to land use data from the "Statistical Abstract of the U.S." published by the
Department of CommerceS. These estimates of land rents for each SGM industry are added as a
separate component to each industry’s value added and accounted for by subtracting an equal
value from the "other value added" component of value added.

Labor

Industry labor expenditures are given in the "use" table of the I-O accounts as a component of
value added called "compensation of employees". These data are aggregated to SGM industries
at the same time as intermediate production. The only adjustment to the industry labor
component is the extraction of labor used for government services from the "Other Products"
industry sector. Prior to SGM industry aggregation, the industrial production component of the I-
O accounts includes a "Government Industry” which contains labor as its only input to
production. (This industry was added to the "Other Products” industry during SGM industry
aggregation). Since the calibration of the government services' utility function (discussed in
Section 111.d. below) is conducted separately from industrial production, government labor
expenditures need to be included with other government expenditures in the final demand portion
of the I-O accounts. Therefore, government services labor expenditures are extracted from the
"Other Products” sector and added as another component of the government's final demand.

Corporate Retained Earnings

Included in the total amount of savings available for investment is corporate retained earnings;
the amount of corporate profits retained for investment purposes. The SGM estimates the
corporate retained earnings rate (the percentage of corporate profits retained) for each sector as
follows: :

RE, = a,(1 - &™) ()

where

% An average agricultural land rental price was used on the assumption that (1) agricultural land makes up
the majority of total usable land area and (2) the differential from urban land prices will be reflected in the
constant term of the production function.

o el el
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RE; = corporate retained earnings rate of sector i;

aj = the maximum potential retained eamings rate;
r = the real market interest rate; and
Bi = the retained earnings sensitivity to the real interest

rate.

Although separate retained earnings rates are defined for each sector, an average retained
earnings rate over all sectors was applied to each. To calibrate equation (1) to the 1985 base year
it is necessary to first calculate an actual retained earnings rate over all sectors for 1985 by
dividing 1985 total corporate retained earnings by 1985 total corporate profits obtained from the
"Economic Report of the President, 1992". Next, the maximum potential retained earnings rate
was estimated from historical data to be 0.60 (i.e., the percentage of corporate profits retained
would never expect to be higher than 60%). Last, assuming a real market interest rate of 3%, the
sensitivity parameter (bi) can be directly calculated from equation (1).

ILc. Capital Inputs

In addition to the factor inputs described in the I-O accounts, data on the underlying capital stock
used in production are also required to compute each industry's production function coefficients.
The SGM requires productive capital stock of each industry to be divided into “vintages"
corresponding to the 5-year period in which the capital was initially purchased. "Vintaged"
capital stock allows for improvements in production efficiency (e.g., as a result of technological
change) within an industry. The SGM also assumes capital to be a fixed factor of production and
to be completely productive until its average lifetime is reachedS. The SGM assumes that at any
period of time, an industry produces using capital stock from the number of vintages equal to the
average lifetime of capital in that industry divided by 5 (length of 2 SGM time step (period)). For
example, in period 1 (which includes the years 1986 to 1990) an industry with an average capital
lifetime of 20 years would have four vintages of capital stock: (1) capital stock purchased during
the period 1971-1975, (2) capital stock purchased during the period 1976-1980, (3) capital stock
purchased during the period 1981-1985, and (4) capital stock purchased in the current period
1986-1950. Each of these capital stocks would be used to produce output in period 1.

Annual equipment and structures capital stock data were obtained from the "Fixed Reproducible
Tangible Wealth in the United States” published by the BEA and are consistent with the national
income and product accounts (NIPA). These data include annual values by BEA industry
category for gross capital stock, capital inputs, net capital stock, depreciation, and discards. As
with the I-O tables, these data require conversion from BEA industries to SGM industries.

To calculate capital stock by vintage for each SGM industry, it is necessary to first calculate
annual investment by industry as the difference between the industry's current year's gross capital
stock and last year's gross capital stock plus the current year's discards. Capital stock by vintage
is calculated by taking the sum of investment over the vintage's corresponding 5-year period and
subtracting the "vintage" discards which are calculated on the basis of lifetimes of equipment and
structures, and annual investment numbers”.

¢ This differs from typical accounting methods in which capital is depreciated over time.
? Note: Since the BEA capital stock data includes actual discards which do not always occur at the exact
end of the capiral's lifetime (some capital could have been discarded before or after the capital's average
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As discussed previously, the production function for each industry is the sum of separate CES
production functions for each vintage. For example, an industry with an average capital lifetime
of 20 years would have the following production function in Period 0:

Qa,.\' = qo.s + q-l.: + q-J..\' + q~3.: (2)

where

Qos = total production of commodity s in period 0; and
Qu,s output of commodity s produced with vintage v capital
stock (based on a CES production function).

This specification allows for improvements in productivity (e.g., technological change) over time.
This improvement in productivity is based on the Hicks-neutral technological change rate which
consists of a percentage rate of change in production efficiency incorporated into the scale factor
(a0) of each vintage's CES production function. Table 2 presents the average capital lifetimes
and the historical rate of Hick's-neutral technological change assumption for each SGM sector.
These rates were calculated based on historical data on the use of factor inputs in production, and
are applied only to historical vintages in the SGM (i.e., vintages prior to period 0). Future
productivity growth assumptions were determined separately and are documented in Fisher-
Vanden, et. al. [1993].

Table 2
SGM Industry Average Capital Rate of Hick's-neutral | Elasticity of
Category Lifetime (in years) Technological Change | Substitution in

(in %)* Production

Agriculture 20 0 04
Crude Oil Extraction 15 1.5 0.5
Natural Gas 15 1.5 0.5
Extraction _
Coal Mining 15 25 0.5
Uranium Mining and 15 1.0 0.5
Processing

lifetime), adjustments 1o the capital stock data are needed to reflect the SGM assumption that discards
occur at the time the capital's lifetime has been reached. This is done by summing annual investment
values (the difference between the current year's gross capital stock and last year's gross capital stock plus
the current year's annual discards value given by the BEA) over the 5-year vintage period and adding a

"vintage” discards value which is calculated based on the SGM capital retirement assumption. By
caleulating vintage capital stock this way, the only discards taken into account are those based on the SGM
assumption; BEA discards are not included. Since capital stock values include equipment and structures,
"vintage” discards in these benchmark data will only exist in cases where either an industry's equipment or
structure lifetime is less that the average lifetime for both equipment and structures. This is done only for
benchmarking purposes only, and ance in the SGM, equipment and structures are combined and retired at
the average lifetime of both,
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Electricity 35%x 1.0 0.2
Generation,
Transmission, and
Distribution

Oil Refining 30 0.5 0.1
Gas Transmission and 30 0.5 . 0.15
Distribution

Everything Else 20 0.5 0.5

* Applied to vintages prior to period 0.
** Except for hydroelectric power plants (65 years).

.. Subsectors

In order to fully understand the effects of certain economic activities on potential greenhouse gas

" emissions and to adequately address the consequences of certain policy actions to reduce
greenhouse gas emissions on these activities, some further disaggregation of SGM industries is
necessary. In this version of the SGM, the following disaggregation of particular SGM industries
was done: (1) the Crude Oil Extraction sector was disaggregated into three subsectors each
representing a different "grade” of crude oil; (2) the Natural Gas Extraction sector was also
disaggregated into three subsectors each representing a different "grade” of natural gas; and (3)
the Electricity Generation sector was disaggregated into six subsectors each representing a
different method of electricity generation (e.g., oil-fired electricity generation).

"Grades" of crude oil and natural gas pertain to different levels of extraction costs8. For
example, grade 1 of crude oil has the lowest cost of extraction which could represent the process
of extracting oil close to the earth's surface. Grade 3, on the other hand, would have the highest
cost of extraction and could represent extraction which requires much more extensive drilling
procedures. Due 10 the different method of extraction associated with each "grade"”, a different
production function specification is required for each grade. Using assumptions based on the
cost of extraction for each grade, the I-O accounts and capital stock data for both the Crude Oil
Extraction sector and Natural Gas Extraction sector are partitioned into different grades. Itis
important to note that although each grade has an associated method of extraction, the output
produced is assumed to be homogeneous; thus, unlike sectors within the SGM, each grade faces a
common output price of either crude oil or natural gas. Therefore, the likely outcome of the
model would be that more of the "cheapest” grade (i.e., the grade with the lowest cost of
extraction) would be produced relative to other grades.

The Electricity Generation sector was disaggregated into the following six subsectors based on
the method of generation: (1) oil-fired electricity generation; (2) natural gas-fired electricity
generation; (3) coal-fired electricity generation; (4) biomass-fired electricity generation; (5)
nuclear electricity generation; and (6) hydro or solar electricity generation®. Data on annual net
electricity generation by energy source and associated costs in addition to assumptions on capital
intensity were used to separate the J-O accounts and capital stock data of the Electricity

* In the SGM, “grades" do not refer to the quality of crude oil extracted, but rather to the cost of extraction.
* Capital purchased in this subsector prior to 1991 is assumed to be used in hydroelectric generation.
Subsequent purchases of capital are assumed to be used in solar electricity generation. Different "vintage"
production functions are used 1o reflect this separation.
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Generation sector into these six subsectors. As with Crude Oil and Natural Gas Extraction, these
— data are used to create production functions for each subsector and each subsector faces a
common price of output (i.e., the price of electricity).

IIe. Elasticities of Substitution in Production

The fina) items necessary to estimate production function parameters for each sector (or
subsector) are assumptions on the elasticities of substitution among factors of production.
Although in most cases elasticities of substitution for each production function were obtained
from existing literature (e.g., Ballard et al [1985]), some were estimated based on the underlying
assumptions of the SGM. ' For instance, since activities at a lower level of aggregation are being
described within the electricity sector, a lower level of substitutability among factors is implied.
Therefore, a quasi-Leontif production function (i.e., a CES production function with an elasticity
of substitution value close to 0) was assumed for the electricity subsectors. Table 2 provides the
elasticity of substitution values chosen for each sector in the SGM.

IIIL. ESTIMATION OF MODEL PARAMETERS
IILa. Calibration o>f7the CES Production Functions
As previously discussed, each SGM sector and subsector has associated with it a unique
production function in order to reflect differences in production processes. As shown in equation

(2) above, total production in each sector and subsector is the sum of vintage production (i.e.,
output associated with each vintage capital stock). Each vintage production is described by the

"} following CES production function:
I
N- 2
9vs = Qogy (z Qis Xy + ans Xfisv) v = -vV..0 3)
Inf
where
qv,s = output of commodity s produced with vintage v capital stock;
ag,s,v = scale coefficient in vintage v's production of commodity s;
ajs = factor intensity of the ith input in the production of
commodity s;
N-1 = number of variable inputs (N = total number of inputs; 1 refers to the number
of fixed factors (i.e., capital) in Version 0.0);
Xis,v = demand for inputi in vintage v's production of commodity s;
aN,s = factor intensity of the capital input (input N) in the production of commodity
55
XN,s,v = demand for the capital input (input N) in vintage v's production of
. commodity s;
p = elasticity of substitution parameter; and
-Vg = oldest vintage capital stock for industry s (equal to the negative of the

average lifetime of capital for industry s divided by the length of a period
(i.e., Syears)plus 1)

10
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As evident from equations (2) and (3), Version 0.0 of the SGM assumes that relative production
function factor intensities do not differ between vintages. The difference in production between
vintages is due to the overall efficiency of all inputs; not to the efficiencies (or inefficiencies) of
individual inputs to production. Therefore, Version 0.0 of the SGM assumes that the factor
intensity parameters of each vintage production function (within a sector or subsector) differ only
by a scalar (reflected in the scale parameter (ag s v)). This scalar comprises the Hick's-neutral
technological change parameter; a parameter which reflects the overall production efficiency of
the vintage. The relative factor intensity parameters, therefore, do not differ between vintages
within a sector or subsector and the scale parameters of each vintage production differ only by
the rate of Hick's-neutral technological change.

As previously discussed, the following seven data items are required to estimate each sector's
production function coefficients: (1) intermediate production data (based on the I-O accounts) by
sector and subsector; (2) industry value-added data (also based on the I-O accounts) by sector
and subsector; (3) final demand sector and subsector data; (4) capital stock data by sector and
subsector and vintage; (5) assumptions on the lifetimes of each sector's capital stock; (6)
assumptions on the rate of Hick's-neutral technological change; and (7) assumptions on the
elasticities of substitution in production. Once these data are compiled, a method to compute
CES production function coefficients is applied. This method was specially developed for the
SGM in order to handle vintaged capital stock in production. The steps involved in the
computation of these coefficients are as follows:

1. Except for land and labor, set all 1985 input prices10 equal to 1. Compute the price of land
and labor as follows11:

_ TE land
Pund = Total Land @
_ T E labor
Piator = Total Labor ®)
where
TE]and = Total land expenditures in 1985 (discussed in Section 3.2.2).

TEjabor = Total labor expenditures in 1985 (based on I-O accounts).
Total Land Total U.S. managed land in 1985 (in 1000 km?2).
Total Labor Total U.S. employed population in 1985 (in 1000 persons).

2. Compute the output price of a commodity as,

'® Setting an input price to 1 is interpreting the unit good as the quantity of the input which can be
purchased in 1985 with 1 million 1982 dollars (since the data of the SGM are in millions of 1982 dollars).
! Since the price of land is obtained by dividing 1985 tota) land expenditures (in millions of 1982 dollars)
by total managed land (in 1000 km?2), the price of land can be interpreted as the millions of 1982 dollars
required to purchase 1000 km2 of Jand in 1985. Similar to the interpretation of the price of land, the price
of labor can bc interpreted as the millions of 1982 dollars required to hire 1000 workers annually.

11
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TO - IBT

Py, = 6
0 70 6
where

Po = Output price of the commodity!2 (in millions of 1982 dollars).

TO = Total output of the commodity (in millions of 1982 dollars).

IBT = Total indirect business taxes paid in 1985 associated with the production of

the commodity (in millions of 1982 dollars).

3. As discussed above, relative factor intensities within a sector or subsector do not differ.
Therefore, factor intensity parameters for the variable inputs can be calculated based on the
assumption that total output is produced from one vintage (i.e., total production can be described
by one CES production function rather than a summation of multiple CES production function
(as in equation (2)). The production function factor intensity parameters for the variable inputs
are computed using the following equation which is a direct result of the SGM's profit-
maximizing assumption:

P
Xij » Py .
a/./ (Xi,olhcr) Po,oth:r ! ] h N ] ’ - - (7)

where,

o j = factor intensity of the ith input in the production of commodity j,

Xi,j = total demand for the ith input in the production of commodity j,

Xjother = total demand for the ith input in the production of the "other products”

commodity,

Po,j = output price ("price received") of commodity j,

Po,other = output price ("price received”) of the "other products” commodity,

p = elasticity of substitution parameter,

M = p/(p-1),

N-1 = number of variable inputs.

Derivation of Equation (7)

Hotelling's Lemma states that the partial derivative of the profit function with respect to the price
of the ith input results in the negative profit-maximizing total factor demand for that input; i.e.,

o7 _ g G
| 5P, e )
where
o = total profit in the production of commodity s; i.e.,

' This price refers to the price received by this sector. The price paid is set to 1 (as mentioned in the input
price discussion previously) and is the same as the input price for the commodity produced in this sector.
As implied, the price received by producers of a commodity is less than the price paid by purchasers of the
commaodity as long as IBT is positive (i.e., taxes paid in a sector is less than subsidies received).

12

1 & & T e



reb 1l Do Jdo-coHl] DRl Ll Lol

N-1
7, = Podg, - 2 PuX, 9)
i=l
where
Pos = outputprice (price received) of commodity s,
Pis = inputprice (price paid) of the ith commodity in the production of commodity
S,
Xjs = total demand of the ith input in the production of commodity s,
Qs = total output of commodity s,
N = number of inputs to production,
N-1 = number of variable inputs to production (since there is only one fixed factor

(capital)).

Evaluating equation (8) using equation (9) and the "single vintage" CES production function
defined as,

177

N-1
4, = an (D aisXb + ansX%) 10)

J=!

the demand for the ith factor input to the production process can be directly calculated as,

ai..\' Y ?
Xis = (@0 Pop” ) (=) i=1.N-1 an
Ls

where, assuming capital is the only fixed factor,

Y = aNJ‘X f\’l..‘ (12)
and
N-J
Z = 1-(osPos)' (Y. alt'? P (13)

i=

Equation (7) is the result of normalizing Xi,s in equation (11) by dividing by the factor input
demand equation for the "Other Products” sector. Note: the aother,s parameter is assumed to be
equal to 1 in order to obtain the a; s parameters in relative terms.

4. Asdiscussed in Step 3, the vintage capital structure of the SGM does not affect the calculation
of factor intensity parameters for variable inputs. This vintage capital structure, as designed in
Version 0.0 of the SGM, allows for overall efficiency gains in the production process. These
overall efficiency gains are incorporated into the scale factor for each vintage, defined as,

P e ad/ JU
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Uosr = Bo,*(1+8.)" (14)
B where
!

@osv = scale factor in vintage v's production of commodity s;

Bo,s = overall scale factor in the production of commodity s (constant between
vintages); _

gs = Hick's-neutral techological change rate in the production of commodity s;

v = vintage (e.g., v = -3...0 for a sector or subsector whose capital lifetime equals
20 years).

In addition to the calculation of the scale parameter (@o,s,v ), "vintaging" also affects the
calculation of the capital intensity parameter (aN s ). As previously discussed, total output in a
sector or subsector is described as the summation of vintage production (equations (2) and (3)
above). Capital is entered into the production process as separate vintage capital stock; not as a
total annualized cost as with the variable inputs to production. Although the capital intensity
parameter does not differ between vintages (similar to the variable inputs), due to the vintage
capital structure of the SGM, the capital intensity parameter cannot be calculated similar to the
variable inputs.

From equation (14), the vintage scale parameter (ot s v ) can be determined given the Hick's-
neutral technological change rate and the overall scale factor (By, s ). Therefore, upon completion
of Steps 1 through 3, two parameters still need to be estimated--the overall scale factor (Bo,s)
and the capital intensity parameter (a)N s ). Due to the vintage structure of the production
process, these parameters cannot be dxrectly determined; therefore, an iterative process must be
applied to solve for By g and aN s.

" »% The steps involved in this iterative process are as follows:

(1) Choose an initial value for B .

(2) For each variable factor input, compute X; g as the total expenditure for the ith input
factor in the production of commodity s (value from the IO table) divided by the factor
input price ("price paid")13.

(3) For each variable factor input, calculate a; 5 using equation (7).

(4) Solve for a) ¢ using equation (2) with equation (3); the variables determined in Steps (1)
through (3); and assumptions on the elasticity of substitution parameter.

(5) Compute the difference between the actual and estimated input demand for the "other
products” commodity in the production of commodity s. The estimated input demand for
the "other products" commodity in the production of commodity s is defined as,

olhcr_‘ Z X otherxyv v (15)
v=-¥,
where
Xother,s = estimated input demand for the "other products” commodity in the

production of commodity s;

'3 Except for Jand and labor, input price (price paid) should be equal 1o 1 in the benchmark year (as

_ i previously explained).

14
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: -Vg = oldest vintage capital stock for industry s (equal to the negative of the
— average lifetime of capital for industry s divided by the length of a period
E (i.e., 5 years) plus 1); and
Xother,s,v = estimated input demand for the "other products” commodity in vintage

v's production of commodity s defined as,

H ]
Aoiher.s ; Y ;
othersv  — ao.t.vP,x— ey
X others. (Qssv P Pollu:r,.r) (Z) (16)
where
Y = aN,_yXﬁ_;_J (17)
and
Nl
Z= 1'(“0.: PU.J)'“(Z aé’:ﬁé’u}’éﬁm;) (18)
. J=1

(6) If the difference computed in Step (5) is sufficiently close to zero (less than a specified
convergence criterion), a solution is obtained; otherwise, a search procedure is applied to
adjust Bp s and Steps (1) through (5) are repeated until a solution is reached.

(7) Once a solution has been found, the factor intensity parameters for each sector are
normalized to sum to 100 in order to compare relative intensities between sectors. In
addition, estimated production levels and profit rates are verified with actual data from
the JO table.

- } (8) Steps (1) - (7) are repeated for each SGM sector and subsector.

IILb. Computation of Reserves

Upon completion of the CES production function calibration, reserves of depletable resources by
vintage for the base year (period 0) are calculated based on estimated levels of production in the
depletable resource sectors. Actual total reserves produced in the base year (1985) is available
from existing sources, but due to the vintage production structure of the SGM, reserves produced
by each vintage need to be estimated. The ratio of actual energy extracted to actual levels of
production was used to obtain estimated energy extracted (reserves) from estimated levels of
production. The following equation was used to determine vintage reserves of depletable
resources produced by each vintage in period 0:

PRDEN,,

Reserves;. = Q. (L;+5*v) PRD,

v=(0..-3 19)

where

Reserves_i,v14= reserves (in exajoules) of depletable resource j produced by vintage v;
Qj.v = output (in 3) of depletable resource sector j produced from vintage v;
5 P tag

Lo ) * Vintage 0 reserves pertain to the amount of resources which will be transferred to reserves in period 0.

15
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Lj = lifetime of capital stock in sector j;

PRDEN; = total depletable resource extracted of commodity j (exajoules) in
period 015;

PRD; = actual total production of commodlty j (in $ - from IO tables).

I.c. Calibration of the Investment Function

Annual aggregate investment levels in each sector of the SGM is represented by the following
functional relationship which is essentially an accelerator from the previous period's total
investment levels:

1. = aol..,(baserate, )" f (exp(7,,))™ (20)

where

Its = annual level of investment in sector s at time t;

Ie+1s = annual level of investment in sector s at time t~+1;

baserate; = underlying growth in the economy affecting investment;

flexp(nt,s)) = a function of the expected profit rare;

ag = gcale coefficient; and

2], 2y = sensitivity parameters.

In version 0.0 of the SGM, the baserate variable is represented by the growth in potential
employment (labor supply) and growth in lagged productivity; specifically,

(GNP
_ , PE, E 7.,
baserare, = (PE,.,)((GNP) ) @D
E 12
where
PE = potential employment (population ages 15 to 64);
GNP gross national product;

E = total employment; and
" (GNP/E).) = gnp per worker (productivity) at time t-1.

In version 0.0 of the SGM, the function of expected profit is deﬁned as the growth in expected

profit ; specifically,

exp(,.)
(exp(n,)) = ———— 22a
flexp(n.,)) xp(7r10) (222)
where
exp(nt,s ) = the expected profit rate in sector s at time t.

¥ Thesc data were obtained from the Annual Energy Review 1985.

16




FEB 12 ’S8 ©5:29AM BATTELLE ESD F.19739

The expected rate of profit can be .interpreted as the present value of an average profit rate
occuring at the middle of each year for the lifetime of the capital investment; specifically,

] lifetime -4 .
exp(m,) = =3 N, 22b
f( xp( IJ)) (]+r+ws)0.5 pr (]+r+w;)' ( )
where
r = the real interest rate (assumed to be 3% in the baseyear);
wg = the sector-specific interest rate wedge (representing the additional

interest rate risk associated with sector s);
- lifetimeg = sector-specific lifetime of capital investment; and
Tt s sector-specific profit rate at time 1.

Calibration 10 the base year

1§

Calibrating sector level investment to the base year involves a two step process. First, in order to
obtain the scale and sensitivity parameters (cq, a1, 0t2) an aggregate investment function
(described by equation (20)) was econometrically estimated on the macroeconomy level. Next,
these scale and sensitivity parameters were used in each sector-specific investment equation
(equation (20) for each sector) to determine sector level investment in the base year. Estimated
sector-specific investment levels in period 0 were reconciled with actual investment levels by

- } adjusting the investment wedge parameter for each sector and subsector.

R Investment levels at the subsector level are determined separately from sector-level investment.
For each sector without subsectors, the investment equation given in equation (20) was calibrated
by using the scale and sensitivity parameters which were estimated on an economy-wide scale
and adjusting each sector’s interest rate wedge until its base year investment level is achieved.
Sector-specific variables in the investment equation include Jagged investment and the expected
profit rate. The base rate variable and the scale and sensitivity parameters are identical across
sectors.

In the SGM, investment is determined at the sector level; therefore, investment equations only
exist for sectors and not subsectors. Within a sector, investment for each subsector is determined
by allocating sector level investment using the following logit share equation:

(E T I,is.\')p
Shareyy = S (23)
2 (E 7t )
isy=]
where
Sharerjss = Share of total sector investment allocated to subsector iss;
Emy iss = expected profit rate for subsector iss at time t; and

p = sensitivity parameter.

17
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In order to calibrate the investment equation for a sector with subsectors, aggregate values for the
sector-specific variables (i.e., lagged investment and the expected profit rate) within the
investment cquation are required. Lagged investment at the sector. leve] is obtained by
aggregating subsector lagged investment.

As previously stated, once all other variables and parameters in the sector-level investment
equation are determined, the sector-specific interest rate wedge was adjusted to reconcile
estimated investment with actual investment. To accomplish this task for a sector with
subsectors, calibration of the logit share equation was required. From the investment equation,
the sector-level expected profit rate was determined directly since all other variables and
parameters are known. This sector-leve] expected profit rate is essentially the denominator of the
logit share equation raised to the sensitivity parameter. Since the share of sector investment for
each subsector and the sensitivity parameter were known for the baseyear, subsector-specific
investment rate wedges are calculated directly from the logit share equation.

IIL.d. Calibration of Final Demands

The SGM comprises three final demand sectors - government, households, and trade. These final
demand sectors consume commodities produced in the nine producing sectors of the SGM and
are not producers of any market commodity!16. Input-output accounting ensures that the amount
of commodities produced by the producing sectors is equal to the amount of commodities
consumed by the producing and final demand sectors. Calibration of the final demand sectors is
performed to ensure equilibrium by choosing final demand parameters which result in an exact
replication of the final demand values provided in the baseyear input-output accounts. Details of
each final demand sector’s calibration process is provided below.

Government Final Demand

Commodities and primary factors of production (e.g., labor, land) are consumed by the
government final demand in order to provide government services. Within the SGM, three
government services comprise the government final demand sector - education, national defense,
and general government which encompasses all other government services. Government
expenditures must satisy the following identity:

N

TXtot - S = TReow + 2 PiXigm (24)
i1
where
TX¢ot = total net tax revenuesl’; .
Sgov = net government savings or, for negative values, net government

borrowing;
transfer payment by the govemment;

f

' The government final demand sector produces "government services” which are provided "free of
charge" 10 all sectors of the economy. Therefore, although the government final demand sector produces
services, it is not a producer of any market commodity as is the case with producing sectors.

' Subsidies arc measured as negative taxes.

18
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P; = price paid for input i; and
government demand for input i.

B xi,gov

Equation (24) states that government expenditures (right side of the equation) should not exceed
the government's budget constraint (left side of the equation).

Net tax revenue

Net tax revenue in the SGM comprises tax revenue from the following four sources: indirect
business tax; corporate income tax; social security tax; and personal income tax. The SGM
interprets indirect business tax as the difference between price paid (by consumers of a
commodity) and price received (by the producer of a commodity)18. Indirect business tax
expenditures for each producing sector is provided by the input-output accounts in industry
value-added. The SGM calculates indirect business tax revenue by applying an indirect business
tax rate to the value of production of each commodity. The following equation is used to
calculate the indirect business tax rate for each commodity

IBTtot,

IBTrate, = ———7— 25
' TO,-IBTewr, @)
where
IBTratej = indirect business tax rate for commodity i;
IBTtot; = total indirect business tax expenditures in the production of commodity i;
TO = total output of commodity i.
| } Combining Equations (6) and (25),

!
IBTrate, = — - 1 (26)
Py

Corporate income tax is a tax on corporate profits. The SGM applies an average corporate
income tax rate to all producing sectors. This average corporate income tax rate was determined
by solving for CITR in the following equation:

¥ N
Total Corporate Taxes = Y IBT: + Y .CITR* Profit, (27)
i=] i=]
where

IBT; = total indirect business taxes paid by sector i;

CITR = average corporate income tax rate;

Profit; = total profits of sector i ("other value added" in the 1/O accounts); and

N = number of producing sectors.

** For all practical purposes, indirect business tax can be interpreted as a sales tax.

19
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Total corporate tax expenditures in 1985 was obtained from the "Economic Report of the
President - 1990" and, as previously mentioned, total indirect business tax expenditures and
profits for each producing sector was estimated from the 1985 input-output accounts. With
knowledge of these data, an average corporate income tax rate can be determined directly from
equation (27).

Social security tax is a tax on labor of which half is paid by employers as a tax on labor
expenditures while the other half is paid by employees as a tax on earnings. For employers, the
social security tax rate was determined using the following equation:

TLE ;
(TLE-TSS/2) ~

SSTRemp[o”r = (28)

where

SSTRemployer = social security tax rate for employers (applied to each employer's
labor expenditure);

TLE total labor expenditures across all sectors; and

TSS = total social security tax expenditures across all sectors.

The social security tax rate for both employers and employees was assumed to be equal;
therefore, the social security tax rate computed in equation (28) was assumed to be the social
security tax rate charged to employees also. :

Lastly, the personal income tax is a tax on income earned by consumers. This income includes:
(1) labor income after taxes, (2) income from land rents (all land is assumed to be owned by
consumers), and (3) corporate profits net of taxes and retained earnings (corporations are
assumed to be owned by consumers (i.e., shareholders)). Both total personal income tax paid by
consumers and total personal income for 1985 were obtained from the "Economic Report of the
President - 1990" allowing an average personal income tax rate to be determined.

Govemment transfer payments

It was determined that a significant linear relationship exists between total government transfer
payments and population. Therefore, a linear regression was conducted on the following
equation using total population and total government transfers time series:

Total government transfers = G0 * Population + Gl 29)
where

GO, G1 = appropriate empirically determined coefficients.

Government demand for goods and services

The demand for goods and services by the government sector is modeled in the SGM as a
constrained optimization problem. Instead of maximizing profit subject to a budget constraint (as
is the case with the producing sectors), the objective of the government is to maximize utility

20
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subject to the government's budget constraint defined in equation (24). The following CES utility

T function defined over the three government services is used:
NGS 1/ u)
GU = (D.5,G4) (30)
=1 .
where

GU = government utility, an unobservable variable;

Ggs = the production of government service ss; -

dss = distribution parameter for service ss;

T = elasticity parameter (equal to -0.5); and

NGS = number of government services (equal to 3 in SGM Version 0.0).

As discussed in Edmonds, et. al. [1991], the goal of the government sector is to maximize utility
(Equation (30)) subject to its budget constraint (Equation (24)). The utility-maximizing
production of government service ss is described as:

NGS -1
Gu = (TXt0t - Sgor~TRyw) B PLP (D By Pis) 31)
isy=/
where
Bss = 38s5(-1/(m-1));
} Y = p/(p-1); and
Y
Pg_y; = Z ai,g.n Pi (32)
i=? ’
where
Pgss = thecostof the next unit of government service ss;

Pi = the price of input i in the production process; and
aj,g,ss = the amount of input i required to produce government service ss.

The government utility function was calibrated to the base year as follows. First, the aj g 55
parameters are defined as the ratio of the quantity of input i used in the production of service ss.
Therefore, these parameters can be calculated using the input-output account values of each input
in the production of government service ss, and the assumed base year prices of these inputs; i.e.,

IOi >
(=)
Qigss = TN (33)

> 10,4

J=!
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where
10j,g,s5 = value of input i used in the production of government service ss (from
the input-output accounts);
P; = price of input i ("price paid"); and
NIN = number of inputs.

These aj g ss are then used in equation (32) to obtain the value of Pg s for each government
service ss. Once the values of Py ¢ are determined, the 555 parameters in equation (31) can be
estimated using an interative process. This process involves minimizing the sum of squared
differences between the actual and estimated production of each government service (Gyy) by
choosing values for the parameters 8¢g (substituting 5gs(~1/(k-1)) for B in equation (31)).

Note: As discussed in Section 11.b. above, since the final demand sectors of the I/O table do not
include "value added", labor expenditures of the government final demand sectors are found in
the row component titled "Government Industry” of the 1/0 tables. This industry would be
included in the SGM "Other Products” sector; therefore, the 1985 "Government Industry” values
was separated from government's consumption of the "Other Products” commodity and
considered labor expenditures for each of the government final demand sectors.

Similar to the process used to estimate land expenditures for each SGM industry (discussed in
Section IL.b.), government land expenditures were estimated by applying an average cost of
agricultural land to the amount of land used for defense and education obtained from the
"Statistical Abstract of the U.S., 1992" published by the Department of Commerce. These land
expenditures were then subtracted from government’s consumption of the "Other Products"
commodity in order to guarantee data consistency.

Net government savings

If positive, net government savings is subtracted from total net tax revenues to obtain the
government's budget constraint. In the year 1985, the government (federal, state and local
together) ran a budget deficit (implying net govemment borrowing); therefore, this value would
be added to total net tax revenues to obtain the government's budget constraint. Net government
savings is calculated for the 1985 base year by subtracting 1985 total government expenditures
from total net tax revenue (discussed above). To fund this government deficit, total savings
(including personal savings and corporate retained earnings) less total investment was used.
Since this amount is not adequate to cover the total government deficit in 1985, the excess was
assumed to be funded through a foreign supply of capital. Since this version of the SGM is a
closed economy (except for crude oil), the amount of foreign capital supplied was specified
exogenously in the SGM's trade component as an import of capital in the base year and is
constant through future periods. Since the SGM assumes market equilibsium, no government
deficit will exist in future years; but in order to calibrate the SGM to the base year, this
exogenous supply of foreign capital is necessary.

Housebold Final Demand

The SGM assumes that a portion of the households' budget (personal inéomc) is allocated to
personal savings while the remainder is used to purchase produced commodities and primary
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factors of production. Disposable personal income consists of income from wages less taxes on
. labor; land rents (consumers are assumed to own all usable land) less taxes oo land; corporate
profits less profits tax and retained earnings; and government transfer payments.

Labor Supply

Household labor supply is estimated in the SGM using the following equation:

X labor = W AP * lador * (1 - epM:P“’) (34)
where
WAP = total working age population (ages 15 to 64);
QJabor = the maximum potential share of working age population employed in any
given year;
Plabor = alabor supply price responsiveness coefficient; and
Plabor = an average annual wage rate ($M per 1000 persons).

The following steps were taken to calibrate equation (34) to the base year: (1) the total working
age population in 1985 was obtained from the "Statistical Abstract of the U.S."; (2) an average
annual wage rate was calculated by dividing total labor expenditures (less amount paid in social
security tax) in 1985 by total employment in 1985 (in thousands of persons); (3) the maximum
potential share of working age population employed in any year was estimated to be 0.90 (or 90%
of working age population) which assumes that in any given year 10 percent of the working age
population cannot be employed; and (4) the labor supply price responsiveness coefficient was
directly calculated from equation (34) given the information in (1) through (3).

R Land Supply

Land supply is estimated in the SGM using the following equation:

Kind = TLA* Giong * (1 - /") (35)
where
TLA = total surface area potentially available for allocation; .
Qland = the maximum potential share of land supplied to the market;
Bland = a land supply price responsiveness coefficient; and
Pland = an average annual rental rate on a unit of land ($M per 1000 km2).

The following steps were taken to calibrate equation (35) to the base year: (1) total usable
surface area (which excludes unusable land such as deserts, marshes, rock, etc) was obtained
from the "Statistical Abstract of the U.S." (equal to 8313 km2); (2) an average annual land rental
rate was calculated by dividing total land expenditures in 1985 by total usable land area (in
thousands of km2); (3) the maximum potential share of land supplied to the market was estimated
to be 1 (or 100% of TLA) since TLA represents total usable land area; and (4) the land supply
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price responsiveness coefficient was directly calculated from equation (35) given the information
in (1) through (3).

Household Savings Supply

The following equation is used in the SGM to estimate the supply of household savings:

Swn = Y* Qi * (1 - Sumemc €2 (36)
where
Y = disposable personal income;
Ohhsave = the maximum potential savings rate;
Shhsave = a scale parameter;
Phhsave = the price sensitivity of households to the available interest rate; and

r the real market interest rate.

Equation (36) was calibrated by first assuming that the maximum potential savings rate for the
U.S. is equal to 0.20 (i.e., 20% of total disposable personal income) and the real market interest
rate is equal to 0.03 (i.e., 3%). With these assumptions and knowledge of the 1985 values for
disposable personal income and total personal savings, equation (36) can be written in terms of

Shhsave and Phhsave:
S

Y * C pisove

Ommeave = (1 ) g Pwer _ (37

In addition, the interest elasticity of savings was assumed to be equal to 0.40. The equation for
the interest elastiticity of savings is defined as:

5Shh * r - thswc IBM' 'eﬁ,,...,” *
hed UL e = 04
& S ( (1 - Sppeome P ") )%r 0.40 (38)

Combining equations (37) and (38), values for dhhsave and bhhsave can be determined.

Household Demand for Final Products

Household demand for the primary factors land and labor are computed separately from demands
for other goods and services. Household demand for Jand is defined as:

Xignam = NHH Qiomapm Piona (39)

where

Gjandhh = the household land intensity factor;
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Pland = the price of land; and
NHH = the number of households (in 1000s) which is defined as,
TOTPOP
NHH = ——— (40)
B
where

TOTPOP = total population (in 1000s); and
Bhh = the average number of people per household.

Equation (40) was calibrated to the base year (1985) by solving for By}, using 1985 actual values
for NHH and TOTPOP. Similarly, equation (39) was calibrated to the base year by solving for
®]and hh using estimated 1985 household demand for land (discussed in Section ILb.); 1985
price of land (discussed in Section 111.a.); and the estimated 1985 value for NHH from equation
(40). :

Similar to the process used to estimate land expenditures for each SGM industry (discussed in
Section I1.b.), household land expenditures were estimated by applying an average cost of
agricultural land to a portion (assumed to be 75%) of urban and transportation land obtained from
the "Statistical Abstract of the U.S., 1992" published by the Department of Commerce. These
land expenditures were then subtracted from household's consumption of the "Other Products”
commodity in order to guarantee data consistency.

Household demand for labor is defined as:

Xiasormn = Xusor Quaborsh Plasor (41)
where
®labor,hh = the household labor intensity factor;
Plabor = the price of labor; and
Xlabor = total labor supply (in'1000s).

Equation (41) was calibrated to the base year by solving for &jabor hh using estimated 1985
household demand for labor; 1985 price of labor (discussed in Section II1.a.); and the estimated
1985 total labor supply from equation (34).

Since the final demand sectors of the I/0 table do not include "value added"”, labor expenditures
of the household final demand sector is found in the row component titled "Household Industry"
of the I/O tables. This industry would be included in the SGM Everything Else sector; therefore,
the 1985 "Household Industry"” value was separated from household's consumption of the
Everything Else commodity and considered labor expenditures for the household final demand
sector.

Household demand for other goods and services are estimated as follows:
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1
Xdm = aipm P LI ( I)

Y. e = Y - Shh - X lemdhh Piona - X laborhh P labor

where

Xdj hh
@i hh
Bihh

Yi,hh

household demand for good i;
the household demand intensity factor for good i;
the household price elasticity of demand for good i;
total value of consumption which is defined as,

the household income elasticity of demand for good i; and

NS
A= Zal‘hh Pf:»*l}’:l.m'l
=/

Table 3 contains the household price and income elasticities used in the SGM which were

obtained from existing literature.

Table 3
Price Elasticity | Income Elasticity
Agriculture -0.28 0.30
Everything Else | -1.00 1.10
Crude Oil N/A N/A
Natura] Gas N/A N/A
Coal -0.82 0.89
Biomass N/A N/A
Uranium N/A N/A
Electricity -0.82 0.89
Refined Oil -0.82 0.89
Gas T&D -0.82 0.89

N/A: commodity not consumed by the household sector.

Except for values of aj hp, , 1985 values of all the variables in equation (41) were determined as
follows: (1) 1985 household demand for each good was obtained from the input-output accounts
(2) as previously discussed, all prices (except land and labor) were assumed to be 1 in the base
year; (3) Since the 1985 values all of the components of equation (43) are either known or have
been previously calculated, the total value of consumption (Y¢) can be determined. With these

values determined, the values of a; hh can be calculated from equation (42).
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Trade

As previously discussed, Version 0.0 of the SGM assumes a closed economy (i.e. zero trade) for
all goods except crude oil. For calibration purposes, it is necessary to exogenously add 1985 net
exports to demand and supply in order to replicate the 1985 base year values. Net exports for all
tradeable commodities!9 (except Crude Oil and Other Products) are held constant at 1985 values
for each period in the model. Net exports in the Crude Oil sector are set at 1985 values from the
I/0 tables for the base year, but are allowed to change in future periods; making up for the
difference in domestic excess demand for crude oil. The SGM assumes balanced trade and
implements this constraint by making up for any trade imbalances in the Other Products sector;
therefore, a trade deficit would be set 1o zero by an equal amount in export demand for the Other
Products commodity.

'* In the SGM, "wradeable” commodities refer to those commodities which could be traded and in Version
0.0 include all commodities except electricity, land, and Jabor.
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ABSTRACT

The Second Generation Model (SGM) is employed to examine four hypothetical agreements to
reduce emissions in Annex I nations (OECD nations plus most of the nations of Eastern Europe
and the former Soviet Union) to levels in the neighborhood of those which existed in 1990, with
obligations taking effect in the year 2010. We estimate the cost to the United States of complying
with such agreements under three distinct conditions: no trading of emissions rights, trading of
emissions rights only among Annex I nations, and a fully global trading regime.

We find that the cost of returning to 1990 emissions levels in the United States in the absence of
trading opportunities is approximately $108 per metric ton carbon in 2010. The total cost in that
year is approximately 0.2 percent of GDP. Emissions reductions are accomplished via energy
conservation across a broad range of residential, commercial, industrial and transportation
activities and by replacing coal fired power stations with natural gas facilities.

International trade in emissions permits lowers the cost of achieving any mitigation objective by

equalizing the marginal cost of carbon mitigation among countries. This is sometimes referred to

as “where” flexibility. “Where” flexibility allows least expensive emissions reductions to be
undertaken first, regardless of where they occur among trade participants.

For the four mitigation scenarios in this study, economic costs to the United States remain below
1% of GDP through at least the year 2020. This was the case even in the scenarios where the
United States met its mitigation targets without international trading of carbon permits.
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Return to 1990
The Cost of Mitigating United States Carbon Emissions in the Post-2000 Period

James A. Edmonds
Son H. Kim
Christopher N. MacCracken
Ronald D. Sands
Marshall A. Wise

Pacific Northwest National Laboratory

More than 160 nations have signed the Framework Convention on Climate Change (F CCC). That
agreement required Annex I nations, ! the developed nations of the world plus economies of the
Former Soviet Union and Eastern Europe, to undertake measures to return emissions to 1990 levels
or below in the year 2000. The parties to the FCCC met in Berlin in the Spring of 1995 and
determined that additional measures were required to implement the ultimate objective of the
FCCC, “to stabilize the concentration of greenhouse gases in the atmosphere at a level which
would prevent dangerous anthropogenic interference with the climate system.”

Subsequent to the Berlin discussions, nations of the world have begun to consider measures that
would set quantifiable emissions limitation requirements in the post-2000 period for Annex I
nations. Various measures have been considered. The purpose of this paper is to explore the
economic consequences of efficient policy instruments—carbon taxes or tradable emissions
permits—which might be employed to achieve a variety of targets in the post-2000 time frame.
Using the Second Generation Model (SGM), we estimate the costs to the United States of
complying with of four Annex I mitigation scenarios under three permit trading regimes.
Specifically, we examine the carbon taxes required for emissions mitigation and provide measures
of the costs of mitigation.

We begin by describing the variety of policy options to be considered and our general approach to
modeling those policies. We then review some of the necessary assumptions for this exercise, as
well as the structure and calibration of the SGM. Finally, we discuss the results of our analysis,
including time paths of emissions and measures of cost.

! Australia, Austria, Belarus, Belgium, Bulgaria, Canada, Czechoslovakia, Denmark, European Economic
Community, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Latvia,
Lithuania, Luxembourg, Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russian
Federation, Spain, Sweden, Switzerland, Turkey, Ukraing, United Kingdom of Great Britain and Northern
Ireland, and the United States.

2 In the United States, efforts were undertaken by the Interagency Analytical Team (IAT), and results were
summarized in United States Government (1997). The Second Generation Modeling team was one of
three modeling teams that participated in the evaluation of potential emission mitigation measures under
discussion. Note that the results presented in this paper differ from SGM results presented under the
auspices of the IAT. The IAT effort assumed higher rates of technical change induced by a response to
policy implementation. This study does not make the same assumptions.

1
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APPROACH

The SGM was used to simulate the impact of mitigation policies on the United States economy.
The SGM is a computable general equilibrium economic model that projects economic activity,
energy consumption, and carbon emissions for the United States and 11 other world regions. A
more complete description of the SGM follows in the next section.

Four scenarios were constructed that reduce carbon dioxide emissions in Annex I countries by
2010. The four policies, designated ‘M_’, are listed below. Figure 1 shows United States
emissions paths for the four scenarios and the reference case in million metric tons of carbon
(MMTC). The reference case is a business-as-usual scenario, or what we project will happen in
the absence of a mitigation policy. In each mitigation scenario, allowable emissions are reduced
linearly from the reference level in 2000 to the emissions target in 2010.

M1990 Emissions from Annex I regions must be no greater than 1990 emissions levels
beginning in the year 2010.

M1990+10% Emissions from Annex I regions must be no greater than 10% above 1990
emissions levels, beginning in the year 2010.

M1990-10%  Emissions from Annex I regions must be no greater than 10% below 1990
emissions levels, beginning in the year 2010.

M1995 Emissions from Annex I regions must be no greater than 1995 emissions levels
beginning in the year 2010.

[Figure 1. Carbon Dioxide Emissions Scenarios for the United States]

The four emissions mitigation scenarios each define a set of emissions rights for the Annex I
regions. In a mitigation scenario, regions must possess permits, or rights to emit, for every million
metric ton of domestic carbon dioxide emissions. Three emissions permit trading regimes were
modeled under each mitigation policy: independent emissions mitigation, Annex I joint mitigation,
and Annex I mitigation with global permit trading. The 12 SGM regions listed in Table 1 provide
the necessary global coverage to simulate these trading systems. Carbon taxes were used to
constrain emissions for each of the policy-trade combinations.

Table 1. Regions in the SGM

fomt

Annex I Non-Annex I
United States China
Canada . _ India
Western Europe Mexico
Japan South Korea
Australia Rest of World’®

3 The Rest of World includes Latin America, Africa, and other Asian countries.
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Former Soviet Union

Eastern Europe

In the independent mitigation case, each Annex I region must individually meet its required
emissions targets without any trading of permits across regions. A time series of carbon taxes is
determined for each region to reduce emissions to be equal to its allocated emissions rights.

With Annex I joint mitigation, a common carbon tax is applied to all Annex I regions to meet the
overall Annex I emissions target. However, regions are allowed to trade permits amongst _
themselves so long as the total constraint is met in each time period. Regions may only emit more
carbon than their allocated emissions rights allow if another Annex I region is willing to sell a
corresponding number of its permits, thereby forcing the seller region to reduce its domestic
emissions beyond the required target.

In the global trading case, emissions rights are allocated to Annex I regions at the same levels as in
the Annex I trading case. Under global trading, however, the Annex I regions are allowed to
purchase permits from each other and from non-Annex I regions so long as the global emissions
constraint is met. The global constraint in each period is composed of the Annex I constraint and
the sum of the non-Annex I regions’ reference level emissions in that period. The SGM is used to
determine a global carbon tax just large enough to meet the global emissions target.

In none of the above scenarios and trading combinations are non-Annex I regions forced to
constrain their emissions below reference levels. No mitigation targets or emissions trajectories are
imposed on those regions. Under the global permit trading regime, non-Annex I regions participate
in the market for carbon permits only when it is to their economic benefit to do so. These regions
are allocated permits equal to their projected reference emissions, so they are only required to
reduce their emissions by an amount equal to the number of permits they wish to sell.

Eastern Europe and Former Soviet Union Permit Allocations

While carbon dioxide emissions in most regions are anticipated to continually increase over time
beyond 1990 levels, this is not true for the Eastern Europe and Former Soviet Union regions.
Emissions in these regions have declined since 1990. Their reference case emissions trajectories
reflect this decline from 1990 to 1995 and then increase slowly from 1995 onward. The downturn
in emissions poses a special problem when allocating emissions rights. Two approaches to permit
allocations for the regions have been discussed in recent months. The first allocates permits based
on the stated policy scenario (e.g., M1990 allocates permits based on 1990 emissions level) so that
permits are allocated to them in the same way as they are to other Annex I regions. Because of the
decline in emissions in those regions from 1990 to 1995, however, this approach results in
emissions permits being granted to Eastern Europe and the Former Soviet Union in the policy years
that are greater than their reference level emissions. These ‘paper credits’ are equal to the
difference between the lower post-1990 emissions and the policy-level (i.., 1990) emissions. For
example, the Former Soviet Union’s reference emissions level in 2010 is 836 TgC, significantly
lower than its 1990 emissions of 1050 TgC. If granted permits equal to its 1990 emissions, it
would receive 214 TgC worth of permits more in 2010 than its projected emissions, giving it 214
TgC worth of permits to sell without incurring any emissions reductions of its own.
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The second approach to allocating permits to Eastern Europe and the Former Soviet Union is to
grant permits equal to reference level emissions in each period until the projected path is
constrained by the policy. For example, in the M1990 case, the Former Soviet Union would be
granted permits equal to its projected reference emissions through 2020 because emissions in the
policy years never recover to 1990 levels. .

For the purpose of this exercise, we chose to emphasize the latter approach in allocating emissions
to Eastern Europe and the Former Soviet Union. This reference allocation scheme ensures that the
stated Annex I emissions targets are achieved in both the independent mitigation and permit trading
scenarios. Because a final decision on the permit allocation method has yet to be made, however,
we have also included a discussion of the impacts of the mitigation policies utilizing the first
approach.

MODEL OVERVIEW

The SGM is designed specifically to address issues associated with global change. The model is
designed to perform the following types of analysis: '

1. Provide estimates of future time paths of environmentally important emissions associated
with economic activity.

2. Provide estimates of the economic cost of actions to reduce greenhouse gas emissions.

Sectors

The SGM has nine producing sectors and twelve inputs to production. The inputs are land, labor,
capital, and the nine produced goods. Economic detail is maintained in the energy supply and
transformation sectors that are important for greenhouse gas emissions projections, but aggregated
elsewhere into one large “everything else” sector.

Five different fuels are used for producing electricity, resulting in five subsectors for the electric
generating sector. A separate economic production function, of the constant elasticity of
substitution (CES) functional form, is used for each sector or subsector. Capital investment
decisions depend on an assumed lifetime of capital for each sector or subsector. Capital lifetimes
range from 15 years in the oil, gas, and coal production sectors to 70 years for hydroelectric
power. The relative size of each production sector and subsector is shown in Table 2.
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Table 2. Producing Sectors in the SGM

Gross Output in 1985

Producing Sector (millions of 1985 $)

1  Agriculture 468,618

2 Everything Else 5,086,486

3 0il Production 64,171

4  Gas Production 45,804

5  Coal Production 20,006

6  Uranium Processing 2,195

7  Electricity Generation 165,800
a. oil 10,959
b. gas 34,152
c. coal 85,930
d. nuclear _ 21,370
e. hydro 13,389

8  Petroleum Refining 145,015

9  Gas Transmission and Distribution 105,330

Market Clearing

In the SGM, markets are said to clear. In other words, the SGM solves for the set of prices for all
markets (or sectors) in the modeled economy so that demands and supplies of each market are in
equilibrium. The set of prices in which the equilibrium holds is called the market-clearing price
set. In an equilibrium model like the SGM, markets are linked to other markets through the
market-clearing process. For example, a change in the demand for coal will have an effect on not
just the price of coal, but also the prices of oil, gas, and, at least indirectly, the prices of all markets
in the economy.

Carbon permit prices and taxes are also solved by the SGM as part of the market equilibrium.
Specifically, the SGM finds the carbon price such that the amount of carbon emitted is just equal

to the carbon constraint of the region or group of regions under a carbon emissions limitation
constraint.

Carbon Taxes and Revenue Recycling

The SGM uses a carbon tax within each region to provide an economic incentive for the economy
to substitute away from carbon. Revenues obtained from the carbon tax can be very large, and
how the revenues are recycled, or redistributed to the economy, makes a difference in the final
economic cost. For this exercise, we assume that all carbon tax revenues are recycled back to
consumers through a lump-sum government transfer.

For the cases where emissions rights are traded between countries, each SGM region is allocated
an initial number of carbon emissions permits based on the stated mitigation policy (e.g., 1990
emissions levels for the M1990 scenario). Carbon permits can then be traded between countries at
a price that clears the global market in these permits.
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Modes of Operation

All of the SGM regions were initially developed as single-region models with a base year of 1985.
Each regional model operates in five-year time steps generally through 2030, 2050, or 2100. Most
of the single-region models were developed in collaboration with experts from that country. Itis
possible to run all of the regions individually or simultaneously in a global model with international
trade. The three modes of operation for the SGM are:

1. Single Region
2. Global with Partial Market Clearing
3. Global with Full Market Clearing

Single-region operation. For each SGM region, all produced goods are classified as being
tradable, nontradable, or traded at a fixed quantity. When SGM regions are operated
independently, a fixed world price is assumed for certain tradable goods; regions may import or
export as much of that good as desired at that fixed world price, subject to an overall balance of
payments constraint. For all nontradable goods, the quantity of trade is fixed in advance. The
following assignments are used when the United States model is operated independently:

Numeraire Sector: everything else (price always equals 1)

Fixed World Price: crude oil

Fixed Trade Quantities: agriculture, coal, nuclear fuel, refined petroleum, electricity
Nontradables: distributed gas, land, labor

For each region, the large ‘everything else’ sector is the numeraire, with its price fixed at 1 for all
time periods. The prices of the other sectors in the economy are reported relative to this fixed
value. The ‘everything else’ good is a tradable good for all regions. An exogenous balance-of-
payments constraint is specified in advance for each region. Most regions are assumed to move
linearly from a historical trade balance in 1985 to balanced trade by 2005.

Given a trial set of prices, the SGM computes supply and demand for all producing sectors and
primary factors of production. Markets for the nontradables and goods traded at fixed quantities
are brought into equilibrium by searching for a set of prices that equate supply and demand. Prices
are adjusted until supply and demand are within 0.01% of each other.

Global model with partial market clearing. The global version of the SGM is used when there is
at least one market that must clear globally. For the scenarios described in this paper, that market
is tradable carbon emission permits. The model searches for a global carbon tax, which can be
interpreted as a world carbon permit price, that clears the market for permits.

Each region is initially allocated a number of carbon permits and may trade those permits at the
world permit price. Some regions will be sellers of permits and some will be buyers. After trading
permits, all regions must hold permits equal to the domestic level of carbon emissions.
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All regions are still subject to a period-by-period balance of payments constraint. The model does
not allow borrowing to pay for carbon emissions permits. Imports of permits must be paid for with
exports of some other good.

Global model with full market clearing. There are no longer any markets with a fixed world
price. A set of world prices is found that clears all world markets. Also, world markets can be
created for goods that were traded in fixed quantities in the single-region model.

All of the scenarios described in this paper were run in the second mode, global with partial market
clearing. This mode was chosen for two reasons. The first is that we chose to adopt a fixed time
path of world oil prices for SGM model runs that were completed for the United States
Government during the spring of 1997. This meant that the world oil market would not be allowed
to clear in the model. The second reason is that model results are often easier to interpret when
some variables in the model remain predetermined over time.

Data Requirements
Three types of data are used to construct and calibrate each region of the SGM:

1. Economic and Demographic Data
2. Energy Balances
3. Technology Descriptions

Economic data include input-output tables and supplemental information from the national income
accounts. Population projections were obtained from the World Bank. Energy balance tables were
obtained either from the International Energy Agency or from government agencies within a region.

Input-output tables describe, in value terms, the flow of goods between industries and consumers in
an economy. However, a model concerned with quantities of carbon emissions must also be
concerned with quantities of energy. An input-output table alone is not sufficient to determine the
quantities of oil, gas, coal, electricity, and refined petroleum that are produced and consumed.
Supplemental information on energy quantities is required to map currency units from an input-
output table to energy units needed to calculate levels of carbon emissions. We combine economic
input-output tables with energy balance tables to create a hybrid input-output table with units of
joules for energy products and real dollars for all other products. Miller and Blair (1985) provide
a general description of, and the motivation for using, hybrid input-output tables.

Individual energy technologies are characterized by the annualized cost of providing an energy
service. Data needed to determine the annualized cost include capital cost, equipment lifetime,
annual fuel requirements, the interest rate, and other annual maintenance and operating costs.

REFERENCE CASE AND CALIBRATION

The cost of reducing greenhouse gas emissions is dependent on the reference case. The higher the
growth rate of emissions in the reference case, the greater the cost of returning to 1990 emissions.

Therefore, much effort is expended to create an acceptable reference case before running any of the
mitigation scenarios.
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Results for this study are reported for the years 1990 through 2020. The United States reference
case was closely calibrated to the Annual Energy Outlook 1997 (AEO97). Since AEO97 projects
only up to the year 2015, projections beyond 2015 are SGM model results and are not calibrated to
any other established projections. Projections of carbon emissions, population, gross domestic
product (GDP), energy consumption, and electricity generation for the United States are described
below.

For the other global regions, economic and energy consumption growth rates were roughly
calibrated to regional projections from the World Energy Outlook 1996 (WEQ96). For the Eastern
Europe and Former Soviet Union regions, projected energy consumption levels were adjusted
downward from the WEO96 projection to reflect recent events. Population projections for all
regions with the exception of the United States were set exogenously based on the World
Population Projections 1994-1995, published by the World Bank. The United States population
projection was set according to AEO97 projections. As mentioned earlier, the international crude
oil price trajectory was also taken from the AEO97. Prices for all other fuels and goods in the
model were determined endogenously

The general calibration procedure was to first match GDP growth by adjusting parameters that
control total factor productivity in the ‘everything else’ sector. Then energy consumption by fuel
was calibrated by adjusting input-specific technical change parameters. Carbon emissions are an

output of the model derived directly from primary energy consumption by applying fuel-specific
emission factors.

Carbon Emissions

In 1990, total carbon dioxide emissions from the combustion of fossil fuels in the United States
were 1,350 million metric tons of carbon. Model results show that total carbon dioxide emissions
continue to rise as fossil fuel consumption increases and emissions reach 1,871 million metric tons
by 2020. This amounts to a 39 percent increase in total emissions and an emissions growth rate of
1.1 percent per year. Reference case carbon emissions were shown earlier in Figure 1.

Gross Domestic Product

The two most important determinants of GDP are population growth and rates of change in
productivity. Total population levels for the United States were taken directly from AEQ97.
United States population grows from 250 million in 1990 to 323 million in 2020. This represents
an annual population growth rate of 0.85 percent per year.

GDP for the United States was matched to AEO97 projections by changing the total factor
productivity parameter for the ‘everything else’ sector. Beginning with the 1990 GDP of 6.1

trllion dollars, the economy grows at nearly 2 percent annually to reach 10.6 trillion dollars by
2020.

Energy Consumption
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Total energy consumption from 1990 to 2015 was calibrated to within 2 percent of projections
from AEO97. Energy consumption by fuel is shown for the United States in Figure 2. Total
consumption increases from 86 EJ in 1990 to 118 EJ in 2020. This increase represents an average
annual growth rate of 1.1 percent over that period. The annual growth rate in energy consumption
declines over time and by 2020 decreases to 0.5 percent per year.

Petroleum remains the major source of energy through 2020, but its share of total consumption
declines over time, giving way to natural gas and, to a lesser extent, renewable energy sources.
Coal is the third largest source of energy and its consumption grows steadily at slightly less than 1
percent per year. Nuclear energy’s contribution to energy consumption declines over time.

[Figure 2. Energy Consumption — United States Reference Case)

Energy consumption does not grow as fast as GDP, which results in the energy-GDP ratio falling
over time at an average annual rate of 1.0 percent per year. Figure 3 shows the energy-GDP ratio
generated by the SGM for the United States reference case.

[Figure 3. Energy-GDP Ratio — United States Reference Case]

Electricity Generation

Projections of electricity generation are similar to those of the AEO97. SGM total electricity
generation results are higher than the AEO97 projections by approximately 10 percent. Electricity
generation from natural gas is the reason for the higher result. Total electricity generated in 1990
is nearly 11 EJ, which grows at 1.5 percent per year and expands to 17 EJ by 2020. The major
source of electricity is the combustion of coal; however, electricity generation from natural gas
plays a significantly larger role with time. In 1990, electricity generation from coal contributed 53
percent of the total generation, while that from natural gas combustion contributed 17 percent of
the total. By 2020, the shares of electricity generation from coal and natural gas are closer.
Electricity generation from coal and natural gas comprise 44 and 34 percent shares of the total,
respectively. Highly efficient and low-cost natural gas combined cycle power plants incorporated
into the SGM contribute to the growth of natural gas as the choice fuel for electricity generation.
Nuclear power’s contribution to the overall demand for electricity declines with time as existing
power plants are retired and no new additional plants are constructed.* Renewable energy sources
for electricity generation include hydroelectricity, solar photovoltaics and others. Generation of
electricity from renewable sources increases slightly from 1990 to 2020; however, renewable
energy’s share of total electricity remains below 10 percent of the total.

COST OF EMISSIONS MITIGATION

“ The assumption of no new starts reflects a de facto nuclear moratorium. Were nuclear power to be

allowed to compete against other energy forms on the basis of price alone, the model would continue to
build new facilities.
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Although this exercise employed the 12-region version of the SGM, discussion of results in this
paper will focus on the United States. The SGM provides output on regional GDP and its
components and a detailed description of the composition of energy supply. In this analysis, we
focus on the broad economic impacts to the economy. Specifically, we discuss the permit prices
required to meet the various mitigation requirements and the costs to the United States economy of
undertaking such policies. We also discuss the impacts of the domestic carbon taxes on energy
consumption.

Permit Prices

Table 3 shows the permit prices by trading regime required for the United States to meet its
emissions targets under the four mitigation scenarios. Permit prices in the United States must
reach $108 per metric ton of carbon to reduce United States emissions to 1990 levels in 2010 in the
independent mitigation case. This price increases significantly with the tighter constraint imposed
under the M1990-10% case. Permit prices in the M1995 and M1990+10% scenarios are very
similar as only 5 TgC separate the constraints in the two cases in 2010. Mﬂ
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Table 3. United States Carbon Taxes Required to Meet Policy Goal = g o™

Eastern Europe & FSU Allocated Reference Case Permits — - 'or{.so 7£J"f

(1992 USS per Metric Ton of Carbon) é 6
Independent Annex I Joint Mitigation | Annex I Mitigation with
Mitigation : Global Trade
2010 2020 2010 2020 2010 2020
M1990 108 170 72 87 26 .27
M1990+10% 60 110 42 58 16 18
M1990-10% 173 260 109 122 38 36
M1995 61 112 70 106 26 32

Permit prices fall as more regions are included in the market for carbon permits. In the
independent emissions mitigation case, carbon emitters in the United States may undertake
emissions mitigation options available only within the United States. In the Annex I joint and
_global permit cases, however, regions are included that have mitigation options with significantly
lower costs, thereby lowering the marginal cost to the carbon permit market of meeting the desired
emissions targets. As we will discuss, this ‘where’ flexibility in meeting emissions targets has a
significant impact on costs as well as permit prices.

A fixed emissions level and an increasing reference case emissions level imply both a rising
percentage emissions reduction and a rising price of meeting the fixed emissions target. Increasing
population in the United States, and the economic growth that accompanies it, put upward pressure
on emissions that, in turn, forces larger shifts away from coal toward natural gas and renewable
energy sources. The availability of relatively inexpensive abatement options in the developing
world allows the permit price to remain relatively constant over time in those cases.
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As the permit prices decrease across trading regimes, the United States purchases increasing
quantities of permits from abroad, thereby enabling it to emit more than its allocated permits alone
would allow. Figure 4 shows United States emissions for the M1990 case across the three trading
regimes. Under the independent emissions mitigation regime, the United States is limited to
emitting only what it is allocated under the scenario, its 1990 emissions level. With Annex I
trading, however, the United States purchases 209 TgC worth of permits in 2010 and 244 TgC in
2020 from the Former Soviet Union and Eastern Europe. The purchases increase to 316 TgC and
436 TgC in 2010 and 2020, respectively, under the global trading regime. Again, ‘where’
flexibility reduces the amount by which a permit-buying region must reduce its emissions and,
therefore, reduces the cost to the region.

[Figure 4. United States Carbon Emissions — M1990 Cases}

The M1995 Annex I trading case is the only case in which the United States sells permits to other
regions. The permit price under independent mitigation in 2010, as shown in Table 3, is less than
that shown under Annex I trading. Because the United States can mitigate emissions less
expensively in 2010 than other Annex I regions, it reduces its emissions beyond the required 1995
target and sells permits to other Annex I regions. By 2020, however, the United States begins to
purchase permits from Eastern Europe and the Former Soviet Union.

Energy Consumption

Emissions mitigation is achieved primarily through two mechanisms: energy conservation -
reduction in total energy consumption - and replacement of coal-fired capacity with less carbon-
intensive fuels such as natural gas and renewables in the electricity sector. In the no-trading cases,
fuel switching from coal to natural gas and renewable fuels in the electricity generation sector
accounts for roughly 60 percent of the reduction in total emissions. Energy conservation makes up
the remaining 40 percent of the reduction. The domestic carbon tax of $108 in 2010 in the M1990
case results in a reduction of total energy consumption by 14 percent relative to the reference case.
Consumption of coal drops by 57 percent while consumption of petroleum drops by 7 percent.
Consumption of natural gas, however, increases by 4 percent due to fuel switching. Figure 5
shows energy consumption by fuel in the year 2010 for the four mitigation scenarios. Note that
even when emissions are returned to 1990 levels, the scale of the total energy system is not. The
fuel switching mentioned above allows the emissions targets to be met without reducing total
consumption by the same percentage as the required reduction in emissions.

[Figure 5. United States Energy Consumption in 2010]

Fuel substitution in the electricity sector results in the share of electricity generated from coal
dropping from 45 percent in the reference case to 20 percent in the M1990 case. The reduction in
electricity generation from coal is compensated for by increased generation from natural gas. The
share of electricity generation from natural gas increases from 29 percent in the reference case to
51 percent M1990 case.
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As discussed above, the domestic cost of stabilizing emissions at 1990 levels in 2010 without trade
is $108 per metric ton carbon. This cost roughly reflects the cost of abandoning existing coal-fired
power generation capacity and replacing it with-a new combined-cycle natural gas-fired unit. A
$108 per metric ton tax adds approximately $0.02 per kilowatt-hour to the operations and
maintenance (O&M) cost of power generation in a coal-fired plant. This additional cost makes the
O&M cost of the coal plant higher than the levelized cost of installing a new gas-fired combined-
cycle unit, roughly $0.05 per kilowatt-hour. The $108 tax, therefore, provides an emissions
mitigation plateau for permit prices that is not exceeded until most of the existing coal capacity is
replaced.

Certain caveats apply to the discussion above concerning the marginal cost of substituting natural
gas-fired electricity generation capacity for existing coal-fired capacity. The cost analysis requires
that the tax be levied indefinitely. If the tax policy is believed to be only temporary, the amount of
substitution is likely to be much less substantial and the tax level required for stabilizing emissions
could be higher. The tax level required for mitigation also depends on the cost of developing the
infrastructure necessary to supply natural gas to potential new users. Extending pipelines to
particular areas, for example, might increase the cost of gas enough so as to discourage switching
from coal-fired plants in those areas.

Cost Calculations

A very convenient way to characterize the response of any SGM region to a carbon tax is by
constructing a marginal cost of carbon curve. Figure 6 is a scatter plot of various carbon taxes
applied to the United States economy and the corresponding reduction in carbon emissions. Data
points plotted in Figure 6 are from the four independent mitigation scenarios for the United States.
Note that a positive tax is required to achieve any reductions in carbon emissions.

[Figure 6. Marginal Cost of Carbon]

The marginal cost curve is used to calculate one measure of cost that we will call the direct cost.
For any level of carbon emissions mitigation, the direct cost is defined as the area under the
marginal cost curve up to that amount of mitigation.> While the first units of emissions reductions
are very inexpensive; successive units become more and more expensive. So, as the constraints on
emissions become tighter across cases and over time, the cost of mitigation increases. Figure 7
shows the direct costs for the United States for the four independent mitigation scenarios. Direct

costs are shown at S-year intervals through 2020 as a percentage of GDP. These costs are plotted
as negative numbers.

{Figure 7. Cost of Emissions Mitigation — No Trading]

3 Note that these costs do not include the costs of establishing a domestic or international permit trading

system nor do they include the transaction costs associated with permit trading among firms and/or
regions.
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Figure 8 focuses on the M1990 case and shows how costs to the United Sates are.reduced with
trade in emissions permits between countries. The ‘independent’ cost line shown in Figure 8 is the
same as the M1990 cost line in Figure 7. In 2010, costs are reduced somewhat with Annex I
trading and reduced by about one-half with global trading. In later years, the flexibility in where
emissions reductions are undertaken impacts mitigation costs even more significantly.

[Figure 8. Illustration of ‘“Where’ Flexibility — Costs for M1990 Cases]

Cost calculations for the emissions trading cases are different than in the independent case. Costs
for the trading case take into account the value of permits traded. For a buyer of permits, such as
the United States, net cost includes the direct cost plus expenditures on carbon permits. A
breakdown of these two cost components is shown for the M1990 Annex I trading case in Figure 9.
Direct cost is roughly half of the net cost. The remaining cost, the difference between the “direct
cost’ and ‘net cost’ lines in Figure 9, is the value of emissions permits that would be purchased
from other Annex I countries.

[Figure 9. Cost Breakdown — M 1990 Annex I Trading Case]

Impact of Alternative Permit Allocation Approach

The results discussed thus far have been based on the assumption that Eastern Europe and the
Former Soviet Union are allocated permits equal to the minimum of their reference-level emissions
and the policy-level emissions. This section will discuss the impacts of an alternative permit
allocation method in which Eastern Europe and the Former Soviet Union are granted permits equal
to their policy-level emissions in every period. Recall that ‘policy-level’ refers to the emissions
target set by the chosen mitigation policy. For example, the policy-level emissions in the M1990
case would be 1990 level emissions starting in 2010, and for the M1995 case they would be 1995
level emissions beginning in 2010. This assumption results in the ‘paper credits’ discussed earlier

that significantly impact the permit prices required to meet Annex I emissions targets in the Annex
I and global trading cases.

Table 4 shows the permit prices required to meet the policy goal under the policy-level permit

allocation approach. The prices required for independent mitigation in the United States do not

change from Table 3 above because the paper credits in those cases are not available for purchase
outside Eastern Europe and the Former Soviet Union. Permit prices also remain unchanged under
the M1995 case because by that time the two regions have already suffered the worst of their
economic downturns so that emissions levels are at their lowest point in the 1990 to 2020 time
frame. The permit prices under the other trading scenarios are significantly less under this
allocation approach, however, because the regions are able to sell the paper credits without
incurring any cost domestically. In the M1990 case in 2010, the paper credits allocated to Eastern
Europe and the Former Soviet Union account for 37 percent of the emissions reductions necessary
for the remaining Annex I regions to meet their target emissions. This addition of permits available
for purchase reduces the permit price by $33, or by 46 percent, relative to the permit price under
the reference-level allocation approach. Figure 10 shows the difference in permit prices for the
MI1990 case with Annex I trading between the two permit allocation approaches in 2010 and 2020.

13



Review Draft - Comments Welcome 11/14/97

Note that the difference decreases over time as emissions in Eastern Europe and the Former Soviet
Union approach the policy goal.

Table 4. United States Carbon Taxes Required to Meet Policy Goal
Eastern Europe & FSU Allocated Policy-level Permits
(1992 USS per Metric Ton of Carbon)

Independent Annex I Joint Mitigation | Annex I Mitigation with
Mitigation Global Trade
. 2010 2020 2010 2020 2010 2020
M1990 108 170 39 73 15 22
M1990+10% 60 110 6 35 2 11
M1990-10% 173 260 88 124 31 36
M1995 61 112 70 106 26 .32

[Figure 10. Permit Prices under Alternative Permit Allocation Methods for EE & FSU — M1990
Annex I Trading Case]

The lower permit prices under the policy-level approach result in lower total costs of emissions
mitigation to the United States. In the M1990 Annex I trading case, costs as a percentage of GDP
are reduced from 0.18 percent under the reference-level allocation approach to 0.12 percent under
the policy-level approach in 2010. Figure 11 shows costs as a percentage of GDP for the M1990
Annex I trading case for both allocation methods.

[Figure 11. Cost of Emissions Mitigation under Alternative Permit Allocation Methods for EE &
FSU - M1990 Annex I Trading Case]

DISCUSSION

In this section, we summarize some of the insights gained from our modeling activities using the
SGM. First, economic costs depend a great deal on our assumptions about future carbon
emissions. Second, several measures of cost are available from the SGM. Third, the distribution
of costs among countries in a system of global permit trading is sensitive to assumptions on
exchange rates as well as the initial allocation of permits. Fourth, any system of global trade in
carbon permits implies potentially large transfers of wealth from one region to another. Finally, we
discuss how some of our assumptions affect the results on costs.

Role of Reference Emissions in Shaping Marginal Mitigation Costs

All of the results in this study depend on assumptions used to create a reference emissions scenario
from the present to 2020. The amount of mitigation required to return to 1990 levels depends
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directly on reference case emissions for each region. In the Annex I trading cases, carbon permit
prices are particularly sensitive to reference scenarios for potential sellers of permits, especially
Eastern Europe and the Former Soviet Union.

Among the Annex I countries, projecting future carbon emissions is especially uncertain for
Eastern Europe and the Former Soviet Union. Of particular importance is when emissions in these
regions will once again reach 1990 levels. If this point is reached before 2010, then we model EE
and FSU just as any other Annex I country. If this point is reached after 2010, then emissions
restrictions are not binding in EE and FSU until that point in time.

Measuring and Reporting Costs

At least two measures of cost are available from the SGM and from other models as well. The
first measure, which we call the direct cost, can be thought of as either a deadweight loss or the
integral under the marginal cost curve for carbon. Using either approach, direct cost is
approximately equal to one-half of the carbon tax (or permit price) times the reduction in carbon
emissions. For the permit trading cases, direct costs are then adjusted by the value of transfer
payments required to purchase or sell permits. This measure of net cost is simple to construct and
is comparable across models.

Of ultimate interest, however, is the net impact on some broader measure of economic activity
(such as GDP) or on economic welfare (such as real consumption). There are many reasons why
the change in GDP (or real consumption) is different than direct cost net of transfer payments. '
These other components of cost include the effects of pre-existing distortionary taxes, changes in
terms of trade, and how tax revenues are recycled. In addition, measurement of GDP (or real
consumption) depends on the choice of index and base year used to construct that index. This

reflects real-world problems in constructing a quantity index for GDP when relative prices are
changing.

Foreign Exchange Rates

Permit prices for the global permit trading cases are very sensitive to assumptions about exchange
rates. And while the United States follows a largely free market approach to exchange rates, most
developing nations do not. Therefore it may be perfectly reasonable to assume that over the long-
term the United States exchange rate with other free market trading partners would tend toward the
purchasing power parity rate, this assumption is questionable with other partners. This is
particularly true for developing countries where market exchange rates, in local currency per U.S.
dollar, can be three to five times the corresponding exchange rate based on purchasing power
parity. A global permit price of $100 per metric ton translates, at market exchange rates, into a
much higher relative price in the developing countries than in the United States.

Exchange rates based on purchasing power parity are usually used to compare income levels
between countries, but market exchange rates must be used for goods actually traded between
countries. This creates a potential problem for developing countries considering participation in a
global permit trading program; carbon permits would be traded at market exchange rates, while
GDP losses are better measured using purchasing power parity. For developing countries, losses
in GDP could be greater than the value of carbon permits sold.
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International Transfer Payments

We have modeled an international system of carbon permit trading that implies potentially large
wealth transfers from buyers to sellers of permits. These transfers also change the pattern of other
goods traded internationally. For a buyer of permits, this annual transfer of wealth is equal to the
annual quantity of permits purchased times the world market price of the permits. The size of
these transfers depends directly on the initial allocation of permits between countries. The initial
allocation determines not only the amount of permits traded by each country, but also whether a
country is a buyer or seller of permits.

For this study, the initial allocation of permits among Annex I countries is simply the emissions
targets defined by the four mitigation scenarios. Non-Annex I regions were allocated permits equal
to reference case emissions. These four mitigation scenarios represent only a few of the many
possible ways of setting global emissions limits and allocating emissions rights among countries to
meet those limits. Each allocation implies a different pattern of wealth transfers among countries.

Each region in the SGM is assigned a period-by-period balance of payments constraint. Buyers of
carbon permits must, therefore, export more of other traded goods than otherwise to pay for the
purchased permits. Conversely, sellers of permits use the permit revenues to increase imports of
other goods.

Sensitivity of Costs to Model Assumptions

Economic costs reported by the SGM for the United States are sensitive to many of the model
inputs. These include the choice of exchange rate, the inclusion of paper permits, and the method
of revenue recycling.

If purchasing power parity exchange rates were used instead of market exchange rates for the
developing countries, then any given world permit price would translate into a lower carbon tax in
that country’s local currency. For global trading cases, this would increase the global permit price

needed to meet a global emissions limit, and the SGM would report higher costs for the United
States.

For Eastern Europe and the Former Soviet Union, carbon permits weré allocated based on their

reference case, and not on 1990 emissions. If we had allocated permits based on 1990 levels, these
extra ‘paper credits’ would create a less-stringent Annex I target. The model would then report a
lower permit price for the trading cases, and a lower cost to the United States.

In this study, we assumed that all revenues from a carbon tax would be recycled as a lump sum to

consumers. Another option is to use the carbon tax revenues to offset other taxes. This has the

potential to reduce overall costs, since carbon tax revenues would displace other distortionary
taxes.

KEY OBSERVATIONS
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Economic costs are reduced with a permit-trading program that equalizes the marginal cost of
carbon between countries. The least expensive emissions reductions are taken first, regardless of

where they occur. Costs shown in Figure 8 provide a good example of the importance of this
‘where’ flexibility.

For the four mitigation scenarios in this study, economic costs to the United States remain below
1% of GDP through at least the year 2020. This was the case even in the scenarios where the
United States met its mitigation targets without international trading of carbon permits.

Each region in the SGM can be characterized by a marginal cost of carbon curve, as was shown in
Figure 6. This shows the approximate carbon tax required for any given level of carbon emissions
reduction. For the amount of emissions reductions needed in 2010 to return to 1990 levels, a
carbon tax of $108 per metric ton of carbon is required.
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EMF-14 MODEL COMPARISONS

Model WGI-450 WGI-550 WGI-650

SGM (Battelle) $80 $48 $24

Minicam (Battelle) $160 $115 $77

CETA (Peck & $145 $88 $37
Teisberg)

CPBRIVM (Dutch $30 $19 $12
Team)

CRTM (Montgomery | $242 $127 $92
& Rutherford)

Full Global Trading: 2010 Permit Prices
KYOTO PROTOCOL ANALYSIS

& Rutherford)

Model No Trading | Annex 1 Umbrella - EU | Annex 1 + Ideal JI
SGM (Battelle) 171 $48 $26 $19
G’ (Shackleton) $55 $32 $16 1
MRT (Montgomery | $279 $97 NA $34
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Kyoto, U.S. Only, Lump-Sum 2010 2015 2020
u.s.

Gross National Product ($90, % Change f/ Base) -0.6% -0.5% -0.4%
Gross Domestic Product ($90, % Change f/ Base) -0.6% -0.5% -0.5%
Permit Price ($90) 49 52 56
Emission Reductions (MMTC) -514 652 -811
Real Effective Exchange Rate (% Change from Base) 2% 3% 4%
Exports ($90, % Change From Base) -2% -3% 4%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) -60 2 62
Japan .

Gross National Product ($90, % Change f/ Base) 0.0% 0.0% 0.1%
Gross Domaestic Product ($90, % Change f/ Base) 0.1% 0.1% -0.1%
Permit Price ($90) 0 0 0
Emission Reductions (MMTC) -1 -1 -2
‘'Real Effective Exchange Rate (% Change from Base) 4% -5% -5%
Exports ($90, % Change From Base) 2% 2% 2%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) 13 10 1
Australia

Gross National Product ($90, % Change f/ Base) 0.0% 0.0% 0.1%
Gross Domestic Product ($90, % Change f/ Base) 0.3% 0.3% 0.2%
Permit Price ($90) ' 0 0 0
Emission Reductions (MMTC) 2 2 2
Real Effective Exchange Rate (% Change from Base) 2% 2% 2%
Exports ($90, % Change From Base) 0% 0% 0%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) -9 -12 -14
Other OECD )

Gross Natlonal Product ($90, % Change f/ Base) -0.1% 0.1% 01%
Gross Domestic Product ($90, % Change f/ Base) -0.1% -0.1% -0.1%
Permit Price ($90) 0 0 0
Emission Reductions (MMTC) 0 -1 -1
Real Effective Exchange Rate (% Change from Base) 4% -5% -5%

- Exports ($90, % Change From Base) 2% 2% 2%

Net Int'l Invest. Pos. (Change from Base, $90 Billion) 68 56 35
China

Gross National Product ($90, % Change f/ Base) 0.0% 0.0% 0.0%
Gross Domestic Product ($90, % Change f/ Base) 0.0% 0.0% 0.0% .
Permit Price ($90) 0 0 0
Emission Reductions (MMTC) 0 2 2
Real Effective Exchange Rate (% Change from Base) 0% 0% 0%
Exports ($90, % Change From Base) 0% 0% 0%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) 8 10 12
LDC's

Gross National Product ($90, % Change f/ Base) 0.4% 0.4% 0.4%
Gross Domestic Product ($30, % Change f/ Base) 0.3% 0.3% 0.2%
Permit Price ($90) : 0 0 0
Emission Reductions (MMTC) . 22 23 25
Real Effective Exchange Rate (% Change from Base) 7% 6% 6%
Exports ($90, % Change From Base) 7% £% -5%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) ] -9 -22
OPEC Oll Exports ($90, % Change from Base) 2% -2% -2%

OPEC Oil Price {% Change from Base) 4% -5% -5%



Kyoto, No Trading, Lump-Sum, OOECD Target = 300 MMTC 2010 2015 2020

uU.s.

Gross National Product ($90, % Change f/ Base) 0.3% -0.3% 0.2%
Gross Domestic Product ($90, % Change f/ Base) 0.0% 0.0% 0.1%
Permit Price ($90) _ 54 57 60
Emission Reductions (MMTC) -516 662 -804
Real Effective Exchange Rate (% Change from Base) T 12% 13% 14%
Exports ($90, % Change From Base) -14% -16% -18%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) -528 -578 -572
Japan '

Gross National Product ($90, % Change f/ Base) 0.9% 0.7% -0.4%
Gross Domestic Product ($90, % Change f/ Base) -1.5% -1.5% -1.5%
Permit Price ($90) 222 230 237
Emission Reductions (MMTC) -96 -122 -146
Real Effective Exchange Rate (% Change from Base) ~-23% -22% -22% :
Exports ($90, % Change From Base) 13% 12% 12%
Net Int'l Invest. Pos. (Change from Base, $30 Billion) 28 44 30
Australia

Gross National Product ($90, % Change f/ Base) -2.4% -3.6% -4.5%
Gross Domestic Product ($90, % Change f/ Base) 01% 07% -1.2%
Permit Price ($90) 49 66 84
Emission Reductions (MMTC) -27 -44 65
Real Effective Exchange Rate (% Change from Base) -16% 13% 10%
Exports ($90, % Change From Base) -10% -8% -7%
Net Int'l Invest. Pos. (Change from Base, $30 Billion) -68 -116 -165
Other OECD

Gross Natlonal Product ($90, % Change f/ Base) i -1.1% -1.4%  -1.6%
Gross Domestic Product ($90, % Change f/ Base) -1.2% -1.4% -1.5%
Permit Price ($90) 111 148 184
Emission Reductions (MMTC) -301 473 €73
Real Effective Exchange Rate (% Change from Base) -23% -23% -23%
Exports ($90, % Change From Base) 15% 14% 14%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) 460 604 688
China

Gross Natlonal Product ($90, % Change f/ Base) 0.0% 0.1% 0.1%
Gross Domestic Product ($90, % Change f/ Base) 0.1% 0.1% 0.1% .
Permit Price ($90) 0 0 0
Emisslon Reductions (MMTC) ’ 1 4 4
Real Effective Exchange Rate (% Change from Base) -1% -1% -1%
Exports ($90, % Change From Base) 1% 0% 0%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) 34 46 57
LDC's

Gross Natlonal Product ($90, % Change f/ Base) 2.4% 2.4% 22%
Gross Domaestic Product ($90, % Change f/ Base) 1.4% 1.4% 1.2%
Permit Price ($90) . 0 0 0
Emission Reductions (MMTC) 83 88 95
Real Effective Exchange Rate (% Change from Base) . 47% _ 45% 44%
Exports ($90, % Change From Base) _ 34%.. -30% 5%
Net Int'l Invest. Pos. (Change from Base, $30 Billion) 124 117 115
OPEC Oil Exports ($90, % Change from Base) -9% -9% -9%

OPEC Oil Price (% Change from Base) -14% -15% -17%



Kyoto, No Trading, Lump-Sum, OOECD Target = 400 MMTC 2010 2015 2020

u.Ss. .

Gross National Product ($90, % Change f/ Base) -0.3% 0.2% 0.2%
Gross Domestic Product ($90, % Change f/ Base) 0.1% 0.1% 0.2%
Permit Price ($90) ' 55 58 62
Emission Reductions (MMTC) -520 673 -824
Real Effective Exchange Rate (% Change from Base) 13% 14% 15%
Exports ($90, % Change From Base) -16% -18% -20%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) -581 628 £26
Japan .

Gross National Product ($90, % Change f/ Base) -0.8% 0.6% -0.3%
Gross Domestic Product ($90, % Change f/ Base) -16% -16% -1.5%
Permit Price ($90) 219 226 233
Emission Reductions (MMTC) -96 -121 -144
Real Effective Exchange Rate (% Change from Base) -24% -24% -24%
Exports ($90, % Change From Base) 14% 13% 13%
Net Int'l Invest. Pos. (Change from Base, $90 Billlon) 22 35 22
Australia

Gross Natlonal Product ($90, % Change f/ Base) -2.5% 3.7% -4.6%
Gross Domestic Product ($90, % Change f/ Base) 0.1% 0.7% -1.2%
Permit Price ($90) 49 67 84
Emission Reductions (MMTC) -27 44 65
Real Effective Exchange Rate (% Change from Base) - 17% 13% 10%
Exports ($90, % Change From Base) -10% -8% 7%
Net Int'l Invest. Pos. (Change ffom Base, $90 Billion) 68 -117 -166
Other OECD

Gross Natlonal Product ($90, % Change f/ Base) ) 14% -16%  -1.8%
Gross Domestic Product ($90, % Change f/ Base) -1.5% -1.6% 1.7%
Permit Price ($90) 146 179 212
Emission Reductions (MMTC) -391 -574 -780
Real Effective Exchange Rate (% Change from Base) -26% -25% -25%
Exports ($90, % Change From Base) _ 17% 15% 16%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) 508 654 739
China

Gross Natlonal Product ($90, % Change f/ Base) 0.0% 0.1% 0.1%
Gross Domestic Product ($90, % Change f/ Base) -0.1% 0.1% 01%
Permit Price ($90) . 0 0 0
Emission Reductions (MMTC) 1 4 5
Real Effectlve Exchange Rate (% Change from Base) -1% 1% -1%
Exports ($90, % Change From Base) 1% 0% 0%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) 37 49 61
LDC's

Gross National Product ($90, % Change f/ Base) 2.7% 2.6% 2.5%
Gross Domestic Product ($90, % Change f/ Base) . 1.6% 1.5% 1.3%
Permit Price ($90) 0 0 0
Emission Reductions (MMTC) 91 96 103
Real Effective Exchange Rate (% Change from Base) 53% 51% 49%
Exports ($90, % Change From Base) -38% -33% -28%
Net Int'l Invest. Pos. (Change from Base, $90 Billlon) 141 137 133
OPEC Oil Exports ($90, % Change from Base) -10% -10% -10%

OPEC Qil Price (% Change from Base) -16% -17% -19%



Kyoto, Annex | Trading, Lump-Sum, OOECD Target = 400 MMTC

u.s.

Gross National Product ($90, % Change f/ Base)
Gross Domestic Product ($90, % Change f/ Base)
Permit Price ($90)

Emission Reductions (MMTC)

Real Effective Exchange Rate (% Change from Base)
Exports ($90, % Change From Base)

Net Int'l Invest. Pos. (Change from Base, $90 Billion)

Japan .

Gross National Product ($90, % Change f/ Base)
Gross Domestic Product ($90, % Change f/ Base)
Permit Price ($90)

Emission Reductions (MMTC)

Real Effective Exchange Rate (% Change from Base)
Exports ($90, % Change From Base)

Net Int'l Invest. Pos. (Change from Base, $30 Billion)

Australia

Gross National Product ($90, % Change f/ Base)
Gross Domestic Product ($90, % Change f/ Base)
Permit Price ($90)

Emission Reductions (MMTC)

Real Effective Exchange Rate (% Change from Base)
Exports ($90, % Change From Base)

Net Int'l Invest. Pos. (Change from Base, $90 Billion)

Other OECD

Gross National Product ($90, % Change f/ Base)
Gross Domestic Product ($90, % Change f/ Base)
Permit Price ($90)

Emisslon Reductions (MMTC)

Real Effective Exchange Rate (% Change from Base)
Exports ($90, % Change From Base)

Net Int'l Invest. Pos. (Change from Base, $90 Billion)

China

Gross National Product ($90, % Change f/ Base)
Gross Domestic Product ($90, % Change f/ Base)
Permit Price ($90)

Emission Reductions (MMTC)

Real Effective Exchange Rate (% Change from Base)
Exports ($90, % Change From Base)

Net Int'l Invest. Pos. (Change from Base, $90 Biilion)

LDC's

Gross National Product ($90, % Change f/ Base)
Gross Domestic Product ($90, % Change f/ Base)
Permit Price ($90)

Emission Reductions (MMTC)

Real Effectlve Exchange Rate (% Change from Base)
Exports ($90, % Change From Base)

Net Int'l Invest. Pos. (Change from Base, $30 Billion)

OPEC Qil Exports ($90, % Change from Base)
OPEC Oil Price (% Change from Base)

2010

-0.2%
-0.1%
32
-321
5%
6%
-238

0.2%
-0.5%
32
-19
-14%
8%
50

-2.0%
0.1%
32
-17
13%
1%
61

-0.5%
-0.5%
32

-16%
11%
402

0.0%
0.1%

0%
0%
21

1.4%
0.9%

26%
-20%
63

4%
-3%

2015

-0.5%
-0.3%
52
-625
6%
-8%
-302

-0.2%
-0.6%
52

-14%
7%
88

-3.3%
-0.5%
52

1%
6%
-104

0.7%

-0.7%
52
-173
-16%
10%
550

0.1%
0.0%

0%
0%
30

1.4%
0.8%

53
26%
-18%
53

-5%
6%

2020

0.7%
-0.4%
67
-935
7%
-9%
-265

-0.1%
-0.6%
67
-43
-14%
7%
95

4.1%
-0.9%
67

9%
4%
147

-09%
0.7%
67
-250
-16%
10%
603

0.1%

0.0% .

0%
0%
38

1.3%
0.7%

62
25%
-15%
38

-5%
-9%



Kyoto, "Umbrella”, Lump-Sum, OOECD Target = 400 MMTC 2010 2015 2020
u.s.

Gross National Product ($90, % Change f/ Base) 0.1% 0.0% -0.1%
Gross Domestic Product ($90, % Change f/ Base) 0.3% 0.1% 0.0%
Permit Price ($90) 16 30 40
Emission Reductions (MMTC) -127 -325 -519
Real Effective Exchange Rate (% Change from Base) 8% 8% 8%
Exports ($90, % Change From Base) -10% -11% -12%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) ' -344 -396 -362
Japan

Gross National Product ($90, % Change f/ Base) -0.1% 0.0% 0.1%
Gross Domestic Product ($90, % Change f/ Base) -0.5% 0.5% -0.6%
Permit Price ($90) 16 30 40
Emission Reductions (MMTC) -13 -21 -29
Real Effective Exchange Rate (% Change from Base) -16% -15% -15%
Exports ($90, % Change From Base) 8% 8% 8%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) 29 73 97
Australia

Gross National Product ($90, % Change f/ Base) -1.3% -2.1% -2.6%
Gross Domestic Product ($90, % Change f/ Base) 0.1% -0.3% -0.6%
Permit Price ($90) 16 30 40
Emission Reductions (MMTC) -8 -19 -30
Real Effective Exchange Rate (% Change from Base) 7% 6% 4%
Exports ($90, % Change From Base) 4% 4% -3%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) -21 -41 62
Other OECD

Gross National Product ($90, % Change f/ Base) B 12% 14% - -1.5%
Gross Domestic Product ($90, % Change f/ Base) -1.3% -1.5% -1.6%
Permit Price ($90) 146 179 212
Emission Reductions (MMTC) -388 -568 -772
Real Effective Exchange Rate (% Change from Base) -19% -18% -17%
Exports ($90, % Change From Base) 13% 1% 11%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) T 426 576 653
China

Gross Natlonal Product ($90, % Change f/ Base) 0.0% 0.1% 0.1%
Gross Domestic Product ($90, % Change f/ Base) 0.1% . 0.0% 0.0%
Permit Price ($90) ¢} 0 0
Emission Reductions (MMTC) 0 2 4
Real Effective Exchange Rate (% Change from Base) 0% 0% 0%
Exports ($90, % Change From Base) 0% 0% 0%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) 23 32 40
LDC's

Gross Natlonal Product ($90, % Change f/ Base) 1.8% 1.8% 1.7%
Gross Domestic Product ($90, % Change f/ Base) ) 1.0% 1.0% 0.8%
Permit Price ($90) 0 0 0
Emission Reductions (MMTC) 53 61 69
Real Effective Exchange Rate (% Change from Base) 32% 31% 30%
Exports ($90, % Change From Base) -24% -21% -18%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) 102 106 104
OPEC Oil Exports ($90, % Change from Base) : 6% 6% -7%

OPEC Oil Price (% Change from Base) -8% -10% -12%



Kyoto, Full "Ji", Lump-Sum, OOECD Target = 400 MMTC 2010 2015 2020
u.s.

Gross National Product ($90, % Change f/ Base) 0.0% 0.0% 0.0%
Gross Domestic Product ($90, % Change f/ Base) 0.0% 0.0% 0.1%
Permit Price ($90) 11 16 20
Emission Reductions (MMTC) -102 -177 -267
Real Effective Exchange Rate (% Change from Base) 3% 3% 3%
Exports ($90, % Change From Base) -3% -3% 4%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) . -78 -86 47
Japan .

Gross National Product ($90, % Change f/ Base) 0.0% 0.0% 0.0%
Gross Domestic Product ($90, % Change f/ Base) -0.2% -0.2% 0.2%
Permit Price ($90) 1 16 20
Emission Reductions (MMTC) £ -9 -12
Real Effective Exchange Rate (% Change from Base) -5% 6% 6%
Exports ($90, % Change From Base) 3% 3% 3%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) 25 44 38
Australia

Gross National Product ($90, % Change f/ Base) -0.7% -1.1% -1.3%
Gross Domestic Product ($90, % Change f/ Base) -0.1% -0.2% -0.3%
Permit Price ($90) 11 16 20
Emission Reductions (MMTC) -6 -10 -15
Real Effective Exchange Rate (% Change from Base) 3% 2% 2%
Exports ($90, % Change From Base) -2% 1% -1%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) -9 -17 -27
Other OECD

Gross National Product ($90, % Change f/ Base) B -0.2% 0.2% - - -03%
Gross Domestic Product ($90, % Change f/ Base) -0.2% 0.2% -0.2%
Permit Price ($90) 1 16 20
Emission Reductions (MMTC) -33 -52 -74
Real Effective Exchange Rate (% Change from Base) 6% 6% 6% -
Exports ($90, % Change From Base) 4% 4% 4%
Net Int'l Invest. Pos. (Change from Base, $90 Billion) 183 259 n
China :

Gross Natlonal Product ($90, % Change f/ Base) 0.5% 0.1% 0.3%
Gross Domestic Product ($90, % Change f/ Base) -0.6% 0.5% 0.7%
Permit Price ($90) 11 16 20
Emission Reductions (MMTC) -278 471 697
Real Effective Exchange Rate (% Change from Base) 7% 11% 14%
Exports ($90, % Change From Base) -5% 7% -8%
Net Int'l Invest. Pos. (Change from Base, $90 Bitlion) -41 46 -36
LDC's

Gross National Product ($90, % Change f/ Base) 0.2% 0.1% 0.1%
Gross Domestic Product ($90, % Change f/ Base) ) -0.1% 0.2% -0.3%
Permit Price ($90) 11 16 20
Emission Reductions (MMTC) -118 -205 -308
Real Effective Exchange Rate (% Change from Base) 7% 6% 6%
Exports ($90, % Change From Base) -5% -5% 4%
Net Int'l Invest. Pos. (Change from Base, $90 Biilion) 51 50 40
OPEC Oil Exports ($90, % Change from Base) -1% -1% -1%

OPEC Qil Price (% Change from Base) 4% -5% 6%
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G-Cubed Analysis of the Impact of
Carbon Emissions Reductions From the Kyoto Agreement

A simulation of the Kyoto agreement was carried out using version V31L2 of the G-
Cubed model, an 8-region, 14-sector general equilibrium model of the global economy
developed by McKibbin and Wilcoxen. (A brief description of the model is attached.) The
simulation required two simplifying assumptions:

- Since the model covers only energy-related carbon emissions, the analysis assumed
that 88% of required reductions are undertaken from carbon in the energy sector.

» The analysis has a significantly different emissions baseline than the CEA baseline,
mainly because it does not capture the effects of reduced coal use in the UK and
Germany, or the merger of East and West Germany. To accommodate this limitation,

the required reductions were assumed to be proportional to those required in the CEA
baseline. '

For instance, since the “Other OECD” region reduces carbon emissions 26% below baseline in
2010, the region reduces emissions 26% below baseline in the G-Cubed analysis. This increases
the reductions required of the Other OECD region; however, requiring higher reductions is likely
to yield a more realistic characterization of the costs of meeting the commitment than requiring
emissions of only 298 MMTC, since the model’s reductions are taken from a higher stock of
emissions than is likely to be the case.

(1) 2) @ (4) (5) (6)

CEA 2010 CEA 2010 Total CEA Commitment (3)/(1) GCubed 2010 GCubed 2010
Carbon Emisslons GHG Commitment *0.88 Carbon Emissions Commitment
5)*(4
u.s. 1838 600 528 -28% 1822 ©r@ -523
Japan 368 113 99 -27% 358 -97
Australia 88 21 18 21% 133 -28
QOther OECD 1158 329 298 -26% 1560 401

G-Cubed is a general equilibrium model, and thus represents each region as a competitive
market economy in dynamic equilibrium with other regions. Asa consequence, the
representation of the former Soviet Bloc does not capture the shock associated with the
institutional collapse of the formerly planned economy, the consequent dramatic decrease in
emissions, or the consequent stock of “paper tons” that is likely to be available in the region in
2010. However, since the region has relatively little interaction with the rest of the world in the
model (as a consequence of the calibration that renders it in equilibrium in the base year), the
analysis treats the former Soviet Bloc exogenously, and assumes both the “paper tons” and the
“supply curve” of additional reductions available from the SGM analysis. Thus the analysis
assumes 426 MMTC of paper tons available in 2010, declining to about 350 MMTC in 2015 and

290 MIMTC in 2020, and roughly an additional 140 MMTC available at a cost of $25/MTC
($92).

! The SGM numbers, in turn, are based on the results of a joint project between the OECD, the World Bank and the
Office of Policy Development at US EPA (see OECD document OECD/GD(97)154 “Environmental Implications of
Energy and Transport Subsidies” or Chapter 6 of OECD publication “Reforming.Energy and Transport Subsidies.”
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The analysis included the following scenarios:

1. US. Only. U.S. meets its commitment alone (this scenario illustrates the importance
of trade and capital flows in the absence of any action by other countries).

2. Annex I No Trading, OOECD = 300 MMTC. The Annex I countries meet their
commitments with no international permit trading (by implication, however, the
countries of the “Other OECD,” which includes the EU, Canada and New Zcaland,
are assumed to be trading amongst themselves). The “Other OECD” target is
assumed to be 300 MMTC.

3. AnnexI No Trading, OOECD = 400 MMTC. The Annex I countries meet their
commitments with no international permit trading, and the “Other OECD” target is
assumed to be 400 MMTC.

4. Annex I Trading. The Annex I countries meet their commitments with full
international permit trading amongst the Annex I countries. In this and all of the
following scenarios, the “Other OECD” target is assumed to be 400 MMTC.

5. “Umbrella.” The Annex I countries meet their commitments with international
permit trading amongst all Annex I countries except those in the “Other OECD”
region. This is the model’s nearest approximation of an “Umbrella, no EU” scenario.

6. Full “JI”. The Annex I countries meet their commitments with full international
permit trading and full “joint implementation,” where it is assumed that developing
countries have agreed to emissions rights equivalent to their modeled baseline, and
have agreed to make those permits available on international markets.

7. “JI” 20% of Reductions. The Annex I countries meet their commitments with full
international permit trading and “joint implementation,” where “JI” tons are
constrained to be only 20% of total emission reductions.

8. 20% of “JI.” The Annex I countries meet their commitments with full international
permit trading and “joint implementation,” where “JI” tons are constrained to be only
20% of the total “JI” tons in the Full “JI” scenario (6).

The analysis includes two versions of each of the above scenarios. The first simulates a system
of freely distributed permits as a carbon tax with the revenues recycled through lump-sum
reductions in personal income taxes (there are no distributional implications because there is
only one representative agent per region). The second simulates a system of auctioned permits
through a carbon tax with revenues used to reduce budget deficits in each region. The two

versions of each scenario provide a reasonable bound of the impacts of different fiscal
approaches to carbon controls.
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Appendix: G-Cubed Model Description

This analysis was carried out using the G-Cubed model, a general equilibrium model of
the global economy with 8 regions (the United States, Japan, Australia, Other OECD, China,
non-oil exporting developing countries, former Soviet Bloc, and OPEC) and 13 sectors,
including 5 energy sectors (electric and gas utilities, petroleum refining, coal mining, and crude
oil and gas extraction) and 8 non-energy sectors (other mining, agriculture, forestry and wood
products, durable manufacturing, non-durable manufacturing, transportation, services, and a
sector producing investment goods). This model combines the international detail of the
McKibbin-Sachs Global (MSG) global dynamic macroeconomic framework with the detailed,
cconometrically-based framework of the Jorgenson-Wilcoxen general equilibrium model of the
U.S. economy. In this framework, carbon emissions are related to a variety of economic
activities, while intertemporal behavior such as saving, investment and exchange rate arbitrage is
modeled as forward-looking optimization by infinitely-lived “representative agents” (with 30%
forward-looking, 70% adaptive expectations) and forward-looking firms “firms” all subject to
appropriate intertemporal budget constraints. The model treats international trade and capital
flows in a consistent general equilibrium framework, so that international trade and payments
balances and exchange rates are simultaneously determined in the context of long-run growth
and gradual convergence of developing economies’ production possibilities to those of the
developed countries. Using such a framework, we can show that consideration of all of these
effects in a consistent manner greatly clarifies the likely effects of emission controls, particularly
of differential commitments in different regions. We can also show that capital flows are likely
to play a significant role in determining overall effects of differential commitments.

Consumer demand. Consumer behavior is represented by a two-tier system of nested
constant elasticity of substitution (CES) utility functions. At the top tier, the household allocates
spending between household capital services, labor services, energy and materials. In the current
version of the model, the elasticity of substitution between these inputs is set to unity, rendering
this tier Cobb-Douglas and probably overstating the ability of households to substitute away
from energy toward other inputs. At the second tier, spending on energy and spending on
materials are allocated among individual goods. The elasticity of substitution between energy
goods is 0.8 and the elasticity of substitution among materials is 1.0. Both of these values were
determined by econometric estimation.

Producer behavior. Similarly, production possibilities are represented by sector-
specific nested factor demand equations. A top tier of equations specifies demand for capital,
labor, energy and materials aggregates; while equations in lower tiers specify demand for
specific energy inputs and materials inputs. The top tier substitution elasticities used in this
analysis — most of them estimated from historical data for the U.S,, but a few imposed
exogenously to limit the limit the degree of fuel input substitution in the energy conversion
sectors — range from 0.2 for most of the energy sectors to nearly 1.3 in Agriculture; while the
substitution elasticities among energy inputs range from less than 0.2 in Coal Mining to over 1.1

in Other Mining; and those among materials inputs range from 0.2 for most energy sectors to 3.0
for Services.

DRAFT -~ EPA\OPPE\OPD\ETSD -3- February 6, 1998, 4:47 PM



‘92/06/48 18:05 @202 260 0512 AIR & ENERGY BR. @005/007

Saving and investment. As noted above, 70% of houscholds are assumed to be liquidity
constrained and consume all of their income in each period. The remaining 30% are assumed to
be full intertemporal optimizers who choose current consumption to maximize an intertemporal
utility function. (The key parameters of the utility function are the intertemporal elasticity of
substitution, imposed to be unity, and the rate of time preference, imposed to be 2.5%) The
difference between the consumption of the intertemporal optimizers and their income determines
total private domestic saving. Private domestic saving is augmented by public saving (or
dissaving, as the case may be) and capital inflows from abroad (discussed below). This total is
then allocated to investment in sector-specific capital goods according to a sct of q-theoretic
investment models. There is one.capital good for each industry, plus one for capital used in
producing capital goods themselves, plus one more for household capital, for a total of 14. Once
installed in a particular sector, physical capital is completely immobilc ~ it cannot move between
sectors or from one country to another. Capital is not vintaged and depreciates geometrically.

G-Cubed Model V.31 CES Substitution Elasticities

Sector Top Tier Energy Materials
Tier Tier
(Estimate | (Imposed | (Estimated | (Estimated)
d) in this )
. analysis)
Electricity 0.763 0.200 0.200 1.000
Natural Gas 0.810 - 0.200 0.932 0.200
Petroleum Refining 0.543 0.200 0.200 0.200
Coal Mining 1.703 0.493 0.159 0.529
Crude Oil & Gas 0.493 0.493 0.137 0.200
Other Mining 1.001 1.001 1.147 2.765
Agriculture 1.283 1.283 0.628 1.732
Forestry/Wood 0.935 0.935 0.939 0.176
Products
Durables 0.410 0.410 0.804 0.200
Non-Durables 1.004 1.004 1.000 0.057
Transportation 0.537 0.537 0.200 0.200
Services 0.256 0.256 0.321 3.006
Investment Goods 1.000 1.000 1.000

Technological change. Technological change is represented primarily as exogenous
labor-augmenting productivity growth, but the model also provides for total factor productivity
(TFP) growth and energy-saving technological change (sometimes referred to as autonomous
energy efficiency improvement, or AEEI). In the current version of the model, there is no
endogenous technology response to changes in relative prices (apart from substitution).

Taxes. The model includes taxes on household income, corporate income, sales of goods
and services and tariffs. It also includes a number of potential taxes that are zero in the base case
but can be made nonzero for policy analysis: carbon and BTU taxes on primary fossil fuels, an
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investment tax credit, and a second lump-sum tax. It does not include a value added tax. Tax
rates are generally set exogenously.

Fiscal policy. Government spending is set exogenously. Because spending and taxes are
both exogenous, the government fiscal surplus or deficit will be endogenous. Government
deficits accumulate into a stock of debt on which interest payments must be made in each period.
The government’s long term budget constraint is imposed by requiring that in each period the
government levy a lump sum tax large enough to pay for that year’s interest obligation. (That is,
the government is not allowed to borrow to finance interest payments.) In essence this means
that all government borrowing takes the form of consols backed by the revenue from an
earmarked tax. Because some of the agents are not full intertemporal optimizers, the model does
not yield Ricardian equivalence: government budget deficits do not lead to equivalent increases
in savings, and so can influence real output.

Money, nominal wages and monetary policy. Money is supplied exogenously by each
country’s central bank and is demanded for transactions. The demand for real money balances
depends positively on the volume of transactions (measured by total value of industry output)
and negatively on the interest rate. The interest elasticity of money demand is -0.6. In the long
run the model reaches full employment and the size of the labor force is determined by the
exogenous rate of population growth. In the short run, however, wages are sct in nominal terms
and adjust slowly to changes in employment and to changes in current and expected inflation
rates. As a result, monetary shocks have real short term effects because they change the real
wage.

Trade. International trade is modeled as a set of bilateral flows of all twelve
commodities between all eight regions. Within each country the demand for imports of each
commodity is determined by imperfect substitution between the domestic good and imports from
each of the other countries (the Armington approach). In the current version of the model, the
elasticity of substitution between each domestic good and competing imports from all other
countries is set to unity. For most of the goods in the model, this is likely to overstate the
substitutability of foreign and domestic products. The model’s sectors are highly aggregated and
each includes a large variety of products that are at best, only very poor substitutes for each
other. (That is, the product mix in imported durable goods does not look very much like the
domestic product mix.) As a consequence, unitary Armington elasticities probably yields rather
elastic responses to changes in exchange rates and relative prices, relative to empirical estimates.
For petroleum products, on the other hand, the model may understate the substitutability of
foreign and domestic varieties. (Empirical evidence on this point is mixed, however, in part
because the history of regulation and institutions in the world oil market makes it difficult to
estimate substitutability.)

The model also includes full integration of international capital flows. All trade
imbalances must be financed by offsetting flows of financial capital. Capital inflows accumulate
into stocks of debt that must be serviced by future trade surpluses. At the same time, financial
capital is fully mobile and flows to regions offering the highest rates of return after adjusting for
expected changes in exchange rates. Together, these two mechanisms (trade imbalances and
forward-looking interest rate arbitrage) determine exchange rates.
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Model solution. The model has a large number of forward-looking variables: within
each country there are 14 g variables corresponding to the 14 capital stocks, wealth, and the
exchange rate. Adding up across countries brings the total to over 100, In addition, there are
about 6,000 equations that must hold within each period. At the moment, the only feasible
methods for solving a model of this size are based on linearization. G-Cubed uses a hybrid form
of linearization in which price equations are linearized in logs and other equations are linearized
in differences. All linearization is done about the model’s benchmark year data set, which at the
‘moment is for 1987. Once the linearization is complete, the resulting model is algebraically
compressed into its minimal dynamic representation and solved numerically to obtain an
expression relating the model’s dynamic variables to current and future values of the exogenous
variables (the model’s “stable manifold”). Finally, this expression is then used to compute
solutions to the model. Linearization has both benefits and costs. The principal cost is that the
solutions will involve truncation error (and hence will be somewhat inaccurate) when simulating
large shocks. The benefit, however, is that a large model with considerable detail in agents’
expectations and intertemporal optimization decisions can be solved, and generally solved very
quickly.

Baseline Projections. In order to solve the model, projections must be provided on the
future course of key exogenous variables. These include: population growth by region,
productivity growth by sector and region, energy efficiency improvements by sector and region,
and tax rates, fiscal spending patterns and monetary policy by region. Unfortunately, few of
these can be projected with any precision. The most important for climate policy are population
and productivity growth. The base population assumption in G-Cubed is that regional population
growth rates follow the paths projected by the United Nations. It is straightforward, however, to
impose other population projections. For productivity, the base assumption in G-Cubed is that
the pattern of technical change at the sector level is similar to the historical record for the United
States (where data is available). In regions other than the United States, however, the sector-
level rates of technical change are scaled up or down in order to match the region’s observed rate
of aggregate productivity growth. This approach attempts to capture the fact that the rate of
technical change varies considerably across industries while reconciling it with regional
differences in overall growth. It is, at best, a rough approximation: it would be better to estimate
productivity growth for each sector in each region but the necessary data is largely unavailable.
As with population projections, it is straightforward to impose other assumptions about future
productivity growth. The default specification is that productivity is labor-augmenting but it can
also be given as total factor productivity growth, or as a combination of the two. Energy-
augmenting technical change can also be imposed.
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The Effects of Full Worldwide Permit Trading on Consumption Losses by OECD

Countries
Model Pathway Trading No Tréding Trading/No Trading
CETA WRE 1.86 1.83 | 1.02
CPBRIVM WRE 0.17 0.64 0.27
FUND WRE 1.47 9.82 0.15
MERGE WRE 0.60 0.85 0.71
MiniCAM WRE 0.54 1.58 0.34
SGM WRE 0.13 1.84 0.07
CETA WG-1 4.03 5.94 0.68
CPBRIVM WG-1 0.99 3.25 0.30
FUND WG-1 4.97 11.71 0.42
MERGE WG-1 3.24 6.12 0.53
MiniCAM WG-1 3.44 6.51 0.53
SGM WG-1 1.48 6.17 0.24
Average: 0.44

Trading and No Trading Values are in trillions of 1990 US$
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MEMORANDUM DRAFT
TO: Distribution

SUBJECT: Nordhaus’s arguments against strict action.

Executive Summary and Key Findings

® Nordhaus finds that the optimal policy, given the current state of knowledge and ignoring
uncertainty, is to do very little in the short term (a $6/ton tax in 2005) and only
marginally more in the long term. While his mild long-term policy suggestion helps to
inform the basis of his short term recommendations, Nordhaus only intends to propose a
short-term strategy and emphasizes that policies should change as we learn more.

® Recognizing wide-ranging uncertainties and the possibility of calamity, Nordhaus
investigates optimal policy choices over a reasonable distribution of possible states of the
world. He shows that while the median optimal carbon tax is on the order of $6/ton in
2005, the mean optimal carbon tax is somewhat larger, at $18/ton in 2005.

® His conclusions are viewed with skepticism by some critics, who believe some or all of
the following: he overstates control costs, he understates control benefits, and his choice
of a positive pure rate of time preference is indefensible. Others find his results and
methodology more robust.

Introduction

In a 1994 book', Nordhaus calculates an optimal policy response to the problem of
climate change. A distinguishing feature of this work is that it aims to uncover a truly optimal
policy — that is, one that maximizes net benefit as opposed to one that merely minimizes the
cost of achieving an ad hoc CO2 concentration target.

Basic Results

Ignoring uncertainty and with a best guess of costs and benefits (based on a wide purview of
existing studies) Nordhaus finds that the optimal policy is to do close to nothing. With the
optimal policy, carbon taxes rise from $6 per ton in 2005 to $20 per ton (1989 dollars) in 2100.
Global average temperature under this policy increases 3.2°C — only 0.2°C less than in the
baseline case. On net, the world economy under this scenario enjoys a small net benefit relative
to the baseline case. See Table 1.

Restricting emissions of greenhouse gases to 1990 levels, on the other hand, inflicts relatively
large net costs. Carbon taxes rise to $400/ton in 2100, and the increase in global average

'"Managing the Global Commons,” which presents analysis based on Nordhaus’s DICE
model. It is the culmination of arguments made in earlier papers.



temperature is limited to only 2.4°C — a full degree less than in the baseline.

Given that the optimal policy is much closer to doing nothing than to restricting to 1990 levels, it

appears that literally doing nothing in the short term is superior to current proposals oriented on
1990 emissions levels.

Table 1
Global Net Benefit® Carbon Tax ($/ton)

NPV Annualized | NPV as % of PV | 2005 | 2055 | 2105

($billions) | ($billions) | of baseline output
Optimal Policy 271 11 0.04 6 15 21
(no uncertainty)
Restrict to 1990 - 7,069 - 283 -0.98 _ 50 230 400
levels
Stabilize at 1.5°C | - 40,980 - 1,639 -594 200 700 800
increase

It is worth emphasizing that Nordhaus’s result is not simply a matter of delaying controls. While
the typical cost-minimization exercise also shows that carbon emissions should be allowed to
follow a near-baseline path at first, Nordhaus’s result goes further: he finds that relatively little
should be done even over the long term. In his optimal scenario, carbon concentrations are
allowed to grow without apparent bound.

Incorporating uncertainty, Nordhaus’s results change though the basic message of modest short-
term measures does not.

e Nordhaus examines how the optimal policy changes when key parameter values vary
from his-best guess and finds that the mean optimal policy calls for higher carbon taxes
than he finds for the best-guess case. The mean optimal policy calls for a carbon tax of
$18/ton in 2005 and $53/ton in 2045.

® The “mean” result differs from the “best guess” result because the distribution of
outcomes is skewed so that favorable climate change scenarios are similar to the best-

guess case and occur with high probability while extremely unfavorable scenarios occur
with low probability.

e Nordhaus finds that only 2% of possible scenarios -- the least favorable -- would call for
a carbon tax in 1995 of over $100/ton.

2Source for Tables 1 and 2: Nordhaus, “Managing the Global Commons”, 1994. These
data come from the DICE model.

*Net benefits are measured relative to the base case of taking no action.



Basis for Results
Nordhaus’s results derive from three key assumptions:
® that the costs of reducing carbon emissions are relatively high;

® that the benefits of carbon control (in the form of averted damages) are relatively low;
and

e that the social rate of discount is greater than zero.

Critics have attacked Nordhaus on all three points, and it is worth examining each point in
greater detail.

1. Costs

The cost of reducing carbon emissions is determined by the responsiveness of the economy to a
given level of carbon-control effort. For example, if a $10 carbon fee elicits a large response in
terms of lower carbon emissions, the cost of carbon control will be low. Conversely, ifa $10
carbon fee elicits a small response, program cost will be high.

The impact on the economy of a carbon-control program in Nordhaus’s model is determined by
two key assumptions — one concerning the “static” response, given current technologies and
carbon use, the other concerning the “dynamic” response, reflecting induced changes in carbon
use and advances in technology.

® Nordhaus bases his assumption about static responses on existing empirical studies. His
assumptions here are not particularly contentious.

¢ Nordhaus attempts to capture dynamic responses by assuming that technology will
improve at about the same rate in the future as it has done in the past. Importantly, the
trend rate of improvement is not allowed to vary depending on the price of carbon
permits or the level of a carbon tax. Critics find fault with this approach, since his model
thus assumes that carbon taxes will in no way accelerate the development of non-carbon
technologies — in stark contrast to the “technologist” view.

Nordhaus notes that his results are sensitive to assumptions about technology, but he does not
document the extent of that sensitivity in isolation from other uncertainties.

2. Benefits

The benefits of carbon control are determined by the magnitude of damages averted -- that is,
damages that would have occurred in the absence of a control program. Nordhaus calculates that
these damages would be relatively modest. For example, he estimates that a 3°C temperature
increase results in only a 1.3 percent loss of output per year.



Some critics feel that damages averted will be greater than Nordhaus assumes. They note that
SO2 and particulate emissions will be reduced, biodiversity will be better maintained, and
negative health effects will be avoided.

In a survey of experts, Nordhaus finds that the median cost prediction for a 3°C rise in
temperature is 1.9 percent of output annually -- 40% higher than his own. The mean prediction
is much higher, at 3.6 percent.

3. The social rate of discount

Given that costs are borne up front and benefits accrue mainly in the distant future, assumptions
about the social rate of discount are crucial. Nordhaus assumes that the social rate of discount is
3 percent per year; this rate is sufficiently large as to significantly reduce the present value of the
distant and already modest benefits.

Many critics (mainly non-economists) feel that a social rate of discount greater than zero is
indefensible on ethical grounds. However, mainstream economists strongly endorse the
approach to discounting which Nordhaus uses and find it difficult to understand very low rates of
time preference in the context of observed behavior.

Nordhaus re-evaluates the optimal policy when the pure rate of time preference is only 1 percent
and finds that the optimal carbon tax in this case is considerably greater (see Table 2).

Table 2
Optimal Carbon Tax
($/ton)
Rate of Time Preference | 1995 .2045 2095
3% 5.3 13.7 21.0
1% 23.6 52.6 717.5

Conclusion
Nordhaus’s analysis implies that little should be done either in the short term or in the long term.
His results hinge on assumptions about technology improvements, appropriate discount rates,

and the size of potential damages. Critics feel that Nordhaus may be:

® overestimating mitigation costs because he ignores the possible influence of higher
energy prices in spurring the development of new technology; and

® underestimating damages from climate change.

While both would tend to cause Nordhaus to be too lax in his policy recommendations, it is not



clear that such criticisms can be sustained far enough to overturn Nordhaus’s basic point that
strict action is inappropriate in the short term. The discount rate issue, while crucial, is difficult
to settle.
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_'A'Division of ﬂchCn_xw-Hill G .mnpames

Memorandum .
Date: o -Ja;iuary 21,1998 - |
" To:  HeidiNelson, ICF
CC:  TracyTery,EPA
_ From: James Lin, DRI (| ou»e_Ql

Subject:  TD #18, WA #1-07, Contract # 68-W-0029 o
| ‘The Carbon 'Emissions"lmp'acts of a Federal Gasoline Tax Redu_ctibn ,

“This memorandum summarizes the results from our simulation analysis of the-carbon

~ emissions impacts of eliminating the 4.3 cent federal gasoline tax enacted in 1993. The first
section describes the basic structure of the Transportation Submodel of DRI’s U.S. Energy
Model. which was used to forecast vehicle demand for oil. The second section reports the

~ estimated impacts of the proposed gasoline tax reduction on transportation fuel demand and
carbon emissions. : S o : -

_ DRI’s Transportation Fuel Demand Model. _ - _

" DRI’s Transportation Fuel Demand Model is a vintage capital model. It is premised on the
notion that the demand for motor fuels is derived from the demand for travel and consumer’s
preferences toward particuldr vehicles. Consumers determine the level of travel as well as the

~ vehicle stock composition through their purchase decisions. The stock composition,
.. associated efficiency characteristics, and vehicle vintage patterns determine the level of fuel
. consumption. Both vehicle purchase patterns and travel decisions are derived within the
.model as functions of economic activity and fuel prices. The model is capable of examining
..~ dynamic adjustments to fiscal policies such as road pricing and fuel taxes, as well as policies
directly affecting technological characteristics of the vehicle stock. .

The process of determining fuel consumption begins with consumers’ vehicle purchase
decisions, particularly the timing of the purchase and the type of vehicle bought. Total sales
of imported. cars, domestic cars, light trucks, medium trucks, and heavy trucks are obtained
from DRI’s Automotive Service. The next step is to determine the vehicle stock in any given
year, which is a function of past sales patterns and the technological characteristics of those
sales, as embodied in the survival probabilities associated with specific vehicle age groups.
- The vehicle stock in a particular class in any given year depends upon the number of vehicles

sold in each of the previous “N” years and the probabilities that these vehicles will still be on

* the road in that year. - . N ' '

N
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_ The total number of mules traveled by the stock of vehicles of a-particular class and fuel-using
type is the product of the number of vehicles in that class’ stock and the number of miles
traveled per vehicle in that stock. The vehicle miles traveled is estimated econometrically. It
varies across the class of vehicle and the age of the vehicles within that class (Generally, the

* older the vehicle, the fewer miles it is driven each year). It also changes with changes in the
real cost per mile and real disposable income. The real cost per mile is defined by dividing
fuel prices by the vehicle fuel efficiency. o | R o

Fuel consumption for a particular class and model year of vehicle is derived by multiplying -
each segment’s vehicle stock by the miles traveled per vehicle and then dividing by the
average fuel efficiency of the vehicle stock. The average fuel efficiency of the vehicle stock is

calculated as a stock-weighted average of the vehicle fuel efficiencies by vintage. Overtime,
new vehicles are purchased and old vehicles are retired. Since new fuel vehicle efficiencies are
affected by fuel costs, real fuel prices increasingly influerice the stock efficiency and hence
gasoline consumption over timé. Total fuel consumption is the sum of fuel consumption for

- each of the vehicle classes and model years.

The Impacts of the Gasoline Tax Reduction - ,
In this study, we applied the Transportation Model to-simulation the carbon emissions impacts
of eliminating the 4.3 cent federal gasoline tax enacted in 1993. 'The DRI’s Fall 1997 Energy.
Forecast was used as the baseline. As shown in the attached Excel workbook, the 4.3 cent

 reduction in federal gasoline tax reduces real gasoline prices by 3.40% in 1998, 2.3 1% in
2010, and 1.37% in 2020. Consequently, the total number of vehicle miiles traveled (VMT)
rises and new vehicle fuel efficiency falls. The VMT of passenger cars in 2020 increases by
0.68% from 1627 billionvehicle-miles iri the baseline to 1638 billion vehicle-miles while that
of light trucks increases by 0.67% from 1947 to 1955 billion vehicle-miles. The new vehicle
fuel efficiency declines by about 0.1-0.2 miles per gallon (MPG) from the baseline, which in.

' turn causes a reduction in vehicle stock fuel efficiency. '

The higher VMT and lower MPG result in an increase in transportation oil demand and
carbon emissions. Compared with thejba'seline, the annual highway gasoline consumption
. increases by 0.6%-1.7% and total transportation oil demand increases by no more than 1% for
'most years during the forecast period. The projected iricrease in total carbon emissions from
the transportation sector is about 1.8 million tonnes (0.37% of the baseline) i 1998, 4.6
~ million tonnes (0.85% of the baseline) in 2010, and 3.5 million tonnes (0.60% of the baseline) -
.in 2020: o ' ' :

S e
e
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Transportabon Sector Ouuook i
i (Percent Change from the Baseline to GasTuCH Case)
o 16 "199_7 1988 1999 2000 2005 010 A5 20
CARBON EMISSIONS ’
Total Emissions (Milkion Tonnes) ‘000 000 03 0S0 068 103 08 = 065 060
FUEL CONSUMPTION -
 Total O Demand (Trilion BTU) 600 000 037 0S5 065 101 082 084 058
Highway Gasoline (Blllon Gallons) = 0.00 0.00 058 0.88 0.99 1.57 130 - 108 033
GASOLINE RETAIL PRICES <7nuam) T
- Yo s ' - -
1996 Dolars : 000 000 |3 . 32 272 @ 182 A7
Nomina Dollars . _ 000 000 330 27 275 228 . .8 -4
Federal Tax- . © om0 0 PS50 B B WO R0 ;419
PASSENGER CARS |
VMT (BRllon) - o o0 oss o2 (e 13 . 109 o3 068
Mies/Car = .. 60 ~ oo o o077 0% 136 100 08 0
" Milea/Gallon (On-Road) E : -
New Car Avg - o 000 000 000 000 045 043 040 038 074
StockAvg . 000 ' 000 000 . 000 000 000 04 000 039
LIGHT TRUCKS
VMT (Bifion) - - 000° 000 0S4 D08 0% 138 109 085 067
Miles/Truck 000 000 O0S7 . 077 08 136 109 08 068
‘Miea/Gallon (On-Road) - _ . C : o A
New TruckAvg -0.00- 000 .. 000 - 000 -0.60 0.00 0.00 0.48 045
Stock AV | . 500 000 000 . 000 000 - 060 - 000 083 - 050

. \ .
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- Transportation Sector Outlook
- (ORI Fall 1997 Baseline Forecast)

1996 1997
CARBON EMISSIONS
Total Emissions (Millon Tonnes) 4463 4534
FUEL CONSUMPTION
Total Oll Demand (Trilion BTU)  23496.2 238952
Highway Gasaoline (Bilion Gaflons) 1195 - 1217
GASOLINE RETAIL PRICES (Cents/Gallon)
1996 Dollars 12868 1256
Nominal Dotiars 1288 .1282
Federal Tax 18.3 183
PASSENGER CARS
VMT (Billion) 1375 1375,
Mites/Car 11049 - 11080
Miles/Gallon (On-Road) . _
New Car Avg 213 215
Stock Avg 208 208
LIGHT TRUCKS
. VMT (Billicn) NCER
Miles/Truck ~ 11473 11525
Miles/Gallon (On-Road) o .
New Truck Avg 16 181
155

Stock Avg

158
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Tranéhortation Sectorbuﬂook
(Gasoline Tax R_opuctbn Scenario)

1996

CARBON EMISSIONS
Total Emissions (Milion Tonnes) 4453
FUEL CONSUMPTION |

Total Oll Demand (Trillon BTU)  23486.2

Highway Gasoline (Bilion Gallons) 1185
GASOLINE RETAIL PRICES (Cents/Galion) -

1996 Dollars . 1288

Nominal Dollars . 1288
Federal Tax . 183
. PASSENGER CARS
WMT 8illon) s
- Miles/Car - ' 11049
Miles/Gallon (On-Road)  * e
New Car Avg : 213
"Stock Avg - ' - 2048
LIGHT TRUCKS
VMT (Billion) T T
 Milos/ Truck _ 11473
Miles/Gatlon (On-Road):
New Truck Avg 18

StockAvg - o 155

SiM

1997 -~ 1998 1999

238952 . 245782 252

121:7 1255 1

T 1258, 1192 1

12827 1245 1

. 183 14

1375 1394 1408

46.8
29.2

17.8
259

14

11090 11278 11440

215 217
208 | 209
B61 928

218
21

991.

11525 11730 11910

181 183 .
158 157
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15.8
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184.7
" 14
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NQ, 765 081
From The Desk Of
'ANDY S. KYDES
To: Ray Squitieri ' Date: January 8, 1998
Re: Outputs requested for the $ 100/ton case

Attached is a summary table relating the NO, emissions for the AEO98 reference casc versus a
case that represents what might occur with a $ 100/ton carbon permit fee (fee100). You should
be aware of certain caveals and assumptions that go with these runs when you consider the
analysis.

° The reference case in AEO98 does not incorporate the new NO, standards and
consequently the path of NO, emissions in the reference case, if they were incorporated,
would probably be a little but not substantially lower than indicated.

° The sensitivity case that we run with the $100/ton carbon fee mukes the following
asswroptions: (1) the $100/ton fee is ramped up over three years reaching and retaining a
plateau of $100/ton in 2010, (b) that a carbon fee of $100/ton will trigger the
developmept and availability of advanced menu of end-use technologies as defined in the
AEO98 advanced cost reduction technology cases, (c) supply side technologies remain
defined as in the AEO98 reference case, (d) an advanced ethanol technology as an
oxygenate and for gasohol is made available by 2010, () economic overbuilding in
excess of required reserve margins on a year-to-year basis is allowed to reach 7 percent of
the existing generation base in the utility sector.

A cursory observation of the runs reveals the following:

. The availability and penetration of advanced end-use technologies is projected to reduce
primary energy consumption by about 4 Quads (3.7%) in 2010. |
® Natural gas use for generation increases substantially at the expense of coal generation.

In 2010, steam coal generation js about 5.5 Quads lower and natural gas generation is
over 3 Quads higher, resulting in a NO,. reduction of about 1.1 million tons from
generation, :

° Non-hydropower renewable generation is projected to be over 25% higher in the $100/ton
fee case than in the reference case in 2010.

® The $ 100/ton carbon fee increases electricity prices by about 33 percent in 2010 relative
to the reference case in 2010. Relative to the 1996 price of electricity, the $100/ton fee
case raises electricity prices in 2010 by about 14 percent.

® Primary energy intensity in the reference case declines by 0.9 percent annually between
1996-2020. Energy intensity in the $100/ton case declines by 1.2 percent annually.

T hopes this helps.
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From The Desk Of

: ANDY S. KYDES
To: - Ray Squitieri, Treasury Date:  January 14, 1998
Re: Suwmmary Tables of Carbon Permit Impacts

Attached please find a copy of NEMS summary tables in response to your request for information
on the impact of altemative carbon fees on NOx and SOx emissions. A complete set of printouts are
available as in the AEO98 reference case in the event you want them. In these tables, the results are
derived as follows:

Column 1:  ABO98 results

Column2: New base: Advanced AEQ98 demand technologies case with some further
adjustments. The sensitivity cases that we ran with the various carbon fees make
the following assumptions: (a) the fees are ramped up over three years reach and
retain a plateau in 2010, (b) that a carbon fee greater than or equal to $100/ton will
trigger the development and availability of an advanced menu of end-use
technologies as defined in the AEO98 advanced cost reduction technology cases, (¢)
supply side technologics remain defined as in the AEO98 reference case, (d) an
advanced ethanol technology as an oxygenate and for gasohol is made available by
2010, (e) economic overbuilding in excess of required reserve mMargins on a year-1o-
year basis is allowed to reach 7 percent of the existing generation base in the utility
sector,

Column 3:  New Base with a $100/ton éarbon fee

Column4:  New Base with a $200/ton garbon fce 7‘/7”/
Column5:  New Base with a $300/ton ¢arhon fee —/aTéW 4 / / c/
Table 62 is the table with the natonal and regional level Sox, Nox, and Carbon emissions. Y, A ;f/?/

Please let me know if you need anything else or want any explanation or further analysis.

i
cc Mary J. Hutzler

Scott Sitzer
An Andersen
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CSultur Diowlds, e ivicceinerranl 2“ .70 2,210 2.x2 Z.1¢] 2.48-2.,52 2.39-2.74 2.85] 2.63 2.95 1.83 1.75 1.3
Hitrogen OxBde...icqevervaire.| 1,86 1.85 1.06 1.45- 1.04} .18 1.12 .77 .70 .57) 1.23 1,13 .84 %7 .28
Soulhwesi Powar Pool ] . : : 1 . ) ]
Yotal Carbofn. scrsesscroccnseetBb9. “ £9.67 59.02 59,33-59,26/68.26 65.90.35.12 32.20 29.385070.37 e4.71 26.57. 24.39 23.59
Carton DIoXEde: rccveeriacsess (219,55 200,80 216.4 227.6 217,.31250.3 241.6 128.0 110.1 107.60258.0 244.6 97:41-89.42 84.59
Silfur Dloxdd®..ccvoeercceinas| .68 67 .68 (68 .68y " /62 02 .24 2. J26) B9 89 I3 )9 .7
"..m ﬂl‘*---.-q.n|.......| 69 1.,' .67 .68 .“' W -’. a3 .u' .2‘. 849 “' A6 - .38 12
Wastern Sysisms Counclil/IWP ) t . . . " . :
040D CArBON. . ceiererncscenes 126.03 26,76 24.78 20.72 26.66029.61 28.71 15.6) 10,85 10.25]30.64 29.53 12.9% 14,09 ’.1e¢
_ Carben luclld.................l’l..! 90,78 90.56 99.469 98.410180.6 1053 55.03.-39.78 37.56}111.6 188.9 44.32 37.60 33,56
T Sudfr DIOKEOR. . aiaraeniasieed 36 26 26 A6 160 147 N6 .43 .02 .01 1S A3 .62 - .01 .0}
Milropan Oulde...covieveveeresl 24 A .23 L2¢ .2" 256 (2B .09 0B T .04 .25 .2 .65 .04 .03
Western Systeas Councll/RA ) ]- .
Voled Cardofi.c.cenenvrvnsessas [27.94 27,99 27.%G 24.04 28. Nlll a3 30, 92 17.13 15.52 l! 47{53.15 31.91 15.72 13.36 12.10
Carbon DIoMAde. sevvvrre-arsn.(302,5 162.6 102:4-102.8 102.8]116.7 113.6 62.79 56,91 €9.59{121.6 117.0 57.6A 48.97 MN.57
Sultfur Dionidaisev.iceninsacaa.d 20 )8 .2k 21 21 .18 .18 A% a2 T azl .ae 16 .16 1% .27
“"m m‘ﬁl-lilliil;llllii' l“ <30 .3. _-2’ .2" -u Osl l“ .12 _o." -u ‘un "1 .08 ...'
Yestarn Syatams Council/cNy | ’ [}
Total COrdom.cisercescrasnsa. 122,87 22.43 22.39 22.27 22, szlza.u 20.67 13,03 9.73 7.69138.66 29.63 9,87 ?7.%30 .35
Carten Dioxdda.cicinesnnies ... 183,84 B2.25 02,10 81.66 81.851103,5 79.46 47.79 35.67 20.211141.7 103.6 36.18 27.48 26.%
Sulfur DISuBde:.siiererereniascd- 08 .08 .08 .00 .02] .p8 .8 .01 .01 .8l) .3 .08 .02 .01 .0
Nitrogen Quldg...........,...'.g 18 .39 19 )Y .HI .-'22 2 D U BN .u: 33 26 .06 .03 .0%
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2000 2000 2000 2088 2008 12018 202e- 2016 2010 209 [2018

2018 2615 2018 2015

)@ (3 ()
1 S . ) . . ,
Scrubber Retroflts tqlmun..= 08 .80 .00 .98 001 .e0 .00 .00 .00 .00 @ .20 .00 .60 .@0
. . . . I ' B
Intervregional $02 Allowenoss ) - { : N ]
Traded (thousssd tono)= .00 .00 .00 .90 .n: .69 .60 .20 .00 .n= .00 2 .08 .90 .0
S02 ALlawance Frice .....i......1120.9 157.3 76.25 75.11 73.70}189.4 186.5 ((63) ".a0 ‘.uiln.c 177.7 .5 .e» .08
) . ) i ) .
$02 Emlasians (milllon lmn.~...=u.n 10.19 160.42 10.44 u.u: v.22 9.00 9.0 9.0 9.!0: 9.00 9.00 %.00 95.20 9%.80
Coal Production by Sulfur Cates.| 1 |
(mhl}fon tons)- l | . ! . ] -
Low Sulfur (< ,86) nn s/amBlub, . [468.1 473.0 453.9 455.% 451.3(5%%.1 569.1 167.7 157.9°97.83)6840.9 595.8 181.8 84.70 69,53
" Med, Sulfurl.61-1.67 1908.8/mBtu) j490.7 492.9 484.3 2.2 A88.6]1670.1 A54.3 299.5 266.3 234,9]464.9 448.9 225.7 209.5 193.8
High Sultor 1> 1,67 iba. sn-shn:xﬂ 2 373.9 194.7 195.9 us;q=1-n.9 101.3 121.3 160.B u.u:zu.s 179.1 .87.%50 72.51 §5.68
Gasoline Prices | . I' - - . } . -
Treditional Casolins...........] .60 .60 .80 .90 .08| .0 .40 G0 .00 o8 .60 .00 .00 .08 .90
Oxyganated Cacoline............} .09 .00 (80 .00 .08l .80 .60 .00 00 .e0] .00 _.e0 .80 .89 .90
faforsulated Cezoline..........0 .00 .00 .00 .e» .08 .00 .00 .00 .08 .08l .09 .68 .00 .00 (1]
High-Oxygen Reformulated Gas...| .08 .60 .06 .60 .00 .00 .60 .40 08,00l .ep .08 .00 .08 oe
AVOFraQ®. .1 covrsrensscre .: .00 .60 .00 .60 .n: .00 T I ) .00 .n: .00 .00 .0 .90 (T
Casolina Quantitiss | | : ]
Tradltional Gusoline...........l .08 .ge .08 .g# .6C0 .80 .00 .86 .08 .00] .09 .30 .Q0 .0 @
Oxygenated Gesoline............0 .00 .86 .00 .0 001 .00 .00 .0O 00 .00] .08 _.@0 .6 .00 .00
fsformuluted -Oasoline..........]. .68 .08 .00 .00 .08( .@0 .00 .00 00 .00 .b8  .e¢ .60 .80 .00
Hlgh~Oxypen Reforsailated Gas...| .02 .08 .00 .00 .e8{ .es .00 .80 .00 .08} .ed .90 .60 .00 .08
TolBL. e ccecvrnocronarsvassans : .08 .00 .00 .00 .60} .20 8¢ .00 .O0 .u= .00 ;a8 .00 .00 O}
| .
Distillate Prices - ) -1 : . |
Distillats <= 0.05Y Sulfur.....0 .60 .00 .00 .00 o0 .00 .08 .08 .60 .05 .e¢ .00 .00 . J0 .0
. Dietillets > 0.05X Sulfur......) .60 .60 .00 .gs .08} .&0 .c0 .80 .00 00 .00 .08 .60 .80 .00
AVOrage. ..coisacrorassssonnse = .50 80 @2 es  .e0] .00 .68 .00 .DO .u: .00 7 .90 .00 .00 .8
Distiilate Quantities | i | |
Disttllata <=-9.985X Sulfur.....} .00 .00 .00 .02 .00 .50 .08 .0 .80 0N .@0 .00 .08 .00 .08
Distillsle > @.05X Sultur......} .00 .08 .00 .8 08| .a8 &0 @0 .O .00 .00 .83 .09 .00 .00
Yolmd. o ivivronons i iiereeeseedl .09 .08 .68 .06 .08] .00 .0 .03 .08 .00} .00 .00 00 . .00 .00
- : 1 } | )
4:8 3. N B .a .1 M), . . 5,‘ '“’..-‘.!_‘,“
ENERECGY ll'.llll!ldll-lONINlS‘llll!Ol -
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Office of Integrated. Analysis and Fomcastmg (EI-80)
1000 Independence Avenue, S.W.

.

| Washington, D.C. 20585
DATE //u//?y '

PHONE NUMBER

NUMBBR OF PAGES TRANSMI'I'TED INCLUDJNG COVER SHEET %

_ PLEASE CALL aqz_m_zz;g n= YOUu HAVE TROUBLE RECEIVING TRANSMISSION. '

1ooo INDEPENDENCE AVE FAX NUMBER: - (202) 586-3045

~ MESSAGE: -
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From The Desk Of

ANDY S. KYDES
To: Ray Squitieri, Treasury Date:  January 14, 1998
Re: Summary Tables of Carbon Permit Impacts

009
NU. 885 bo2

Anached please find a copy of NEMS summary tables in response to your request for information
on the impact of alternative carbon fees on NOx and SOx emissions. A complete set of printouts are
available as in the AEO98 reference case in the event you want them. In these tables, the results are

derived as foJlows:
Column 1:  ARO9S results :
Column2:  New base: Advanced AEO98 demand technologies case with some further

Column 3:
Column 4:
Column §:

adjustiments.  The sensitivity cases that we ran with the various carbon fees make
the following assumptions: (a) the fees are ramped up over three years reach and
retain a plateav in 2010, (b) that a carbon fee greater than or equal to $100/ton will
trigger the development and availability of an advanced menu of end-use
technologies as defined in the AEO98 advanced cost reduction technology cases, (¢)
supply side technologies remain defined as in the ABO98 reference case, (d) an
advanced cthanol technology as an oxygenate and for gasohol is made available by
2010, (e) economic overbuilding in excess of required reserve IMUrgins on a year-to-
year basis is allowed to reach 7 percent of the existing generation base in the utility
sector,

New Base with a $100/ton ¢arbon fes
New Base with a $200/ton earbon fee
New Base with a $300/ton darbon fee

Table 62 is the table with the national and :rcgional level Sox, Nox, and Carbon emissions.

{

Please let me know if you need anything ell,se or want any explanation or further analysis.

cc Mauary J. Hutzler
Scort Sitzer
Art Andersen
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Teble 1. Yotal Energy S!._Qo.lr snd Dispasititon Sg.-ary -

] "
2000 2000 2090 2009 ame lel 2010 2ale lﬂl 12005 2018 Nu 2418 2018

—

Preshuction

. i

Cruds DAl 0@ Lease Condensals.l15.0¢
“Hatural Gus 'lﬁlllm....l 2.39
ﬁ" hh“ ﬁ'--aqlu-lcuounclz'c“
M-....l"."..l'.'-'Il'.’llau
uolear er-n.-..u..u...l r.36
Imnm veerearranes] 6,82
Othar -

- . r.hl.....-..-....-.......l7‘.”

Mou Qnrg.n\-n:un-c-----l"nl.
P.lncl..'fodn(l -\.alu--.vu' 9.25%
.w Sas vouo--cnlosn---.-l .20
mm. ---c-.ao-o-----' 6L

'.‘.‘onluc--‘n.---nu‘cu.-l‘”“ .
Deptris ’ |
"'rol.“. ol----nu-uo--nnllo-! l ,l
NI‘H'II ...lll‘lnuulc-nu-o.tnl Y-
w--.-ltltlvIl.llllla'.l-vul'q‘
"'-.-co-n.-----oaa-n‘-.-:"
DIIH;.’INC1 l!vcc(c---nonbl-n-nb{ 88
Conmumption )

Petrelewm Products ceererrees038.38
Natlurea) m..................la "
CI‘I.....----..---.....-.o..-'22-“
“l“‘ Mv---vu.-a---..a'l 7.%6
lonq—bhm wessesescrar] 6.82
oAbar

l!l.lllll‘lllll'..l!l.l' -‘l

1.“!‘.-0--|vllltc|-000||'l‘ 9.9
M w. - MNI”.. -cvlvnoln 72
Prices (1995 dollurs per unit} l

Sorld DAL Price () par bH1) ...[0%.10)
Gus Nallhead Price(® /7 MNef)...| 2.12

}
Coal Minmwouth Price (8 / ton).|17.45 17.39 17.87 )37, B3 17.35!15.05 14.

Avar. Elsotriolity fcents / Kwh)] ‘!

( 12} (3 ) (5)
l! "% .l! 64 135.66 13.86)11.79 11.62 11.56 11.51 11.50(11.89 10.48 10.44 10.31 10.29
2.36 2,35 2.3 1.30 2.95 2.7 3.22 3.3 3. 39 3.2 ‘2.9 3.45. 3.2¢ S22 °
20.46 2,58 20.69 20.44125.39 24.03 27.69 28.55 2E2.97{26 .85 25.75 28.18 27.67 27.58
22,20 29,05 23.98 19.02)26.62 25.35 23.32 A12.k9 2.78127.73 28.50 - 9.58 8.97 7.8
7.36. 7,36 7.3 7.360 6.96 8.36 .36 6.34 6.3( 5.12 $.12 B.12 812 5.13
6.08 5.97 ¢.% 7.e2( 7, A1 7.31 10,18 10.74 20.27) 7.59 7.6) 13,35 14.17 .57
58 -“ .“ * -S‘l -.. t‘. l.‘_ l" n‘.' ..' “’ lo.‘ _‘o" l-l‘.
TA. 9 74.89 75.97 75. .l:.l.l. 77.92 72,69 72,78 .“:‘l'” 74,45 71.2¢ 70.13 89.38 -
. | . ) X
19,10 19.98 19.07 l’ 87023.17 23.%7 22.12 21.20 203782430 28, a9 22.99 22.59 22.9%
.89 A.27 4.2 4.27] 7.4 $.89 B.62 4.69 .5.07) 9.01 7.5 -85.907 ‘5,03 5.32
.21 9.25 -4.22 4.22] 0.66 4.53 Q.69 Q.68 4.4a1 §.44 2,80 3.71 5.2 S.83
63 . .63 63 -u‘ 57 K9 ).0m 1.28 ‘n“l 58 58 1,08 1.2 l!”
20.33 28.2% 28.17 ﬂ;-l‘:“-" 35,358 32.1 32.05 ll.n:!‘.“ S7.41 34,02 34.78 34.37 -

.. . | (

i.722 1.71 1.70 A. 71l 2,00 1.7¢ 1.48 1.9 1.32{ 1.89 1.83 1.59 1.5% 1.83

20 Y - 23 @8l . Yy > 29 .29 .M 1) .39 .3k .30

2.01 2.41 2.41° 2.41] 2.04 2.80 2.84 z.84 2.84) 3.83 3.93 1.23 3,03 3,03 .
4.40 .40 4.4 6-1.} .93 A9 &1 5B 4.48) B.22 $.15 4.3 4.87 8.9 -

48 .62 .6 .63 .08 .39 .82 -39 -.370 .09 -.2¢4 -.15 -.23 -7

46.03
i2.a9
.70
8:1%
14.59
‘lz.
.59

.06

T

. " ‘ .

58.26 38.26 38.25 38.26044.33 A%.85 40.68 39,95 39.40{96.20 49.49 al1.48
24:57 BO.5L 24.61 24.55(29.63 20,13 31.78 32.69 53.23051.44 39.312.39.3%
21.99 21.87 21.76 21.62124.0) 22.75 11.18 a.94 7.0) 20.55 22.74 ¢.02
7.36 7.35 7.36 7.36) 6.36 6.3 6.35 6.3 ¢.34] 5.12 $.12 5.22
6.0 £.92 6.9% 7.02] 7.42 7.3310.17 10.75 11.28{ 7.62 V.64 18.57

M 6. .6 Q1) .40 -39 .89 1.00 1. 22] .40 .43 .87
9.4 9.3 M,y n.qgln.z 188.¢ X81.0 99.3 %.7311035.7 110,58 101.0

[ d
s -

,-o!nu
I35 N38

21.70 21:64 2!.“'2].‘“:-20.” 20.68 25.644 2.6 !Q.llj!l.“ 30.19 26.47

’ { ¢
19,07 29.87 19.87 19.06]20,01 20,21 18.85 18,42 10.26021.88 29.49 17.88 17.62 17.3¢
2.02 2.31 2.33 .2.11) 2.3 1.92 2.00 2.59 2.61) £.35 1.92 2.9¢ 4.89 2.9
79 17.93 18.2¢ 10.95112.99 14.49 17.45 i8.40 10.74
5.6 $.6° 9.1 9.6 10.2
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95.7 ar.1 89.4
159.7 150.2 142.0.

Rasldential ) ) \
L) o T e 1 & | 25.7 25.7 25.7 25.7] 26.8 24.3 21,86 21.2 20.4) 2.5 13.9 21.8 20.9 20.4
Natural Pue......cvviovceneses] 77.0 26,0 76.8 76.8 76.8) 61.1 81.) 70.5 3.4 s6.0) 83.2 43.2 70.8 60.9 6J.2
c“.'lov1'lcvnulvl‘lnllllo“' l-‘ .-‘ .‘n‘ l-‘ ‘n. l.: l—. ‘-’ ‘-, l.z. l-' ‘c' ‘!. ‘u‘ ln! -
Elecirfelty...... .. 0000000 )200.3 199.6 196.2 £97.6 198.0|230.9 214.6 134.7 121:6 109,0(248.0 225.5 165.3 3.7 9.8 " .
Yd‘hl.......................{ll!.b !O! S 382.1 Je1.5 301.9/338.1 320.0 228.2 N2.6 l’..!l!&l.' 339.0 201.6 189,7 1060.2
Commarslial . . . [ - .
?OQN.I.\.......-............. 12.8, 12,8 12.0 12.8 12.68) )2.¢ 12.7 12.3 22,1 12.0] 12.7 1N2.6 1R.2 12.6 INP.9
Notural 888...cc.cicrarencss] €9.9 Q9.7 49,7 49.7 a0.7] S8.¢ 52.7 4%.4 44.6 47.9] BS.4° 4 49.3 48.6 A2.9
.w-..-..a-t-.luulqau-uo-tti' v’ .a 22 2! !2' z.‘ 2.Q z.“ l‘ z" l“. 0' .h’ ..J .!s . -
[ ] i .
1

53

2

!l.cirhllv.................Jm 2 263.3 180.1 179.3 A79.91205.1 194.3 122.3 109.0 . 99.0)1217.9 203,
Ydll...................--.:M? i1 244.0 2440 N ] H‘.‘li?‘-‘ 64,2 168.4 173.6 IOI.QIH..‘ 278

tncisbrial ., l ) { . . {
I’-anlu-....................Ilﬂ 3 l02.7 182.5 lu.b nz 7(115,6 112.4 164.5 93.4 99.19119.3 114.5 107.6 105.2 183.3
Matlural GmF %....iricerisess.-J1E6.5 154.4 154.4 154.4 154.31145.0 158.6 150.5 251.0 159.4{167.) 158,9 244.7 043.2 1ei.2
Comh....ccviiiriieisiesinnes;e]l 60,7 §9.4 B9.4 59.4 S59.4] (2.0 S5.9 4.7 "47.0 46.8) 61.7 5I.3 &5.7 A5.1 MN.7
Clsolrialiy. . civicnicanriest s [187.3 185.9 204.4-18Y.9 184.3[219.1 205.3 141.5 126.2 315.6(230.6 210.% 122.0 192.3 94.4
70'.1.....-...............;:!_‘6.7 502.3-5900.7 $8).3 Hl.?:!“.l F32.1 444.0 QZ!.!JM.G!!‘NJ BE37.1 412.0 398.7 383.8 .
Transporiation . . -4 - |
Petroleun. , tesieseentrrsenee $92.4 892.4 B592.2 $92.2 £92.20681.0 391.) 557.1 545.7 558.6)432.7 415,08 552.3 542.2 533.2
BE® c-.covircrresenee) 32,2 32.% R2.0 12.% Az.8} 17.2 6.4 17.4 17.9 17.9) 1.6 17.9 18.4 1e0.1 18.1
[+ 1 1, R I T | 3 " | 11 1.8 1.% 1.8 1.3 .20 2.2 2.3 2.9 1.9 1.0
Clectriolty. . ..... i 0cieciiass 3.2 9.3 3.2 5.2 3.2 7.3 .e.7 5.5 5.¢ 9.5 9.5 10.¢ 5.1 ' e,7 4.3
Tota)...citcieaciioninerssn s |BAY.9 837.7 BA7.5 BA7.6 nv.s:ur 5‘6!7 7 581,94 B6Y.Y “2-!}‘52.7 6.6 577.0 566.9 557.4
Total Caréon:Emlssions .. . I - . | I : . -
Potroleum. s v iscvecnenraran-ss [ 644.4 643.6 045,.3 €643.0 $43,31754.2 749.5 095.6 677.5 669.01708.9 764.9 €93.5 680.4 648.0
T Haturel Gasii.ccaniiiniirinas (BP0 292.9 292.0 293.0 202.8)325.1 308.8 287:8 204.7 282.90524.9 513.4 RAB.3 £74.9 274.9 -
COAd .. iqierorcaistitrensansi]| 60.3 63.0 63.0 63.0 63.1) 66.6 69.7 S1.4° 59.7 89.2] 85.6 57.1° 49.5 d8.0 4.4
Ohar ..cvversccisrcsninrensal 9 | 9 ] .1 - .11 2. 12,8 1.3 1.3 1.2) 2.2 2.3 L9 1.9 1.8
Eleetrdelty cc rineciiineees JBT.0 570,12 $55.9 564.2 S45.41062.9 629.4 A93.8 362.6 377.0/765.8 459.1 320.9 292.6 zre.5
10“1.........‘............= L3777 1376 1583 1B84 M: 1683 1735 1640 13D I!S.!; 1880 1748 1351 1393 1264
Eleciric Generalors .. ] {
PotrolauB...criiresescecnses ) 13,4 10,6 20,8 10,8 10.7f 7.4 7.2 4.4 ‘5.3 6.8} 6B 6.2 6.3 4.5 A.&
Netural Cuscvicioineiccerinc.d 59.6 58,8 57.9 59.3 50.61286.3 95.5 167.9 182.1 193.8]1025.4 100.5 1935.1 1%94.3 197.%8
l:col.........................lﬂl.. S00.& A97.2 494.5 4%.1(549.9 522.6 231.3 175.2 126.4(574.5 525.¢ 121,58 95.9 &B.4
hhl......................:l‘h .8 S70.1 565.9 S6A.2 K4S, O:“é.l 629.4 493.8 ¥5X.6 uv.o:ns.o 650.1 328.9 2924 27e.5
Total Carben Emisajena .. { B | - A I
Patraloim, .. cvrivisccrcises |655.8 694.2 654.9 659.0 654.1)761.5 787.7 790.2 682,08 675.3)795.7 771.1 99,7 GBA.9 470.4
T Hmtureal BEA. L crreiierarrnee-154.2 B50.7 3550.0 352.2_ 381.5}424.4 Q05.2 455.7 4658.8 476.7(059.3 432.9 478.4 q73.1 A71.8
COM . ucvrirrenatsssovaraners-|547.5 568.7 569.2 587 ,5 559:1)615.9 SA2.4 282.7 225.9 176.6)640.1 EA2.5 i71.0 142.7 116.9
m h..‘l'l'bl‘lI'O‘hl'l’-l" lx .u‘ I‘ .ll ul' 1!‘ lo’ ‘v’ l-’ l.!' '.2 !u’ ‘\’ .-’ ‘-.
Talad. .. .ciavvisvarecarss | ST 1570 1865 1564 1585] 1083 1735 1449 1379 1331] 1888. 1783 1351 1993 1244 -

! . ! i )
Emisslons {. }

. . ) -
'uunp-rp-fm).............l §.7 . K7 8.7 ‘5.7 s.ﬂL'S.o 5.6 4.0 %.6 4.5) 61 S$.7 43 4.2 e

I, ‘.‘JC. 0.40113%8> (8)
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. Table 62, _Emissfona by HERC Region (wilifon short tona)

12608 2000 2000 2090 2030 12014 2008 2010 2010 2018 Jams 2005 205 2018 201§
) ¢ . . - ; )

t-..“m.cnt---unov-cotnul---o-p' - ' ) . '

nited Stetes <. . ! . - ] . . .
Yotel Carban..i....vvevuain. . |B74.0 B70.1 BAS.9 56n.2 545.4(662,9 62¢.4 403.0 342.6 327.00706.8 658,1 320.9 292.6 270.5%
Carbon Dioxide.........,......| 2100 209 3075 2069 2073] 2431 2289 )48l 3133 AL99) 2590 2304 1177 173 991.9
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HAItQI’I. ENEREY NODELING SYSTIEMR
Table 62. Eaiss ons by MERC Region (mlilion short tons) ICantinued)

.- - -

m.m ﬁl*.-...-.- I‘l'll‘lll .39 .39 ". 29 o’.l 33 lsl - .39 . -n _-.’I 32 e ) | . -‘1 N ) .08
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January 15, 1998
NOTR

TO: Randy Lutter, President's Council of Economic Advisors

FROM: John Berg, FHWA
SUBJECT: . Potential Impacts of hypothetical fuel price increasas

Randy,Since we haven't been able to connect by phone, I thought
I'd send you over a few thoughts via fax. Since the effects you
are interested in (investment req'ts. and traffic congestion)
stem from the effect on overall travel, I'll start by speculating
on possible effects of tax-induced price increases on fuel
consumption. Most models relating fuel consumption to price use
short-run elasticities in the range of -0.1 to -0.15 or -0.2.
I've seen longer-run elasticities of -0.4, and sometimes higher.
However, even with these higher long-run fuel price elasticities,
the effect on travel has been much reduced because, once
consumers perceive that the fuel price increase is long lasting,
they tend to upgrade the fuel efficiency of their vehicles, so
travel elasticities are much lower.

I don't have recent DOE estimates of these relationships, but a
1991 report, “Studies of Energy Taxes,” provides some relevant
information. The estimates DOE calculated for a S0-cent tax
increase in 1991 indicate a 2.5 percent reduction (from the no-
tax baseline) in fuel consumption in 1991, and a 7.5 percent
reduction in 2000. Although I can't tell from the report, I
would assume that they kept the price of fuel 50 cents higher
than the baseline in real terms over the 1991 to 2000 period
(that is, with further increases in fuel price in nominal terms
over the intervening years).

The estimates of the effects of this tax increase on travel are
quite revealing. Here, you see a 2.8 percent reduction in
vehicle miles traveled in 1991, but by 2000, travel is only 1.1
percent below the baseline. From these figures I calculate a
compound rate of grdvth of vmt of .008 percent per year in the
base case (very low estimate compared to historical trends), and .
.007 percent per year in the case of the 50 cent tax. A 50 cent
tax in 2010 would of course have a much reduced real effect than
the tax examined in the 1991 study. While I'm sure DOE has
updated these estimates, I think they make the point that, for
your purposes, a 50~-cent tax would not be likely to have a
perceptible affect on overall travel, much less urban travel or

congestion, and would not be likely to have a noticeable effect
on investment requirements.

I guess we could speculate further on how these travel reductions
would be reflected in urban travel and congestion. My guess is
that urban congestion would be less effected by the fuel price
increase than would longer non-urban trips, but that is only
speculation. I personally think that the only way a price
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.increase is going to significantly effect congestion, is if the
price increase is in the form of a congestion fee (place and time
specific), unless you're talking about a very substantial price
increase (one that would substantially shut down economic
activity). 1In a paper included in the National Academy of :
Sciences study of urban transportation pricing (Curbing Gridlock, :
1594), the late Greig Harvey shows estimates of the effects of a
gasoline tax increase of $2.00 per gallon resulting in reductions
in vat of 8.1 percent, and 7.6 percent in trips (the years aref:fj

-

(i

0

clear here).

In sum, I guess my advice is that a gas tax in the range of

50 cents per gallon would not be expected to have much effect on
either congestion or investment requirements. Another thing to
keep in mind is that a major part of the Administration's current
Global Climate Change initiative is on improvements to the energy
efficiency of vehicles and fuels. This would imply even a lesser
affect of a fuel tax increase on travel.

I suggest you touch base with the Department of Energy, Energy
Information Administration for their latest estimatea of fuel tax
policies on consumption and travel. The name and number included
in the 1991 report is Gerald Peabody, Distributional and Energy
Demand Analysis, 202-586-6160. Another excellent contact is Dave
Greene, with the Oak Ridge National Labs. David has been doing a
considerable amount of work in the area of energy and
transportation demand in the context of the current global
climate change discussions. The number I have for him is 615-
574-5963. I hope this information is helpful to you and I would
be glad to discuss this with you further.
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HATIONAL BNEﬁGY MODEBELING SYSTEM
Table 1. Total Energy Supply and Disposition Summary - )

__(Quadrillion Btu per Year, Unless otherwise Noted) - 9
{ : | N
Supply, Cisposition, and prices}2000 2000 2000 .2000 [2005 2005 2005 2005 |2010 2010 2010 2010 [2015 2015 2015 2015 |2020 2020 2020 2020 Eﬂ
; 1Q)  (2) -G} () 1) (2 (30 @ |4y @) {3) (4) J(1} 20 (30 ¢y J) 2y  (3) 1LY 3'
| : | | : | ' | ' . sl
Production | | | | |
Crude Otl & Lease Condensate.|13.06 13.06 13.07 13.07]12.33 12.33 12.33 12.26[11.60 11.80 11.77 11.56|11.07 11.05 10.97 10.61]10.33 10.31 10.15 9.76
Ratural Cas Plant Liquids....| 2.39 2.38 2.37 2.36] 2.63 2.64 2.66 2.56] 2.93 2.94 3.02 3.02| 3.28 3.13 3.24 3.17| 3.30 3.29 3.40 3.25
Dry Matural Gas............. .}20.85 20.76 20.75 20.60|22.83 22.90 23.10 22.256|25.30 25.35 26.09 26.19|26.72 26.688 27.86 27.16|28.12 28.09 28.92 27.72 23
COBL. e cvennononaonnacaasnss .}24.33 24.42 24.42 24.21]25.52 25.52 24.99 24.22|26.50 26.33 23.52 19.25]27.64 27.18 23.54 15.96|208.37 28.06 24.25 19.42 .
Nuclear POWEBL....c-oceneeenns .| 7-36 7.36 7.36 7.36| 6.87 6.87 6.87 6.87] 6.36 6.36 €.36 6.36] 5.12 .5.12 5.12 $.12| 4.09 4.09 4.09 4.09 kj
Renewable Exnergy .-...-.-. ...| 6.82 6.82 &.84 6.83|77.12 7.11 7.17 7.34{ 7.41 7.42 7.97 8.05| 7.86 8.00 ©.89 9.0¢| 8.19 8.48 9.32 S.83
other ......-. eeeaecssananaan | .s6 .56 .56 .58] .55 .5¢ .54 .54 .48 .48 .55 60| .64 .83 1.01 .92 .89 .98 1.25 1.37
Total..... e eev..|75.36 75.35 75.37 74.98|77.64 77.30 77.65 76.04{60.79 £0.67 79.28 75.04|82.32 62.19 80.63 74.58|83.29 83.29 81.37 75.4¢
| | | | | =)
imports | { } | Q
Crude 08l ....coceavecn- v....}19.18 19.39 19.15 19.11]21.98 22.05 22.10 21.91(23.18 23.31 23.16 22.96|24.35 24.65 24.34 24.09|25.40 25.71 25.3¢ 24.27 N\
.petroletm Productsd .........- | .39 4.26 4.27- 4.40} 5.55 5.51 5.52 5.19] 7.56 7.30 7.10 5.62| 8.81 6.21 7.60 5.82] 9.50 9.02 8.2¢ 6.19 m
Natural Gas ....-..eceeoeev-ns | 9.21 4.23 4.22 4.21] 4.44 4.43 4.52 4.42] 4.70 4.72 4.87 4.85| 5.06 S5.10 5.38 s.28| 5.36 5.35 5.7¢ 5.52 {
Othexr [apOrts .......ccece-ne | .62 .62 .62 .63} .s8 .58 .s8 .60] .57 .57 .59 66| .54 .54 .57 .64] .56 .56 .58 .66 o
TOtal...cuveoeennnnn e..-.|28.20 28.31 26.27 28.35]32.55 32.61 12.73 32.12|36.01 35.90 35.72 34.08|38.77 38.51 37.89 35.91[40.82 40.67 39.90 37.35 e
: o I | [ . [ ]
Bxports ! l | ! ! 3
PebtrOlBulr .. v.v e ] t-73 1,73 1.74 2.73] 1.73 1.73 1.73 1.92] 1.78 r.70 :.70 1.79| 1.86 1.82 1.62 1.80] 1.64 1.3 1.59 1.€€ N
Natural Gas......ccecvnvernnn I .28 .28 - .28 .28| .28 .28 .28 .28 .29 .29 .29 29| .30 .30 .30 .30] .32 .32 .32 .32 o
Coal.vevrranncanmararaareaan [ 2-41 2.42 2.41 2.41] 2.64 2.64 2.84 2.64| 2.84 2.84 2.84 2.84] 2103 3.03 3.03 3.03] 3.23 3.27 3.23 2.23 N
Total....ooee-n- heeieaa- | 4.41 a.€¢1 4.42 4.41]| 4.65 4.65 4a.66 ¢.65| 4.51 4.84 4.83 4.83] 5.19 5.14 5.15 $.13| 5.20 $.05 5.15 5.21 tﬂ
! | I i |-
DiSCIeDANCY v ovvmvccecvrnnnn-ons [} ] .62 .63 .46| .05 .01 .03 -.07| .14 .19 -.27 -.31} -.09 .23 .0S .00| -.07 -.08 .00 -.05 z:
| | | : ( {
Consumption . | | | | g
petroleum Products .......... |38.37 38.38 38.35 38.26(41.38 41.45 41.43 40.69|44.37 44.37 43.72 41.92|46.21 46.20 45.42 42.87]47.65 47.70 46.82 43.85
Katural Gas...... eerieaeaae [24.76 24.69 24.68 24.51|26.93 27.00 27.28 26.34|25.57 29.63 30.51 30.56{31.32 31.53 32.76 31.97|33.00 32.99 34.14 32.75
Coal....... e . |22.13 22.22 22.21 22.01|23.11 23.10 22.63 21.63(23.91 23.73 20.91 16.71[24.87 24.41 20.78 16.28|25.40 25.09 21.28 16.49
Ruclear POWer.......cecanncns | 7.36 7.36 1.36 1.36] 6.87 6.87 6.87 6.67| 6.36 6.36 6.36 6.36] 5.12 5.12 5.12 5.12| 4.09 4.09 4.09 4.09
Renewable Bnergy ........-.- .} 6.82 6.82 ¢.8a ¢.8¢| 7.22 7T.12 7.17 7.35] 7.43 7.43 7.99 8.07] 7.88 8.02 86.92 9.06] 8.22 8.51 9.35 9.86
Other ..cieonvanens e N Y 5 S § | .41 41| .37 .37 .37 A7 40 .39 T .42 46| .41 .41 .43 .46| .43 .43 .45 .e9
TOLA)..v-veneannomannns ....| 99.8 99.9 99.9 99.4[105.8 105.9 105.8 103.4}112.0 111.9 109.9 104.0]115.8 115.7 213.4 105.8[118.8 118.8 116.1 107.5
. | ] :
lNet Imports - Petroleum.........|21.84 21.73 21.69 21.79|25.80 25.87 25.89 25.37|28.97 28.91 23.56 26.88]31.30 31.04 30.12 28.18|33.26 33.20 31.9% 29.50
| | 1 | i
srices ‘(1996 dollars ger unit) | ) | | | ) -
Rorld Oil Price ($ per bbl) ...[19.12 13.11 19.11 19.06{20.25 20.27 20.25 19.76|20.60 20.77 2¢.36 19.127{21.17 21.08 20.35 19.12{21.82 21.81 21.0¢ 19.95

Gas Wellhead Price{$ / Mef)...{ 2.13 2.12 2.13 2.13] 2.15 2.15 2.19 2.08} 2.26 2.29 2.49 2.36] 2.32 2.37 2.67 2.58] 2.49 2.56 2.85 2.64
Coal Minemouth Pyice ($ / ton).[17.36 17.44 17.4% 17.40|16.00 16.26 16.26 16.17{14.87 15.15 15.5Q 15.82{13.88 1¢.24 14.61 14.58]13.26 13.50 13.74 14.26
aver. Hlectricity (cents / Xwh)] 6.5 6.5 6.5 6.5] 6.2 6.2 6.3 6.2 6.0 €2 7.1 7.9] 5.6 S.8 6.8 7.6f] 5.5 5.6 5.7 7.6
i | | |
newbase.d012158a - 0 Tax, Reference Demand Technoloqy (1), fees005.4012298a (2). fee050.d4012298a (3), fe=100.4012298a (4)
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Table 17.

Carbon Emissions by Sector and Source

(Million Metxic Tons per Year, Unless Otherwise Goted)

sector and Source |2000 2000 2000 2000 [200S 2005 2005 2005 |2010 2010 2010 2010 |2015 2015 2015 2015 |2z020 2020 2020 2020
1) ¢y (3 (4} Q) (2] (3)  ¢e) J(ap () (3 (4} JQ) (2) 31 (¢4 Q) {2) 3) 4)
. | { I l.
zesidential | . | | : |
Petroleud. ...oovaneceeacnann | 2s.8 25.8 25.8 25.7| 26.0 25.0 25.0 20.8] 24.8 24.7 24.1 23.1] 24.6 24.5 24.0 22.7| 24.3 24.2 23.8 22.2
Hatural G2§......-ccunn e | 77.0 76.9 16.% 76.8| 78.7 78.17 78.5 78.2| 81.2 80.8 77.8 74.7| 84.0 B3.3 79.8 75.7| 86.1 85.4 82.1 77.4
[T S R [ 1.4 1.4 21.¢ 1.4/ 1.4 1.4 1.4 1.4] 2.¢ 1.3 1.3 1.3] 2.3 1.3 1.3 1.3] 3.3 1.3 1.3 1.3
Elactricity.......... veev...-]201.3 201.8 201.6 199.4|215.6 215.6 212.7 202.4]229.8 228.5 209.1 174.0[247.9 244.5 219.4 179.9]265.8 262.9 235.5 190.4
Total........... weesiese.-.|305.5 306.0 305.8 303.3|320.7 320.7 317.6 306.8]237.3 335.4 312.3 273.1]357.9 353.6 324.5 279.6|377.5 373.8 342.6 291.3
] | | | | :
Commexcial i | | | |
PEtyYOleum. .o oo cannaennns vo.f 12.9 12.9 12.9 12.8]| 12.9 12.9 12.9 12.8} 12.8 12.8 12.7 12.5| 12.7 12.7 12.% 12.4| 12.5 12.4 12.3 12.1
Natural Gas.........-uc-r- ...| 49.3 49.9 a9.9 49.7| sz.1 S52.0 S2.0 s1.2| 54.1 S3.9 53.0 s0.8| 55.5 55.3 54.2 51.1| $5.6 55.3 S4.3 50.7
COALeurevoracanennanarsocans d 2.2 22 =22 2.2 2.3 2.3 2.3 2.3 2.« 2.4 2.4 2.4] 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Blectyicity...... weeieae-v...|2182.1 202.6 182.4 181.1]192.8 192.8 190.3 184.9|204.1 202.9 185.1 158.6]216.9 213.8 190.7 160.5]223.9 221.3 196.5 162.9
TOEAL. . iveiecneananeccatnn 1247.1 247.5 247.4 245.8]|260.1 260.1 257.5 251.3|273.5 272.1 253.2 224.3|287.7 284.3 260.0 226.5({294.4 291.6 265.7 228.3
l | . | : | I
Industrial .. | | |
PetroleUm. «vovruaoncananeans 1103.3 103.2 103.1 102.6]10%.6 109.9 109.9 107.9]115.¢ 116.0 113.4 109.7[118.6 119.5 117.1 110.4(319.3 120.0 117.4 110.6
Matural Gas .......--. Ceeeen |165.5 155.5 155.5 154.4|158.6 158.6 158.7 153.4|1€6.0 165.3 163.1 153.3]|167.2 166.6 154.4 152.3|167.9 166.8 164.4 151.4
Coal....... eeeeaea e | 0.6 60.6 &0.6 S9.4| 62.3 62.3 62.4 $7.9| 62.7 62.2 S7.3 49.3| 61.6 61.1 S8.5 47.0] 60.5 60.1 SS.3 44.6
BLeCEYiCitY i verromnrscocnsnns |187.5 188.0 187.6 185.6]203.0 2¢3.5 20:i.3 193.2(217.0 217.5 207.2 182.5|228.5 227.8 213.8 184.7(237.4 237.3 221.4 187.8
TOLA). ot ie e e cneniaa e |S06.8 507.2 506.8 S02.0|S33.5 524.3 532.2 512.5[561.2 561.0 541.2 495.4|575.9 575.0 551.7 €94.5]585.3 S84.3 558.5 494.4
| | | | |
1ransportation | . | | )
PELTOleUM. .. oo {502.7 502.8 502.8 502.3|65%.7 S53.1 553.2 549.6|600.6 529.8 £85.3 569.5|628.1 622.6 €07.4 580.8]649.0 646.1 627.0 591.3
RAtural GaB ......c-eee-ocoes | 12.1 12.1 12.1 12.0] 14.5 14.4 14.6 14.3| 17.2 17.2 17.1 217.0¢} 18.3 18.3 18.6 18.3] 19.7 19.7 19.9 19.}
(3753 7Y A S O | -2 .1 -1 .1} .S .5 .5 51 1.4 1.6 1.4 1.4 2.2 2.2 2.2 2.1} 2.7 2.7 2.6 2.5
BlectriCity. ccvrceenn i ons | 3.3 3.3 3.3 3.2 5.9 5.9 5.8 5.8 87 8.7 8.0 7.2|] 10.7 .6 9.5 #8.5{12.2 12.1 10.59 3.7
TOLAL. o oevonnoonarnnaacsns |s18.2 518.2 518.2 517.7|S73.6 574.0 574.1 §70.2|627.9 627.1 615.8 $95.0|659.4 653.7 637.7 609.7)1683.6 680.6 660.3 622.6
| | | | ]
Total Carbon Bmissions .. | | !
Petxoleum..... e eeeeaiees....|644.7 644.6 644.6 643.4|700.1 700.9 701.0 695.1|753.6 753.¢ 729.6 714.8|784.0 779.3 761.1 726.3]605.1 802.9 780.5 736.2
Watural GAS.. . ...cieenicenan- |294.5 29¢.3 294.5 292.8|303.9 303.7 303.7 297.1|318.6 317.2 311.0 296.4|325.0 323.5 316.9 297.41329.3 327.2 320.6 298.6
COBL. i vernamcannaoennnnnanns ...] 64.2 €4.2 64.2 63.0| 66.0 6€6.1 66.2 §1.6| 66.5 65.9 61.1 53.0] 65.5 65.0 60.31 50.8] 64.5 61.9 59.1 48.4
OLhEX ccucevcatonironmennenn | .1 .1 a7 .5 .5 .5 .| 1.4 1.4 1.4 1.4] 2.2 2.2 2.2 2.1 2.7 2.7 2.6 2.5
Blectriciby. . connacennnnns 1574.1 575.7 574.9 5639.41617.3 617.9 610.1 586.4]659.7 657.7 609.4 522.3(704.0 696.7 €33.4 533.6{739.2 733.5 664.3 550.8
Total..coiionnnnnoanns e....| 3578 1573 1576 1569| 1688 1689 1681 1641| 1800 1796 1722 1588| 1681 1867 177¢ 1610} 1941 1930 1827 1637
. : i 1 - | | -1
Blectrié Generators .. | { |
POtrOleUM. « o ccvvnennevnan e | 11.2 11.6 11.1 10.6{ 9.2 5.3 9.5 9.1 8.2 8.2 21 6.s|] 2.6 1.7 %1 71.8] 7.8 8.3 9.3 7.3
Ratural Gad...........--- ....] 60.0 59.1 58.7 57.9| er1.8 82.5 82.1 €0.4]104.9 107.3 126.1 141.9{123.7 128.2 152.5 161.1|143.6 345.4 168.7 171.1
Coal...... e R |502.9 505.1 505.0 500.8|526.3 525.7 513.5 497.0[546.7 542.2 474.3 373.4]572.7 560.8 471.8 364.7{587.9 575.8 486.4 372.4
Total..... P V.o ...]374.1 S75.7 574.9 569.4[617.3 627.2 610.1 $86.4]659.7 657.7 609.4 522.3{704.0 696.7 633.4 $33.6{739.2 733.5 664.3 550.8
| l | | |
Total Carbon Emissions .. | . . | }
Petroleum. ... .. ..-ion ....|655.9 656.2 655.7 654.1|709.3 710.2 710.5 704.2]761.8 761.6 748.6 721.7[791.7 787.0 770.3 734.2(812.9 811.2 789.7 T43.5
Natural Gas......ce.vevnenon- |354.5 353.4 353.2 350.8]385.7 386.6 390.8 377.5}423.5 924.4 437.1 438.3]4486.7 451.7 469.6 458.5(472.8 472.6 489.3 469.7
Coal.....oann- veaeneese...|567.2 669.3 569.2 563.9]|592.3 591.8 579.7 568.6{613.2 608.1 535.4 426.4]€38.2 625.7 532.1 415.51€52.4 641.8 545.5 420.9
orher .....-.-.-- et eieaenaen .1 I TS § .1 .S .5 .5 .| 1.4 1.4 1.4 1.4] 2.2 2.2 2.2 2.1] 2.7 2.7 2.6 2.5
TOtal.eeoveenrmnnnnascnnans | 1s7¢ 1579 1578 1569| 1€88 1639 1681 1642) 1800 1796 1722 1588| 1881 1867 1774 1610] 1941 1930 1827 1637
| | ! ' : | |
Caxbon Bmissions | | } | 8 |
(tons per PRrgon) ......c-cu.n- | s.7 5.7 s.7 s5.7{ 5.9 5. S.5 s.7{ 6.0 6.0 5.8 £5.3] 6.0 6.0 5.7 5.2] 6.6 €.0 S.6 S.1
pewbas=.d012198a - 0 Tax, Reference Demand Techunoloqy (1), fee005.4012298a (2], £e€050.4012298a (3), fee100.d4012298a {4)

LT

£e

@L8S CeS 2a2 « 4”10,813/30d

928°N

pN%'d

ge/£2/18



NATIONRAL

ENBRGY

KODRLIYNG

EYSTEMW

Table 62. Emissions by BBRC Region (million short toms)
except Carbon and Carton Dioxide (million metric toos)
| : 1 | |
2960 2000 2000 2000 [2005 2005 2005 2005 |2010 2010 2010 2010 |Z015 201S 2015 2015 |2020 2020 2020 2020
(@) (2 13 @ jE) @) (3 W lay (25 (3) @ ja) @ (3 (4) b(r) (2) (3 (4)
| | | : 1 i
MISERONS . .- mee o n v m oo e { | . | | |
Joited States | | | |
Total CALDOM...cccveeses:-4---]574.1 375.7 574.5 $69.4|617.3 617.9 610.1 586.4]659.7 657.7 609.4 5 2.3|704.0 696.7 633.4 633.6|739.2 733.5 664.3 550.8
Carvon Dioxdde....-c..oon s [ 2365 2111 2108 2088| 2263 2265 2237 2150] 2439 2411 2234 1915| 2531 2555 2322 1557 2711 2630 2436 2020
Sulfur Dioxide..........counen [10.19 10.19 10.19 10.19] 9.59 9.65 9.63 9.69] 9.00 9.00 9.00 oo| 9. 9.00 9.00 9.00j .00 9.00 9.00 2.00
Kitrog=n Oxide.....ccooevennnn | 6.5 6.27 $6.18 6.10f 6.29 6.28 6.:8 5.96| 6.48 €.44 5.81 (]£p| 6. 5.64 5.81 a.74} 6.9a 6.86 5.9% 4.83
3ast Cent=al Area Reliabillty | | | |
Toral Cazbon.......evnn . 1129.9 129.1 129.1 127.0]|135.7 136.8 134.4 129.4|143.8 143.7 130.1 106.5]143.2 148.6 134.4 99.0]155.3 155.5 139.6 105.9
Carbon Dioxide.........c.oanen [472.3 473.5 473.4 465.7|487.6 S01.6 452.9 474.5|527.3 527.0 476.3 390.6}547.0 544.9 432.8 363.1|569.6 570.0 511.9 388.3
Sulfur Dioxide...... taeeen ...| 3.3% 3.61 3.61 3.60| 2.23 3.53 3.8 3.41] 2.98 3.10 3.11 3.28] 2.8¢ 3.10 3.22 3.01| 2.80 3.10 3.02 3.11
Nitrogen Oxide.......cooov-on-e | 1.50 1.50 1.50 1.48{ 1.5 1.57 1.52 1.47] 1.61 1.41 1.04| 1.64 1.63 1.42 .88] 1.68 1.68 .45 .95
3lectric Reliability Councl] ™ | i | . | . | .
Total Carbon...... PP |45.92 45.91 45.89 45.74]|47.40 47.40 47.28 46.27|50.00 49.80 45.62 33.86]52.61 51.91 47.59 36.42{54.64 54.40 50.01 38.41
Carbon Dioxide..... veeees....-]168.4 168.3 168.3 167.7{273.8 173.8 173.4 169.7|183.3 182.€ 167.3 124.2]192.9 199.3 174.5 133.5}200.3 199.5 183.3 14D0.8
Sulfur Dioxide...........cocne { .3 .35 .35 .35] .34° .34 .35 I T B T S L 2 .18] .33 .33 .30 .19) .32 .32 .29 .22
Nitrogen Oxide..... PN B Y AT ¥ B Y .47 .43 .43 .43 .42 .38 .37 .33 .25]| .38 .38 .33 .26| .39 .39 .35 .27
Mid-Atlantic Area Council | | |
Total Carbon........ 34.16 34.37 34.0€]35.70 35.62 35.24¢ 34.30{39.69 39.72 38.37 35.13]41.62 41.76 39.66 35.4€(45.23 44.36 42.49 37.84
Carbon Dioxide....... 126.0 126.0 124.8[130.9 130.6 129.2 125.8]145.5 145.€ 140.7 129.0]152.6 153.1 145.4 130.0]165.8 162.7 155.8 138.7
sulfur Dioxide.. .63 .63 .72| .54 .62 .63 .11| .so .60 .57 .64} .50 .56 .49 .s71 .52 .56 .49 .57
Nitrogen Oxide... ... .cceeunre 29 .29 .29] .28 .2&a .38 271 .30 .30 .28 .26] .3 .3 .28 .25) .33 .33 .ac .27
Mid-America Interconnecced Rets | o | | . | )
Total CarbON. .. .ccucnveenronee 140.87 41.08 40.99 40.77|44.56 42.61 41.35 38.37|47.70 £5.45 41.88 35.31]50.20 48.18 €2.72 36.21[52.30 S0.53 44.22 37.36
Carbon Dioxide...... viviee.-).149.8 150.6 150.3 149.5]163.4 156.2 161.6 140.7{174.9 166.6 153.6 129.5|184.1 176.7 156.6 132.8]191.8 185.3 162.1 137.0
Sulfur Dioxide.........ccaenen 1 .s8 1.00 101 .98 .7 .92 . .14 .15 .85 .65 .64 .7 .61 .s2 .18 .82 .s7 .58 .86 .99
Nitrogen Oxide.........-... ... .s2 .s3 .s3 .s2| .s2 .50 = .48 .45] . .54 .52 .45 .36} .se¢ .54 .46 .36] .ss .57 .48 .37
Mid-Continent Avea Power foo} | . | \ | . | -
wotal CArDON. .. ... +cu-nee-vs-|32.68 32.65 32.63 32.19]37.10 37.19 37.45 35.14]36.85 38.54 3€.79 22.04]41.10 40.98 38.39 34.25|42.12 42.06 39.06 34.28
Carbon Dioxide. emeiiianeeei-lr19.8 129.8 119.6 118.0}136.0 135.4 137.3 128.8{142.5 141.3 134.9 117.5[150.7 150.2 140.8 125.6}154.5 154.2 142.2 125.7
sulfur Dioxide........... oo V.92 42 .43 .41 .44 45 .46 .41] .43 .43 .41 .37 .42 .42 .39 .37] .40 .40 .38 .35
Natrogen OxAAE. o anernenannnae-| 39 397 .39 .39 .43 .44 .44 .41 .45 .44 .41 .34| .45 .45 41 .36| .46 .46 .41 .38
Northeast Power Council/Mex York| . i | . |
Total Carbon......cc.-- Ceaeean |23.60 13.56 13.54 13.46(13.11 13.09 13.19 12.55[14.04 13.97 13.07 ¥1,86{15.26 15.33 14.18 12.84]16.16 16.33 15.%4 11.99
Carbon Dioxide....o..cooevnne |49.51 49.73 49.6¢ 29.36]48.06 48.00 48.36 46.01|51.48 51.21 47.91 43.48|55.97 56.22 51.98 47.09|59.26 §9.87 58.44 43.95
fSulfar Dioxide.......-. veevei ]l .24 Tl24 24 24 .20 .20 .21 .20] .19 .19 .14 .1¢f .27 .16 a3 14| .16 .16 .18 .12
Nitrogen Oxide.............. . -1 1r o .ol .e9 .09 .09 .08] .¢9 .09 .07 .06| .02 .09 .07 .07} .09 .10 .09 .06
Northeast Power Council/New angl{ | ] 1
Total CaTbON. covresocncnnrns .{11.59 11.59 11.59 11.50|14.59 14.56 14.58 14.19{14.97 15.00 14.61 11.76|14.95 14.95 13.88 11.53]15.50 15.45 14.25 12.34
Carban Dioxlde................|42 50 42.S1 42.49 42.16]53.48 53.47 53.46 52.03[$4.90 54.99 53.57 43.12|54.82 54.81 S0.91 42.28]56.85 56.64 52.25 45.2§
Sulfur Dioxide...........conon | .1¢ .18 .19 .18] .20 .20 .20 .19 .27 18 .27 .i0] 16 .16 .15 09| .14 .19 .18 .10
Nityogen Oxide. ... .cov oo { .10 .10 .10 .10} .11 11 .11 caf .11 .1) 213 .07} .11 .1t .10 .07| .13 .11 .09 .08
newbase .d012198a - 0 Tax, Reference Demand Technology (1), fee00S. d012258a (2), fee050.d4012298a (3}, fe2l00.d0312298a (4)
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Table 62. FEmissions by M8RC Region (million short tons) (Continued)
except Carkon and Carbon Dioxide (million @etric tons)
| | 1. l -
|2000 2006 2000 20600 [2005 2005 2005 2005 |2010 201 2010 2020 j2015 2015 2015 2015 j2020 2020 2020 2020
1) 42) (3) ) @) 23 3 (e} jay (2) (3) ) (@) (23 3) @ 1) () (3) 4}
‘outheastern Electric/¥lorida | | ’ . i ]
Total Carbon.......ocrenvu.-n- |26.48 26.33 26.25 26.12|20.55 29.57 28.09 27.22[32.60 32.13 29.05 25.19(37.72 36.0€ 31.43 27.04|43.57 41.44 33.27 28.85
Carbon Dioxide........... e....|97.09 96.55 96.24 95.76|212.0 109.9 103.0 99.8]120.2 117.8 106.5 92.37(138.3 132.2 115.2 $9.1[159.7 251.9 122.0 105.8
Sulfur Dioxide......... eeeese| .40 .39 .36 .3sf .35 .37 .34 .34] .33 .37 . 27| .38 .38 .32 26| .43 .42 .3 .27
Nitrogen Oxide.........covoo.-. | .29 .25 .29 .28} .32 .3y .29 .28} .33 .32 .28 .24] .37 .35 .23 28] .43 .40 .30 .26
ioutheastern Blectric/Excl Pla | | ) | . . |
Total CarbOB.....cvevmnecorsen {104.0 105.6 105.1 104.1{112.5 114.8 115.9 111.3]120.6 122.1 314.4 103.5|130.5 130.6 120.4 108.1]135.8 138.0 126.0 112.2
Carbon Dioxide.......... ev...|3981.3 387.0 385.3 281.8[412.4 421.0 425.0 £08.1[442.3 €47.8 419.6 379.3]480.0 478.7 441.4 396.3]497.8 506.0 461.9 411.2
sulfur Dioxide..... Ciieenva.o]| 2.64 2.2a 2.24 2.22| 2.51 2.1 2.21 2.26| 2.39 2.12 2.38 2.52} 2.€6 2.30 2.34 2.74| 2.74 2.36 2.45 2.47
Nitrogen Oxide.......c.c...-- .] 1.06 1.01 1.07 1.07] 1.12 1.13 1.1 1.11] 1.17 1.17 1.11 21.04| L.24 1.21 1.10 1.0¢] 1.22 1.24 1.11 1.05
southwest Power Pool | . | ) |
Total CarkoOn....covvnencensnns |59.92 $9.75 59.73 $9.35{65.03 64.95 62.€8 61.37{66.41 67.94 62.74 54.31|70.22 §9.59 62.25 56.89(72.96 71.73 6€.19 S6.29
Carbon Dioxide............ ....1219.7 219.1 219.0 237.6]238:4 238.1 229.8 225.0]250.8 249.1 230.0 199.2]257.5 255.2 228.2 208.6[267.5 263.0 242.6 206.4
Ssulfur Dioxide........ PR ] .68 .68 .68 .68| .64 .64 .65 .6s| .62 .61 .58 .46 .59 .55 .51 .50] .56 .56 .54 .48
Nitrogen Oxide....... vieieueou] .69. .69 .68 .68 .70 .70 .&7 .66] .71 .70 .62 .sa|] .69 .68 .57 .s4| .70 .68 .61 .52
destern Systems Council/IWP | | : | |
Total CaTEON. .. cuvneenrnronans [24.84 24.73 24.76 24.71|28.20 28.10 27.87 26.92]29.74 29.85 28.91 25.77{31.31 31.11 30.42 26.77|32.57 32.40 31.05 26.23
Carbon Dioxide...........-v-un [91.07 90.69 90.79 30.61{103.4 103.0 102.2 106.0|109.1 109.5 106.0 94.50{114.8 114.1 111.5 998.17|119.4 118.8 113.8 96.19
Sulfur Dioxide........... PR I € 4 .16 .16 .16] 1S .16 .S .15] .24 .14 .14 51 S G S & | .12 10| .12 .12 .12 .08
Mitregen Oxide.........c.ooann | .24 .24 .24 .24] .24 .24 .24 .28 .28 .25 .24 21| .26 .26 .29 .22 .26 .26 .25 .21
Western Systems Council/RA i . |
Total Carbofl...... soceeecncns .|27.99 28.1€ 27.98 27.9130.32 30.22 29.4S 28.60|31.98 31.81 30.00 25.89|33.120 32.57 30.42 26.08}34.21 33.77 30.35 24.95
Carbon Dioxide........ weeev...]202.6 103.2 1€2.6 102.3]112.2 110.8 108.0 104.9]117.3 116.6 110.0 94.91]121.4 119.4 121.5 95.63]125.4 123.8 111.3 91.48
sulfur Dioxdde. ............... | .22 .22 .22 .22] .20 .20 .20 .20 .18 .18 .18 17| .16 .16 .16 .18 .16 .16 .15 .14
Nitrogen Oxide.......oveenn. - | .30 .30 .30 .30 .31 .31 .30 .29|] .31 .31 .29 .28 .32 .3 .29 .24] .32 .32 .28 .22
Western Systems Council/ONV | | |
Total CArbOD. ... vranr sanre |22.87 22.90 22.97 22.47|22.53 22.52 22.59 18.72|27.12 27.63 23.88 21.07]35.82 15.09 27.65 23.03|38.87 37.58 31.95 24.23
Caxbon Dloxide......ccoveenn-n- {83.85 83.97 84.24 62.40[82.52 82.56 62.82 68.64] 99.4 101.3 87.54 77.24{131.4 128.7 101.4 84.494|142.5 137.8 117.1 88.82
sulfur Dioxice................| .08 .08 .08 .o8| .o8 .08 .08 .08} .08 .08 .08 .07| .08 .08 .08 .07] .08 .08 .08 .07
Nityogen Oxide.........-.....- | .19 19 .19 .18} .18 .18 .18 .1s] .23 .24 .20 18| .32 .3 .23 .20} .3s .34 .28 .21
| | 1 I | :

newbase.d012198a - 0 Tax, Reference
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Table 117. Mational Impacts of the Clean Air Act Anendments of 1990 {CAAA90)
|2000 2000 2000 2000 |éoos 2005 2005 2005 [2010 2010 2010 2010 2015 2015 2015 2015 J2020 202C 2020 2020
) (2r () @ Q) @ () @ {xy (2 @) & 1) (2 (M (@) 1@ () G} 3)
a | | 1 {
Scrubber Retrofits {gigawatts)..} .00 .06 .ee .col .co .00 .00 .00 .00 .00 .00 .00] .00 .00 .00 .00f .00 .CO .00 .00
’ ! | l ! {
Interregional §02 Allowances } | | B - { |
Traded {thousand tons)..... v.--} .00 .00 .00 .00 .00 .00 .00 .00] .00 .00 .00 .00] .00 .00 .00 .00} ..o00 .00 .00 .00
i | - : { - T
$02 Rllowance Price ...... ve.-..[133.7 82.2¢ 79.59 79.91]|181.4 163.7 133.0 129.5}224.4 184.3 114.5 31.53]161.9 149.2 106.5 18.52]166.9 113.4 101.4 35.86
] | 1 |
£02 Baissions (million tons)....[10.19 10.19 10.19-10.19] 9.69 9.65 .63 9.69| 9.00 9.00 9.00 9.00] 2.00 9.00 9.00 9.00} 9.00 9.00 9.00 9.00
| | | 1 |
Coal Prcduction by Sulfur Categ. | | | i} {
(million tcns) | - . l -
Low Sulfur t< .61 1bs afmmBtu}..|474.6 459.1 458.3 ¢S5.8(S38.1 512.5 S01.) 462.8|608.4 572.3 476.8 352.2[667.5 §25.4 S00.0 374.9]|697.6 668.9 552.7 385.5
Med.Sulfur(.61-1.67 1bs.§/mBru) [453.2 934.5 494.4 290.0|482.7 499.2 486.0 471.3|467.1 472.1 450.5 375.5]459.8 ¢56.4 422.4 331.2[454.4 451.2 421.9 336.0
High Sulfur (> 1.67 lbs.S/mmBtu)|178.4 194.0 194.2 152.8]185.9 197.1 185.1 184.7{188.1 201.3 174.3 1€3.2]196.6 207.8 183.6 180.6]214.5 222.7 166.5 184.2
| | : o 1 I '
Gasoline Prices 1 | | | l .
Traditional Gasoline........... | .00 .00 .00 .00| .00 .00 .60 .00|] .00 .00 .00 .00y .00 .00 .00 .00 .00 .00 .00. .00
Oxygenated Gasoline............| .00 .00 .00 - .o0] ,00 .00 .00 .o00] .00 .00 .00 .o0f .00 .00 .00 .00} .00 .00 .00 .00
Reformulated Gasoline.......... | .00 .00 .00 .00] .00 .00 .00 .00] .00 .00 .00 .00} .00 .00 .00 .00|] ~.0¢ .00 .00 .00
Aigh-Oxygen Reformulated Gas...| .00 .00 .00 .00] .00 .00. .00 .00] .00 .po~ .00 .o00f .09 .00 .00 .o00|] .co .00 .00 .00
AVEIHGE . e e ae e raacnnnnaanenes | .0 .00 _.oo .oo| .02 .00 .00 .00| .00 .00 .00 .00} .09 .00 .00 .00 .00 .00 .00 - .00
' | 1 | ! |
Gasoline {uantities | | . ] |
Traditioral Casoline........... | .o0 .00 .00 .00] .00 .00 .00 .po| .00 .00 .00 .o00{ .00 .00 .00 .00} .co .00 .00 .00
Oxygenated Gasoline............ | .06 .00 .00 .00l .00 .00 .c0 .00} .00 .00 .00 .00] .00 .60 .00 .00| .00 .00 .00 .00
Reformulated Gasoline.......... | .oo .00 .00 .00] .00 .00 .00 .00| .00 .00 .00 .00f .00 .00 .00 .00| .00 .00 .00 .00
Figh-Oxygen Reformulated Gas...| .00 .00 .00 .00] .00 .00 .00 .00} .00 .00 .00 .00] .09 .00 .00 .00| .00 .00 .00 .00
TOLAL. o vt i v vemernacesonceons ..|] .00 .00 .00 .00 .00 .00 .00 .00] .00 .00 .00 .00j .00 .00 .00 .00| .00 .00 .00 .00
| ! I ] |
pistillate Prices | | | { |
Distillate <= 0.05% Sulfur.....| .00 .00 .00 .00 .00 .00 .00 .00} .00 .00 .00 .00f .00 .00 .00 .00| .00 .00 .00 .00
pistillate > 0.0$% Sulfur......| .00 .00 .00 .o0of .00 .00 .00 .op] .00 .00 .00. .oof .00 .00 .00 .00f .00 .00 .00 .00
Average.......-. i iiiiereieaees) .00 00 .00 .00 .00 .00 .00 .00f .00 .00 .00 .o00{ .c0 .00 .00 00| .00 .00 .00 .00
| - | | 1 |
pistillate Quantities | - | . I | - E! |
pistillate <» 0.05% Sulfur..... | .00 .00 .00 .00} ..00 .00 .00 .00] .00 .00 .00 .00f .00 .00 .00 .00| .00 .00 .00 .00
Distillate > 0.05% Sulfur......| .60 .00 .00 .oo|l .00 .00 .0C .00f .00 .00 .00 .00} .00 .00 .00 .00] .00 .00 .00 .00
Total. . - cevneaoan- e sera e } .00 .00 .00 .00} .o00 .00 .00 .00] .00 .00 .00 .00} .00 .00 .00 .00 .c0 .00 .00 .00
1 i | | 1

newoase.d012198a
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Table 1.

Total Bnergy Supply and Disposition Sumnary

{Cuadrillion Btu per Year, Unless Otherwise Noted)

sugply, Disposition, and Prices|2000 2000 2000 2000 {2005 2005 2005 20065 2010 2010 2010 2010 {2015 201s 2015 2015 |2020 2020 2020 2020
| (1) (2) (31 4) Y3y {2) (2) () @) (22 (3} (a) 2) (3) {4) |u) (2) - (3) (¢)
- | 1l | l
rroduction | | | i
Crude Oil & Lease Condsnsate.|13.06 13.07 13.07 13.06]12.33 22.26 12.26 12.26]|11.80 11.51 11.47 11.42{11.07 10.49 10.37 10.2910.33 9.60 9.45 9.39
Natural Cas Plant Liguids....| 2.39 2.3s 2.36 2.36] 2.63 2.55 2.55 2.52f 2.93 3.16 3.13 3.13] 3.28 3.25 3.30 3.35] 2.30 3.37 1.47 3.46
Doy Natural Gas....... cieeies |20.85 20.57 20.65 20.64|22.83 22.21 22.15 21.95]25.30 27.18 26.94 26.80]26.72 27.75 28.15 26.52|28.12 28.73 29.62 29.4¢
Coal. iiiiaeeniannas e |24.33 24.11 23.98 24.02)25.52 24.15 24.00 23.93}26.50 15.13 12.83 11.11]27.64 13.78 9.30 7.62|28,37 13.26 8.64 6.36
Nuclear POWET. c.ovvecen-vn ...l 71.36 17.36 7.3€ 7.36] 6.87 €.87 6.87 €.87] 6.36 6.36 6.36 6.36| £.12 5.12 5.12 5.12] 4.09 4.09 4.09 4.09
Reresable ENeTgy .-.....--:-- | 6.82 6.86 6.94 6€.97] 7.11 7.56 7.80 8.29| 7.41 9.38 10.490 r1.27[ 7.86 11.17 13.50 14.47( 6.19 12.75 14.76 16.46
OLHEr wuveveconnonasomnsannns | .s6 .56 .58 .56| .55 .54 .54 .s4| .48 .54 .43 .60] .64 1.20 1.15 1.13] .89 1.32 1.22 1.14
TOLAL. cueccevennanasennnn [75.36 7¢.89 74.92 74.98|77.84 76.14 76.16 76.35}80.79 72.25 71.56 70.69)82.32 172.77 70.88 70.50{83.29 73.1£ 71.24 70.33
Imports | | | : | -
Crude 04 ........... e |19.18 19.10 19.98 19.08(21.98 21.54 21.76 21.60(23.18 22.38 21.84 21.20]24.35 23.68 22.80 21.95]25.40 24.79 24.07 22.90
Petrolaum ProducCe ... ...-.-- | 4.39 4.40 4.40 4.41) 5.55 S5.16 5.27 5.43| 7.56 5.37 5.33 5.15| 8.81 S5.10 5.15 5.24| 9.50 5.41 5.26 S.73
patural Gas ...... P, ..} 4.2 4.22 4.23 4.24] 4.44 2,41 4.42 «.42] 4.70 s.10 5.18 5.27] 5.06 5.61 S.72 5.64} 5.16 5.85 5.98 6.11
Cther ImDOXES ..vvevomnenne -] .62 63 .63 .63| .s8 .60 .80 .60] .7 .85 1.08 1.28| .S4 .87 -1.06 L.26] .s6 .88 1.07 1.27
[ 237 D [28.40 28.35 28.33 28.35]32.55 32.12 32.05 32.06[36.01 33.70 33.43 32.90|38.77 35.2% 34.72 34.09]40.82 36.93 36.39 36.01
| | - | J |
gxports | |
PELYOLEUM oovvvocrnonsnncnsos | 1.73 1.73 1.72 1.71] 1.73 1.722 1.72 1.72| 1.78 1.68 1.6 1.37| 1.66 1.68 1.55 1.49] 1.6¢ 1.54 1.42 1.2
tatural Gas......-- e | .28 .28 .28 .28] .28 28 .2e .28] .29 .29 .23 .28] .30 .32 .30 .3o| .32 .32 .22 .32
OCAYL. v avnrnomeran e ...-l2.42 2.4 242 2.41} 2.64 2.6¢ 2.64 2.64| 2.84 2.84 2.84 2.84|-3.03 3.03 3.03 3.03} 3.23 3.23 3.23 3.23
TOEAL. e vvcrennnasoar innns ] 4-41 4.41 4.40 4.40] 4.65 4.64 £.54 4.64] 4.91 4.81 4.59 4.50] S.19 S5.00 4.87 4.82] 5.20 5.09 4.97 4.86
| | | | |
DiSCLEPSACY 1 vvcecnmoasomsrsens | .49 .42 .46 .46] .05 -.11 -.03 -.0a| .14 -.27 -.36 -.28| -.05 -.04 01 .08| -.07 -.15 -.13 -.12
)| | | 1 |
Conaumpt ion | | | |
petroleum Products -......--- |36.37 38.25 38.25 38.26]41.33 40.67 40.62 40.61]44.37 41L.10 40.48 £0.05|46.21 42.07 €1.34 £0.72]47.69 42.87 41.99 41.37
NHatural GaS......oceocacsone- f24.76 24.49 24.58 24.58]26.93 26.29 26.2¢ 26.04[29.57 31.83 31.65 31.55|31.32 32.88 33.38 33.66(33.00 34.06 35.08 35.01
Coal.seoecnnns R {22.13 21.53 21.78 21.80[23.3L 21.75 21.63 21.55[23.91 12.54 10.26 8.49[24.87 11.03 €.51 4.76]25.40 10.30 S5.70 3.32
Nuclear 2ower..... veieerien..] 7.36 T.36 7.36 7.36[ 6.87 6.87 6.87 6.87| 6.36 6.36 6.35 6.36] 5.12 5.12 5.32 s.12| 4.09 4.09 4.09 4.09
Renevable BAELGY . -coseoce--- | €.02 6.86 6.94 6.97] 7.12 7.56 7.81 8.29| 7.43 5.40 10.42 11.28| 7.88 11.20 13.52 14.49] 8.22 12.82 14.79 16.49
Other ...veveaecsanecessonas d a .41 .4 .41 .37 .37 .37 .37 .40 .65 .88 1.08) .41 .69 .87 1.07| .43 .71 .89 1.09
Total..... e | 99.8 99.3 99.3 99.4[105.8 103.5 103.5 103.7{112.0 101.9 100.0 98.81[115.8 103.0 100.7 99.8[118.8 104.9 102.5 101.4
| . { |
Het lmports -~ Petroleum. ......--|21.84 21.78 21.76 21.27}25.80 25.38 25.31 2§.31]26,97 26.07 25.71 24.98]31.30 27.10 26.40 25.70{33.26 28.66 27.92 27.32
: i I S I ] ’
prices (1996 dollars per unit) | | |
vorld 0il Price (§ cer hbl) ...[19.12 19.08 19.08 19.06|20.25 19.75 19.75 19.76]|20.80 18.73 18.49 18.18{21.17 18.30 17.95 17.81]21.82 19.56 19.24 13.17
Gas Wellbead Price(§ / Nef)...| 2.13 2.11 2,12 2.12[ 2.15 2.05 2.05 2.03] 2.26 2.9 2.65 2.68] 2.32 2.91 2.98 2.94| 2.45 2.8¢ 2.36 13.00
Coal WMinemouth Fxice (§ / ton).}17.36 17.39 17.34 17.38[16.00 16.18 16.14 16.17|14.67 1§.79 17.86 18.41{13.88 15.65 17.75 18.54|12.2€ 15.52 17.03 18.33
Aver. Bleetricity {cents / Keh)| 6.5 6.5 6.5 6.5 6.2 6.2 6.2 6.2] 6.0 8.7 9.4 10.1] 5.6 8.5 9.1 9.5 5.5 8.3 9.0 9.4
| i i | ' |
menbage.30121%8a - O Tax, Keference Demand Technology (1), £2e150.4012298a (21, fee200.d0122982 {3), -fee250.d012298a (4)
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NATIONAL BWBRGY MODELING SYSTEMN

Table 17.

Corbon BEmissions by Sector and Source
(Million Metxic Tons per Yeay, Unless Otherwise Roted)

sector and Source j2000 2000 2000 2000 |zo0s 2005 2005 2005 {2010 2010 2010 2010 [2015 2015 2015 2015 |2020 2020 2020 2020
() (2 @)  ¢a) Juy (2) (33 i [() (2 () (e} @) (2) t3) (4} | (1} (2) 3) (4)
. | | | | |
Residential | - ) | | ] 1
25.7 25.7 25.7| 25.0 24.8 34.8 24.8] 24.8 22.4 21.8 21.2}) 24.6 22.2 21.5 20.3] 2¢.3 21.7 21.1 20.4
6.8 7€.8 76.8] 76.7 78.4 78.2 78.5| 81.3 71.9 69.8 67.9| 84.0 72.6 70.S 8.7} 86.1 T5.5 2.0 69.°
1.4 1.4 . 1.4} 1.4 1.4 1.4 1.4] 1.4 1.3 1.3 1.3 1.3 1.3 1.2 £.2f 1.3 1.2 1.2 1.2
198.7 197.8 197.9|215.6 201.4 200.1 198.5[229.8 145.1 127.3 114.5|247.9 140.8 105.9 93.6[265.8 142.9 108.1 '90.1
302.6 301.7 301.8]320.7 305.9 304.5 303.2}337.3 240.7 220.2 2064.9(357.9 236.9 19%.1 184.4|377.5 240.3 202.4 181.7
| | | . { o
] |
12.9 12.8 12.8| 12.9 12.8 12.8 12.8] 12.8 12.4 12.3 12.1] 12.7 12.3 12.2 12.0] 12.§ 13.0 11.9 11.8
43.7 49.7 49.8| 2.1 S1.2 51.2 S1.3] 54.1 49.8 49.1 4€3.3| 55.5 S0.1L 49.3 48.6| 55.6 43.8 48.9 48.1
2.2 2.2 2.2 223 2.3 2.3 2.3 2.4 2.4 2.4 2.4 2.5 2.5 2.5 2.8| 2.8 2.5 2.6 2.5
1680.5 179.6 179.8[192.8 1384.0 182.8 181.3]204.1 132.8 115.3 103.3]216.9 125.2 93.8 62.6]223.9121.7 91.8 76.3
245.1 204.3 244.4]260.1 250.3 249.1 247.7[273.5 196.4 279.1 166.2]287.7 150.1 157.7 145.7]|294.4 186.0 155.1 138.7
| | | N
Industrial .. | . ) {
petroleum. ... ... ... e ..]103.3 102.6 102.6 102.6]109.6 107.2 107.3 107.2]115.4 107.3 104.6 104.4|118.6 108.1 107.2 3108.4]119.3 108.1 106.2 107.5
Ratural Gas .....---.. ereaen |155.5 154.3 154.4 154.4|158.6 153.4 153.7 153.7{166.0 151.4 148.3 145.4(167.2 148.0 146.0 142.5]167.9 148.8 148.0 141.1
P A | 60.6 S59.4 59.4 €9.4| 62.3 57.9 57.9 -57.8| 62.7 48.5 47.5 46.8] 61.6 45.3 45.5 44.8| 60.6 43.9 43.2 42.6
BlectriCily...oreencasceanenn |187.5 184.9 183.9 184.3]203.0 192.0 190.6 188.6|217.0 154.4 134.7 120.3]228.5 146.2 109.8 57.2]|237.4 142.3 L08.0 39.9
Total..--eeev- J N ...]506.6 501.2 S00.3 500.7|533.5 511.0 509.4 507.3{561.2 461.5 435.1 417.0|575.9 448.7 408.5 392.9|585.3 443.1 405.4 381.%
! ' i : | I | :
Transportation | : | |
PetYOLEUM. . oo evvansonnreascnn |s02.7 $02.2 502.2 502.2]652.7 549.6 549.3 549.2{600.6 561.1 552.9 541.0{628.1 562.3 550.6 540.9|649.0 877.9 565.6 554.90
Ratural GaS . ..ocvacecr--veae | 12.1 212.0 12.0 12.0] 4.5 4.4 14.4 14.2] 17.2 17.4 17.2 17.0] 28.3 18.6 186.5 13.6| 19.7 19.7 20.2 20.2
OtheT .-ccvvovenn-- eeeanee | .1 .1 .4 .1 .5 .5 .S .5} 1.4 1.3 1.3 1.2] 2.2 2.0 1.9 1.8] 2.7 2. 2.4 2.2
Blectricity........ beeeneees| 3.3 3.2 3.2 3.2] 5.9 5.8 5.7 s.7] 8.7 6.0 5.2 4.7] 0.7 6.7 5.0 q.4] 12.2 7.2 S.4 4.5
TOUAL. o v vaeanne cneon nnns |s18.2 517.5 S17.S 517.6|573.6 570.3 570.0 569.6]627.9 585.8 576.7 563.9|659.4 589.7 §76.1 565.8}683.6 507.3 593.6 S81.8
| | | -
Total Carbon Emissions .. \ | |
petroleum. . ....-.-- eeeieen ..{644.7 643.2 623.2 643.3|700.1 6%4.9 694.1 694.0]753.6 703.1°691.6 678.7|78¢.0 704.9 691.5 682.3|805.1 719.7 704.7 694.5
Ratural Gag....ceoevoencennccns l294.5 292.8 292.9 292.8]303.9 237.4 297.6 297.6|318.6 290.5 284.4 279.6]325.0 289.3 284.1 276.4|329.3 292.8 289.1 279.4
Coal...coovunee e veieeiaaee. | 64.2 63.0 63.0 63.0| 66.0 61.6 61.6 61.5| 66.5 S2.2 51.3 S$0.5| 65.5 50.1 49.2 48.5| 64.5 47.7 46.9 36.4
OUHEE . v evcncne noconnronnn | .1 -1 1 a1 .S .5 .5 s} 1.4 13 1.3 1.2 2.2 2.0 1.9 1.8 2.7 2.5 2.4 2.3
Blectricity........-c.en- ....[574.1 567.3 564.5 565.2|617.3 583.1 579.3 574.2)659.7 437.3 382.5 342.8|704.0 413.0 314.5 277.7]739.2 414.1 313.3 260.9
Total......... e | 1578 1566 1564 156¢| 1688 1638 1633 1628] 1800 1@8¢ 1211 1352} 1681 1465 1341 1289] 1941 1477 1156 1283
) | | | | ' |
Blectric Cenerators . | | | | {
PELIOLEUM. c v s oo aremnncrovanne | 12.2 10.7 10.6 10.7| 9.2 8.8 8.9 8.7} 8.2 4.8 4.7 5.4] 7.6 6.7 6.0 3.4 7.¢ 4.9 3.6 3.0
tlatural GaS...-.c.cvecccooronn .| 60.0 s57.8 59.0 58.9} 61.8 79.3 78.4 75.5]|104.9 165.9 169.5 173.9|122.7 1682.3 194.4 204.5(143.6 195.9 214.1 222.8
Bl.veconenon s BN ...|502.9 49e.8 495.0 €95.5]526.3 494.9 492.0 490.0[546.7 266.5 208.3 163.5|572.7 230.0 114.1 69.8(567.9 213.4 95.6 .35.1
Total........ hreeaese....|874.1 567.3 S64.5 565.2|617.3 563.1 §79.3 674.2]659.7 437.3 382.5 342.8]704.0 419.0 314.5 277.7|739.2 414.1 313.3 260.9
i | | 1 |
Total Caxbon Emissions | |- | |
Petroleum....... J N .|655-9 €53.9 €53.8 654.0|709.3 203.7 702.9 T02.7|761.8 707.9 696.3 684.1{792.7 711.6 637.4 685.7|612.9 72¢.6 708.4 €97.5
Matural Gas.....-. Ceeam e |354.5 350.5 351.8 351.8(385.7 376.8 376.0 373.1]|423.5 456.4 454.0 452.5]448.7 471.6 478.7 482.9|472.8 488.6 S03.3 502.2
Coal.......t.. e .|567.1 561.8 358.0 558.6|532.3 556.5 653.6 $51.5|613.2 318.7 269.5 214.1|638.2 280.1 163.4 116.3]652.4 261.1 142.5 81.4
OTREE vvvninennnrrmnaneases] .1 | .1 .1 ~5 .5 .5 . 1.4 1.3 1.3 1.2|. 22 20 1.9 1.8] 2.7 2.5 2.4 2.3
TOTal. ... icvencarannans ....| 1578 1566 1564 1564{ 1688 1638 1631 1628| 1800 1484 1411 1352| 1881 14€S 1341 1289} 1941 1477 1356 1283
. . l l | _ | . : !
Carbon Fuissions | i | < | { < B
(tons per person) . ........---- } 5.2 s.7 5.7 s.72] s.9 5.7 5.1 5.7 €.0 S.0 4.7 4.5 8.0 4.7 4.3 4.1] 6.0 4.6 4.2 4.0
. 1 ] i i | i
newbase.d012196a - 0 Tax, peference Demand Tecluwology (1}, ferl50.d012298a (2), fe2200.4012258a (3}, fee250.4012298a {4)
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Table 62.

Emissions by NBRC Region
except Carbon and Carbon pioxide (million metric tons)

(million short tons}

|2000 2000 2000 2000 {2005 2005 2005 2005 |2010 2010 2010 2010 |2015 2015 2035 2015 |2020 2020 2@20 2020
j (1) (2) \3) fe) _[(1) (2} (2} {¢) ¢ 2) {3 () ) 2) (3) (@) {a) (2) 3) )
| | |
MissioNS. . . .einnennann S | | | | |
nited States | | | |
TOTa)l CArBOM. «vvveueneenennnss|574.1 567.) S64.5 565.2|617.3 583.1 579.3 574.2|659.7 437.3 382.5 342.8[704.0 419.0 314.5 277.7|739.2 414.1 313.3 260.9
Carbon Dioxide........cccecu-- | 2105 2080 2070 2072 2263 2138 2124 2105| 2419 1603 1402 1257 2581 1536 1153 1018| 27112 1518 1149 956.4
Sulfur Dloxide................ {10.19 10.19 10.42 10.33] 9.63 9.69 9.69 9.59] 9.00 9.00 9.00 9.00| 9.00 9.00 9.00 9.00) 9.00 9.00 9.00 9.00
Mitrogen Oxide.............---| 6.16 6.08 6.04 6.0¢] 6.29 5.98 S.90 5.85| €.40 3.84 3.25 2.78| 6.75 3.29 2.04 1.57| 6.94 3.15 1.86 1.16
.ast Central Area Reliability | S | . | ]
Total Carton.......... veven...|229.0 126.2 125.7 126.1{135.7 128.8 126.4 126.1[143.6 99.5 93.60 86.31{149.2 80.15 71.04 64.17]155.3 74.49 58.55 S52.28
Carbon Dioxide.......... vee...]472.9 462.7 461.0 462.4|497.6 £72.4 470.9 469.7|527.2 364.7 343.2 316.4|547.0 293.9 260.5 235.3|569.6 273.1 214.7 191.7
Sulfur Dioxide.............. ..} 3.39 3.68 3.57 3.51] 3.32 3.43 3.33 3.33] 2.98 4.07 4.43 4.76] 2.8¢ 3.10 4.73 $.89| 2.80 2.31 1.99 3.18
Nitvogen Oxide................] 1.50 1.47 1.46 .47 1.55 1.46 1.46 1.46]| 1.61 1.00 .96 .89] 1.64 .63 .59 .53| 1.68 .48 .2 .23
llectsic Reliability Council Tx | | :
Toral Carbon.....eeeeeveeses.-|45.92 45.73 45.72 45.74]47.40 46.25 46.17 46.07[50.00 29.33 26.67 25.58|52.61 27.66 22.18 20.70|54.64 27.34 21.85 19.40
Carbon Dioxide.....coeeceanns .|168.¢ 167.7 167.6 167.7{173.8 169.6 169.3 166.9]183.3 107.6 97.80 93.77]192.9 101.4 81.32 75.89(200.3 100.2 80.11 71.14
sulfur Dioxide.......c.cceee-e | .3s .35 .38 .38] .34 .35 .34 .3s) .34 .09 .06 .o8| .33 .14 .13 19| .32 .14 .19 .53
Mitrogen Oxide............ P Y Y 47 .41 .4a7) .43 .43 .43 .42} .38 .23 .22 .21| .38 .15 .16 .10] .39 .15 .10 .07
tid-Arlantic Area Council | t ) | | i |
Total Carbon. .....eoeon-n v...|34.48 33.80 33.€2 33.84]35.70 34.34 33.58 33.47}39.69 30.39 27.04 24.06|€1.62 26.36 21.40 19.70{45.23 27.06 21.07 18.24
Carbon Dioxide. .. ....cecae- ..]126.4 123.9 123.3 124.1]130.9 125.9 123.1 122.7]i45.5 111.4 99.2 88.20[152.6 1C4.0 78.48 72.23|165.8 99.2 77.24 66.86
Sulfur Dioxide.........-vec.n- | -ss .61 1.10 1.11} .54 .63 1.04 1.05] .50 .51 .84 .71} .50 .39 .53 .41| .s2 .3s .64 .63
Ritrog=n Oxide............ R 3] .29 .23 .29] .28 .27 .26 .26] .30 .19 .16 13| .31 .16 .20 .08] .33 .15 .09 .07
1id-ameriza Interconnected MNetw | | - |
Total Carbon...... .-u--.-.ns |40.87 40.78 40.53 €0.27]|44.56 37.66 37.83 37.94|47.70 30.30 24.88 22.86|50.20 32.12 24.39 22.00{52.30 31.30 24¢.46 20.00
Carbon Dioxide..... ereeiaeaas |1a9.8 149.5 146.5 1€7.7|163.4 138.1 138.7 139.2]174.9 111.1 91.20 83.83|184.1 117.8 89.41 80.65]191.8 114.8 39.67 73.34
Sulfur Dioxide..... .. ..c..on-n | .83~ .93 .gg .s1} .70 .75 .73 .73] .ss .68 .37 .3| .s1 .90 .50 .38|] .57 1.14 1.00 .62
Nitrogen Oxide...... [P .l .s2 .52 . .s2] .s2 .45 .44 .44] .54 .2S .17 .14| .s6 .29 .13 .10 .s9 .29 .18 .05
tid-Tontinent Rrea Power FPcol | ) |
Total Carbon........vu.- vev...}32.68 31.54 31.76 31.78|37.20 34.83 34.04 33.53]38.85 2¢.95 17.56 15.30{€1.10 21.08 10.00 9.41]42.13 14.62 9.21 8.18
Carbon Dioxide...........-.. ..[119.8 215.6 116.4 116.5]136.0 127.9 12¢.8 122.5|143.5 91.47 64.47 56.09|150.7 77.28 36.67 34.52|154.5 53.62 13.79 23.58
sulfur Dioxide...... A T ¥ .40 .40 40| .44 .41 .38 .38 .43 .32 .23 .23 .42 .28 .02 .03| .40 .17 .01 .02
Witrogen Oxide....... e ] .39 .38 .38 .38| .43 .41 .40 .39] .as .24 .16 .13} .45 .28 .04 .64 .46 .11 .04 .03
lortheast Fower Council/New York| ) | 1 .
Total Carbon....... reeeresas 113.50 13.50 13.41 13.45]13.11 12.56 12.232 12.27]14.04 10.65 10.13 10.57[15.26 10.60 9.65 9.72|16.16 10.70 9.58 9.15
Carbon Dioxide................ {49.51 49.50 49.17 49.32[48.06 46.06 45.19 45.00[51.48 39.79 37.13 38.75]|55.97 18.88 35.40 35.64(59.26 39.23 15.13 33.55
Sulfur DIOXIdG. ....eeneeeaneaa| .24 .24 .26 .26] .20 .20 .20 .20] .19 .15 .24 .32y .27 .14 .15 .20 .16 .16 .21 .36
Mitrogen Oxide.......... feeean | .21 .11 .12 | .09 .08 .08 08| .09 .05 .04 .04f .09 .05 .04 .e4] .09 .05 .04 .03
Jortheast Power Ccuncil/Mew Engl| | . | |
Total Carbon........ce.uen ....{12.59 11.52 11.58 11.60|1¢.59 14.15 1¢.26 14.24(14.97 10.46 9.30 8.84[14.95 10.00 8.52 8.25|15.50 9.59 8.58 8.42
Carbon Dioxide. .. ............. |42.50 42.25 42.44 42.53{53.48 51.90 52.28 52.23]54.90 38.32 24.10 32.77|54.82 36.68 31.23 30.24[56.85 35.15 11.47 30.86
Sulfur Dioxide...... e | .18 .18 .16 .16l .20 .19 .17 17| .17 .08 .05 .0s] .16 .05 .07 .11} .14 .07 .08 .23
Nitrogen Oxide...... feecieoa-n | .10 .0 .10 -.20f .11 .11 .12 .13 .11 .05 .04 .04 .11 .05 .04 .04] .11 .05 .04 .04

newbase .d012138a - O Tax, Reference Denand Technology (1), feelS0.d012298a (2), fee200.d912298a (3), fee250.d012258a (4)
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Table 62.

Buissions by NERC Region

(million short tons) {Continued}

except Carbon and Carbon Dioxide (mfllion metric tons)
| | | |
|2000 2000 2000 2000 ]2005 2005 2005 2005 |2010 2010 2010 2010 {2015 201S 2015 2015 |2020 2020 2020 2020
: ) ) () ) oy (@2 G) W 1) @ 3w jay 2y (3)  (4)_qa) _(2) 3 (4)

ou-heastern Blectric/Plorida | ) ] ) 1 _ | 2

Total Carbon......-..- weve...-]26.48 25.97 25.66 25.75|30.55 26.56 26.6S 2€.52]32.80 21.34 20.35 19.53]37.72 22.49 19.85 18.03{43.57 26.13 22.37 16.36

Carbon Oloxide...... ... ....|97.09 95.23 94.10 94.41|112.0 97.38 9%.73 97.23]120.2 78.25 74.63 71.59|138.3 82.45 71.67 66.11]|159.7 35.80 82.01 67.32

Sulfur Dioxide...... eeieiina]l .40 L35 32 .32 .35 .34 .31 .31] .33 .21 .19 .21] .36 .22 .24 .24] .43 .32 .35 .38

Nitrogen Oxide....-.- [P | .29 .28 .28 .28] .32 .28 .28 .20 .32 .18 17 .16 .37 .17 .13 .11 .43 .22 .16 .10
;outheastern Eleccr:c/l:‘.x"l Fla | | ) | .

Total Carbon. e ]104.0 104.1 102.3 102.3|112.5 111.1 110.1 109.2}120.6 84.25 15.37 67.52|130.9 B86.54 61.76 50.96|135.8 98.78 §8.50 52.89

carbon Dioxide ........... .....|3682.3 381.9 275.2 375.2|412.4 407.2 403.7 400.5{442.3 308.9 276.3 247.6]480.0 324.6 226.4 186.8]497.8 362.2 251.2 193.9

Sulfur Dioxide........---.o-nn | 2.64 2.26 2.12 2.09| 2.51 2.31 2.11 2.11| 2.39 2.29 2.27 2.17] 2.66 3.0L 2.1C 1.10] 2.74 3.68 3.86 1.94

Nitrogen Oxide........---oo-ns | 1.06 1.07 1.04 12.04] r.22 1.1 1.10 1.09| .27 .79 .70 59| 1.2s .82 .44 .26| 1.22 .91 .51 .24
;outhwest Power Pool | : | |

Totzl Carbon......... veelive.-]59.92 59.07 59.21 59.38}65.03 61.01 60.41 59.51]|68.41 41.89 33.36 29.69]70.22 40.53 26.10 24.40[72.9¢ 36.25 27.77 22.65

Carton Dioxdde.....ccoveensnn- |219.7 216.6 217.1 217.7|238.4 223.7 221.5 219.3|250.8 153.6 122.3 108.9|257.5 148.6 95.68 89.44|267.5 140.3 101.8 83.03
. Sulfur Dioxide.........-..en .} .68 .68 .68 .68] .64 .65 .65 .65 .62 .35 .23 .217] .83 .43 .25 .23 .56 .38 .36 .83

NitTogen Oxide.....---eceeenc- | .69 .67 .67 .68| .70 .65 .65 .64) .71 3% .29 26| .69 .34 .15 .131 .70 (32 .17 .11
lestern Systems Council/NWP 1 | ) 1

Total Carbol.....cceovensccvns ]24.84 24.74 24.72 24.82|28.20 27.92 27.67 28.65(|29.74 18.00 15.47 10.95|31.31 20.72 12.23 9.97|32.57 20.00 13.84 9.13

Carbon Dioxide@.......c.oeonnen |91.07 90.70 90.64 91.011203.4 102.4 101.4 105.0|209.1 66.00 56.73 40.16|114.8 75.99 44.83 36.56|119.4 73.32 50.73 33.47

Sulfur Dioxide......cccevvnns | 16 .16 .15 .16] .15 .26 .15 18| .4 .04 .04 .01f .13 .08 .03 02| .12 .07 .05 .01

Ritrogen Oxide. ... .. connnnn | .24 .24 .23 24 .24 .24 .24 .24 .25 .12 .10 .04 .26° .15 .06 .04] .26 .14 .08 .03
festern Systems COcuncil/Rh )

Total CATLOR. .- -- - e 127.99 27.90 27.92 26.09(30.32 28.58 28.22 27.35]31.98 21.09 16.53 14.59|33.10 21.89 16.89 12.91]34.21 21.98 16.86 14.581

Carbon Dioxide...... eeaneeeen |1602.6 102.3 102.4 103.0]111.2 104.8 103.5 100.3{117.3 77.32 60.8S 53.49|121.4 80.25 61.93 47.34|125.4 80.60 61.83 54.30

Sulfur Dioxide.........-. veeed) 2202y 22f .20 .20 .20 .19] .18 48 .13 .11 e .19 .22 .18] .16 .19 .24 .49

Mitrogen Oxide. .. ......conenn | .30 .30 300 .29 o3 .29 .29 .28] .31 .19 .13 .11 .32 .20 .13 08| -32 .20 .13 .10
Western Systéms Council/QW | . | - |

Total Car®on. .......-« veveu...]22.87 22.37 22.37 21.98|22.53 19.29 19.58 16.98|27.12 14.96 12.16 6.93]35.62 14.81 10.81 7.50|38.87 12.89 10.67 7.35

Carbon Dioxide...... e ..]83.85 82.03 82.04 80.58|82.62 70.72 71.75 62.25] 99.4 5%.84 44.53 25.42]131.4 54.32 39.64 27.51142.5 50.93 39.14 26.55

Sulfur Dioxide............c--- | .08 .08 .08 .08] .08 .08 .08 .08| - .04 .01 .01] .08 .08 .02 .02] .o8 .04 .02 .03

Nityogen Oxide.......-.cevene- | .19 .19 .19 .18| .18 .16 .16 .14) .23 .12 .0$ 04| .32 .11 .07 .03| .35 .09 .06 .02

1

newbase.d012198a - O Tax, Reference

Demand Technology (1), fee

150.4012298a2 (2), 00.d012298a (3),

l
fee250.d012298a (4)
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Table 117. WNatiocnal Impacts of the Clean Aixr Act Amendments of 1990 (CAAR9U)
| o | |
|2000 2000 20¢0 2000 |2005 2005 2005 . 2605 |201¢ 2010 2010 2010 |201s 2015 2015 2015 {2020 2020 2020 2020
1 () 2) {3) 4 i) (2) {2) {4) 11} (2) (3) a) __fery (2} (31 4) |l (2) 3) (4)
| | | | : :
jcrubbex Retrofits (gigawatts}..| .00 .00 .00 .00] .00 .00 .00 .o0f .00 .00 .00 .00} .00 .00 .00 .00l .00 .90 .00 . .CO
- | | | | i
{nterregional SO2 Allowances | | | . | |
Traded (thcussnd tons)......... | .oo0 .00 .00 .00] .00 .00 .00 .00] .00 .00 .00 .00] .o¢ .00 .00 .go0|] .00 .00 .00 .00
| | |
302 Mllowance Price ...........-|133.7 62.63 77.26 88.93|18i.4 119.0 145.1 134.7(224.4 .00 .00 .00]|181.9 .00 .00 .00]166.9 .00 .c0 .00
| | ! ( |
302 Emissions (million toms)....|10.19 10.13 10.42 10.33| 9.69 9.69 9.63 3.69| 9.00 9.00 $.00°9.00{ 5.00 95.00 9.00 9.00| 9.00 9.00 9.00 9.00
| | | | |
Coal Production by Sulfur Categ. | | | | |
(million tons) ] | |
Low Sulfur (< .61 1bs s/emBtuy.. |474.6 454.0 451.1 453.6|538.1 478.8 481 .4 477.8|608.4 223.2 153.2 125.0|667.5 217.9 105.7 74.31]637.6 198.4 103.9 64.44
wed.Sulfur(.61-1.67 lbs.8/mbtu} [453.2 484.2 482.1 486.3]482.7 471.3 465.6 465.6]467.1 317.1 286.0 258.7|459.6 279.6 219.8 197.0[454.4 270.8 208.7 176.86
Righ Sulfur (> 1.67 1bg.5/maBtu) [178.4 197.1 195.6 19¢.4{165.9 185.5 181.2 160.9]268.1 138.0 114.8 98.041196.6 134.5 78.84 £4.92|214.5 131.5 €6.62 30.54
i | A |
Gasoline Prices | | | | . |
Traditional Gasolire...........| .00 .00 .00 .00] .00 .0 .00 .00| .00 .00 .00 .00| .00 .00 .00 .00] .00 .00 .00 .00
Oxygenated Casoline............ | .o0 .00 .00 .00| .00 .00 .00 .00| .00 .00 .00 .00| .00 .00 .00 .00] .00 .00 .00 .00
Refornmlated Gasoline..........| .00 .00 .oc .00| .00 .00 .00 .o0| .00 .00 .00 .00| .00 .00 .09 .o0| .00 .00 .Q0 .00
High-Oxygen Reforwulated Gas...| .00 .00 .00 .00y .00 .00 .00 .o0] .00 .00 .00 .00] .00 .00 .00 .00} .60, .00 .0C .00
AVELAG@ .. cnvneonsrcsns s e | .00 .00 .00 .00] .00 .00 .00 .a0} .00 .00 .00 .00 .bO .00 .00 .00| .00 .00 .00 .00
\ | | | |
Casoline Quantities | | | | 1
Traditional Gasoline........... | -.oo .00 .00 .op| .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00{ .00 .00 .00 .00
Cxygenated Gasoline............ | .00 .00 .00 .00| .00 .00 .00 .00| .00 .00 .00 .00| .0¢ .00 .00 .q0f .00 .00 .00 .00
Reformulated Gasolime.......... ] .oc .00 .00 .00} .00 .00 .00 00| .00 .00 .00 .00| .00 .00 .00 _.00| .a0 .00 .00 .00
High-Oxyven Reforwulated Gas...| .00 .00 .00 .00} .00 .00 .00 .00f .00 .00 .ao0 .00| .00 .00 .00 00| .00 .00 .00 .00
TOAl.u.vqecvanmnesnns [ } .00 -.00 .00 .00] .00 .00 .00 .00} .00 .00 .00 .00} .00 .00 .00 .00} ".co .00 .00 .¢o K
| | | | I
pistillate Prices | | | | \ ]
Distillate <= 0.05% Sulfur..... | .00 .00 .00 .00 .00 .00 .00 .00} .o0 .00 .00 .00| .00 .00 .00 .00] .00 .00 .00 .00
piscillate » 0.05% Sulfur...... | o0 .00 .00 .00} .00 .00 .oco .o0|] .co0 .00 .00 .o00| .00 .00 .00 .00} .00 .00 .GO .00
Average....... o tiieriienanaeeeal .00 .cO .DOD .00] .00 .00 .00 .60] .00 .00 .06 .00| .00 .0OC .00 .00| .po .00 .00 .00
i | | | |
pistillate Quantities | - | i
pistillate <= 0.05% Sulfur.....| .00 .00 .00 .00 .00 .00 .00 ' .00|] .00 .00 .00 .o00{ .00 .00 .00 .00l .00 .a0 .00 .00
pistillate > 0.05% Sulfur...... | .o0 .00 .co .00 .00 .00 .00 .00| .00 .00 .00 .00| .00 .00 .00 .00} .00 .00 .00 .00 .
B 3 W R R { .00 .oc .00 .00f .00 .00 .00 .o0| .00 .00 .00 .00| .00 .00 .60 .00] .00 .00 .00 .00
) ] | i |

nevbase.d012195a

- 0 Tax, Raference Demand Technology (1}, feel50.d012298a (2),

fee200.4012298a (3),

fee250.40122968a {4)
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Table 1. Total Energy Supply and Disposition Summary

{Quadrillion Btu per Year, Unless Otherwise Noted)
I .

Supply, Disposition, and Prices|2000 2000 |2005 2005 |zoa0 2010 |2015 2015 |2020 2020
l¢y ¢y ey (@) ¢ 2) ¢y (2 f(1) (2}
l | | |
'roduction | 1 |
Orude Oil & Lease Condensate.|13.06 11.06{12.33 12.25[11.60 11.37|11.07 10.21]10.33 2.29
Ratural Gas Plant Liquids....| 2.39 2.36| 2.63 2.52] 2.93 3.19| 3.28 2.27| 3.30 3.34
Dry Natural Gag.............. |20.85 20.66]22.83 21.94(25.30 27.25[26.72 27.94(28.12 28.54
Coal.......... [ ....|24.33 23.98|25.52 23.66]26.50 . 9.35]|27.64 €.98[28.37 5.81
Nuclear PONEY. ...c.ovueunennn | 7.36 7.36| 6.87 6.87| 6.38 £.36| 5.12 5.12|"4.09 4.20
Renesable Bnergy .......-- ...| 6.82 7.02] 7.11 8.41] 7.41 :1.84] 7.86 14.88] 8.19 17.02
Other .....coonvcenen e | -s8 .55] .58 .s4| .48 .60|]  .6e 1.10| .89 1.12
Total..ovveceneinnnannnnn 175.36 74.99]77.8¢ 76.40|80.79 69.95|82.32 69.45(|83.29 69.33
| | | | |
‘CEOITSs | | | |
Cxude 0L vovvvervneveueaen...]19.18 19.06]21.98 21.58]23.18 20.53]24.35 21.86|25.40 22.76
Petroleum Products ......... .} 4.39 4.41} 5.55 S.43] 7.5¢ 5.51] 6.81 SI17| 5.50 5.42
Natural Gas ..........c-ec--- | 4.21 4.22} 4.4¢ 4.41]| 4.70 5.34] 5.06 5.68| 5.36 5.08
Other IMPOTLS .....--0cex- ...] .62 .63} .s8 .60] .57 1.40] .54 1.29]| .56 .41
TOtAl..ouvecenrnenannnnns- {28.40 26.32}32.55 32.02|36.01 32.77]38.77 34.09]40.82 35.69
] | 1 |
Bxports | | | | |
patroletm ... ... iieienann | .73 1.70] +.73 1.71] 1.78 1.31)} 2.8§ 1.585] 1.64 1.32
Ratural GaB. ...-.coveee-nnnn .| .28 .28] .28 .28] .2¢ .29 .30 30| .32 .32
(o= A | 2.41 2.41]| 2.64 2.¢4| 2.8¢ 2.84] 3.03 3.02] 3.23 3.23
TOtAL.evceeiveoennenennn | 4.41 4.39] 4.65 4.€4| €.91 4.44] 5.1 4.88| 5.20 4.87
| | | |
JL{GCTEPANCY . vvvrrvnnnacsennnns g .49 .47| .05 -.1¢| .14 -.43| -.09 -.22| -.07 -.36
| | | | |
“onsumption | | T
petroleum Products .........- [38.37 38.24]|412.38 40.58[44.37 39.56|46.21 39.94(47.69 40.41
Natural Gad......eeeceveonn- .|24.76 2¢.57|26.93 26.00]29.57 32.13]31.32 33.12[33:00 34.20
Coal.....eann eeeiirieeiene.e|2223 20.79]23.10 21.40[23.91 6.77[24.87 4.20|25.40 2.82
Nuclear Pawer...... [ | 7.36 7.36| 6.87 6.87| 6.36 6.36| 5.12 5.12| 4.09 4.20
Renewable ENergy ..........-.| 6.82 7.02] 7.12 '8.42] 7.43 11.95| 7.868 14.90| 8.22 17.05
Other ........-.. Ceeieeeaaas | .41 Q1] .37 . .37 .40 1.19| .42 1.20] .43 1.22
Totalo..oeeeioncuonanenenens | 99.8 99.4|105.8 103.6]112.0 97.85]|115.8 96.48{118.8 53.8
| ; i
Jet Imports - Petroleum...._..... [21.84 21.77|25.80 25.29{26.97 24.73|31.30 25.47]33.26 26.89
: | | ! { {
prices (1996 dollars per unic) | | }
World Oil Frice (§ per bbl) ...|19.12 19.04]20.25 19.76{20.80 17.82]|21.17 17.52{21.82 18.92
Gas Wellhead Price($ / MNcf)...| 2.13 2.13} 2.15 2.02] 2.26 2.84| 2.32 2.97] 2.42 2.78
Coal Mincaxuth Price (§ / ton).]|17.36 17.33|16.00 16.14]14.87 19.08]12.88 18.77|13.26 18.68
Aver. Elsctricity (cents / Ewh)}| 6.5 6.5] 6.2 6.2] 6.0 10.6] s.6 10.2] 5.5 10.1
| | | L 1

pewbase.d01219%a - Q Tax, Reference Demand Technoloqy (1), fee300.d4012238a (2)
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Table 17. Carbon smissions by Sector and Source
(4illion Metric Tons per Year,

Unless Otherwise Notred)

Sector and Source |2000 2000 |2005 2005 |2010 .2010 |2015 2015 2020 2020
L) (2) f) 12y J)y  ¢2) Jay <2) |a) (2}
- | | l l
Residential | \ | |
Petrolevm. ........ e ve...} 25.8 25.7{ 25.0 24.8] 24.8 20.6} 24.6 20.3}.24.3 19.9
Natural Gas.......c..--=- ....1 77.0 16.8]| 78.7 78.4| 81.3 65.8] 84a.0 66.8] 85.1 68.6
Coal....... e ameeaaaa. | 1.4 1.4] 1.4 1.4 2.4 1.20 1.3 1.3f 1.3 1.2
Blectriclbty....oac-.- R .|201.3 197.5|215.6 296.3{229.8 104.9]247.9 88.7|265.8 82.5
TOLAl.. ccvnnvnnnnccnnsse ....|305.5 301.4|320.7 301.5]337.3 192.6]357.9 177.0[377.5 172.2
’ | : 1 i |
Coxmercial | |
PELYOLeUM. - .o ot e | 12.9 12.8]| 12.9 12.8{ 12.8 12.0| 12.7 211.5| 12.5 11.7
Fatural GAS.....-cecovevnvnnon | 49.9 49.6] 52.1 S1.2] 54.1 €7.4] 55.5 47.8] 55.6 47.6
[o2=Y R | 2.2 2.2 2.3 2.3] 2.4 2.4] 2.5 2.5| 2.8 2.5
BlectriCity.coonnnonnneanns ..|182.1 179.4}192.8 179.8]204.1 94.3|216.9 78.0|223.9 69.6
[ 0= - ) SR |247.1 244.1]260.1 246.2|273.5 156.2|287.7 140.3|294.4 131.4
{ { | i [
Ipdustrial .. . | 1 | |
perroleum. ... ....--- weeeue.--}203.3 102.7][209.6 107.2(|115.4 102.0]118.6 103.7[119.3 101.4
Matural Gas ...---.- Cereaea |1s5.5 154.3[159.6 153.5]|166.0 144.0|167.2 139.8(167.9 141.2
Coal.....connn- e | 60.6 59.4| 62.3 S57.8] €2.7 46.3) 61.6 44.3} 60.6 e2.1
Blectricityee . everncoans ....|187.5 18¢.1}203.0 187.1]217.0 110.0[228.5 91.9(237.4 B81.7
TOTA) .o e voenreonnnnnaonens .1506.8 500.5]532.€ S05.5|561.2 402.41575.9 379.7}585.3 366.4
| | | ! )
Transportation | | | {
PEtTOLOUM. oot vnvnnnaar-neons |502.7 502.3(552.7 549.2{600 6.533.1]628.1 531.6]649.0 544.2
Natural Gas ....... [P | 12.1 12.0] 14.5 14.3] 17.2 17.2| 18.3 18.1| 19.7 19.5
Cthexr ...... BN | .3 Ry .S .s{ 1.4 1.2] 2.2 1.8} 2.7 2.2
Electricity...... e | 3.3- 3.2 5.9 S.6| 8.7 4.3]10.7 ¢.1] 12,2 4.2
TOEAL. . veenenr censansn-.|518.2 817.7{573.6 569.6]627.9 555.7|659.4 555.7|683.6 $65.9
{ l | | l
Total Carboo Buissions ..
Petroleum. . cc o cccnennaanaean J644.7 643.5|700.1 693.9|753.6 567.8]784.0 667.6]805.1 677.1
Ratural Gas.......ooceecceees |294.5 252.7|303.9 297.4|318.6 274.4|325.0 272.5(329.3 276.9
Coab.cvvyunnnnnes e | 6a.2 €3.1| 66.0 61.5| 66.5 50.0| 65.5 48.0| 64.5 45.9
OUREL . ovvnevrcanconsasancns | al .8 .s] 1.e 12| 2.2 1.8] 2.7 2.2
Blectricity....eoeennv.-i..--|574.1 564.2|607.3 §69.4]659.7 313.5|704.0 262.8[739.2 238.0
Total........ e v....| 1578 1564| 1688 1623| 1800 1307} 1881 1253|-1941 1240
. | | 1 | 1
Slectric Generate:s .. ] { | 1
Petroleum. .c.veeoronncns we..o.l 12.2 10.2] 9.2 8.2] 8.2 7.1] 7.6 4.0} 7.8 2.8
Ratoral Gas....... ..--cccee-- | s0.0 59.0] 81.8 75.2|104.9 186.3]123.7 202.61143.6 212.2
Coal...cvewunennnas - .1502.9 495.11526.3 486.1(546.7 120.1§572.7 56.2|587.9 22.9
Total..coeaiiecioanannn ....|574.1 564.2|617.3 569.4]659.7 313.5]704.0 262.8(739.2 238.0
| | ' | | I
Total Carbon Emissions .. | i
pecrolcun. ... .. eetseae e |655.9 653.7|709.3 702.0|761.8 674.9]791.7 671.6|812.9 €79.9
Patural Gas......ccovcc--nns .1354.5 351.7|385.7 372.6]423.5 460.8]|448.7 475.1|472.8 489.1
Coal...cvennnnonns e |567.1 558.2|592.3 547.6]|613.2 170.1|638.2 104.2|652.4 68.7
[019 7Y R I | .1 -1y .5 5] 1.4 1.2] 2.2 1.3 2.7 2.2
ToLal. .cieunin ivamaaaen | 1578 156a| 1688 1623| 1800 1307 1881 1253| 1941 1240
1 | | { |
Carbon Bmisslions . | | - i | | -
(toas per gerzon)......-.. ee...} 5.7 s5.7| 5.9 5.7} 6.0 4.a] .0 4.0] 6.0 3.8
{ f | ] l
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Table 52. 3missions by NERC Region
except Carbon and Carbon Dioxide (milljon metric tons)
|

(million short tons)

| |
|2000 2000 }2005 2003 j2010 2010 |2015 2015 |2020 2020
1) @ 1) @ jay (@ 14l 2) @) (2}
| \ i |
3ISSIONS . v eve oo aannnon N | | | |
mited States | | | i
Total CarbOD....cvvaeuecernane [S74.1 564.2]617.3 569.4(659.7 313.5|704.0 262.8|739.2 238.0
carbon Dioxide......... e.....}| 2105 2069| 2263 2083| 2419 1149} 2581 963.5| 2711 872.5
Sulfur Dioxide..........c.-eeee {10.19 10.45| 9.69 9.69} 9.00 9.00{ 9.00 9.00} .00 95.00
ditrogen Oxide..... feeeeaean | 6.15 6.c3| €.29 5.78) 6.48 2.30] 6.75 31.41] 6.94 .98
3ast Central Area Rellability | | | |
Tetal Carbon.......... eeieean |129.0 125.5[135.7 127.0]|143.8 75.76]|145.2 $5.21|155.3 42.44
Carbon Dioxide...........--... [472.9 460.01497.6 465.8|527.3 261.4|547.0 217.2|567.6 181.3
Sulfur Dioxide,.....-.. [N ] 3.39 3.s58] 3.33 3.28| 2.98 4.57| 2.84 5.95] 2.60 3.50
Nitrogen Oxcide. ... ..coeenon | 1.50 1.46] 1.55 1.44| L.61 .67];31.84 .46] 1.68 .20
glectric Reliability Council Tx | | ) |
Total:- Carbon..... [ |45.92 45.76]47.40 45.52|50.00 24.48(52.61 20.01|54.64 17.05
Carbon DioXide........eee.-..|168.4 167.8(173.3 166.9]183.3 89.7¢]162.5 73.35]200.3 62.50
Sulfur Dioxide....... .cecoee-. - .35 .35] .34 .3S| .34 .10 .23 2¢| .32 .75
Nitrogen Gxcidea.......occonao- | .47 .47] .43 .a1] .38 .20}F .38 .10 .39 08
Mid-Atlantic Area Council | | : { |
Total CAFDOM.. .. .cuvocucoennors ]234.48 33.46|35.70 33.18139.69 23.12]41.62 19.32]|45.23 16.8Y
Carbon Dioxide.....covveniannn ]226.4 122.5{130.9 121.6]145.5 84.75]152.6 70.82]165.8 61.91
Sulfyr Dioxi@e...... e.-. oo | .ss 1.09] .54 1.05] .so .88] .S0 .41| .s2 .65
Nitrogen Gxide.......cocorenn § .29 .29] .28 .26] .30 .12| .32 .08] .33 .06
Mid-Arezica Interconnected Necw | | : |
Total Carton..... e ierbaarane [40.87 40.78]44.56 37.75147.70 21.65}50.20 2i.04}52.30 18.61
Carbon Dioxide...........covnn {199.8 1¢9.5|163.4 138.4[2174.9 79.39[184.1 77.25[191.8 68.23
Sulfur Dioxide...... veveo....l) .88 98] .70 .73| .65 .32 .61 .37 .57 .69
Nitregen Oxide.......ccemnvnn- { -s2 .s3] .s2 44| .54  .12| .56 .09 .5 .07
Mid-Continent Arca Power Pool | o - |
Total CAXDON. .. ..eovsoeemn-rns |32.68 31.80{37.10 32.95|38.85 11.85]41.10 8.78{42.13 6.73
Carbon Dioxide....... [P |119.8 116.6]136.0 120.8]142.5 ¢3.47]150.7 32.21]154.5 24.6%
Sulfur Dioxide......c...v .- | .a2 .39} .a¢ .36] .43 .13] .42 .12 .40 .02
Nitrogen Oxide........co.c-une | .39 .38} .43 .39] .45 .10 .45 .04| .46 .a3
Northeast Power Council/New Yark| | |
Total Carbon....... Ceeeeaenan [13.50 13.43]|13.11 12.32|14.04 9.25]15.26 8.98|16.16 8.24
Carbon Dioxide......c...-..-- |49.51 39.25|48.06 45.17|51.48 33.93{55.97 32.93|59.26 30.20
Sulfur Dioxide.............uc- | .24 .26] .20 .19} .19 .09| .17 .19] -16 .28
Nitrogen Oxide........... AU T § ¥ .11{ .09 .08] .09 .03| .09 .03} .09 .03
Mortheast Power Council/New Brgl| | | - .
Total CAYDON. .- vevovecnsaonnns 121.59 11.%4 |14.59 14.11[14.97 §.59]12.95 7.56|15.50 6.74
Carbon Dioxide....... e [42.50 42.31]53.48 51.73|54.90 31.49]|54.82 27.73|56.85 24.73
Sulfur Dioxide........ RPTR | 18 .19 .20 .19) .17 .06] .16 .09 .4 .33
Nirrogen Oxide....... Ciievi..o.) .20 .20] .12 .12] .12 04| .m2 .04 .11 .03
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' Table 62. Bmissions by NERC Region (million short toons) (Contimied)
except Carbop and Carbon n_Diozide (million metric tons)
| | . |
[2000 2000 |2005 2005 |2010 2010 |2005 2015 |2020 2020
}(3) (2)_ ) (2) |t2) 2) ) 2y _{a)  (2)
‘octheagtern Blectric/FPlorida | { | | |
Total CATBOA....cv-vreonnnnnns |26.28 25.129|30.55 26.33]32.80 18.52]37.72 1€.57[43.57 16.60
Carbon Dioxide.......coovnnnne |97.09 $2.36|112.0 96.54]|120.2 £7.91}138.3 60.74|159.7 60.86
Sulfar Dioxide...............- | .40 .34] .35. .33] .33 .23] .36 .20 .43 .22
Fitrogea Oxide....... e | .29 .27] 32 .27| .33 .14| .37 .09] .43 .07
joutheastern Blectric/Bxcl Fla | |
Total Carbap.......-. veeeee.--]204.0 202.9{112.5 108.51120.6 62.65[130.9 49.71{135.8 43.44
Carton Dioxide............ ....]381.3 377.1]432.4 397.8]442.3 229.7]/480.0 182.2]497.8 181.3
Sulfur Dioxide............u. ..] 2.62 2.14] 2.51 2.11] 2.39 2.31] 2.66 1.00] 2.74 1.44
Kitrogen Oxide..... Cibeeaeaea. | 1.06 1.0¢4| 2.12 1.08f 1.27 .52) 1.2¢  .2¢] 1.22 .13
southwest Power Pool | | } |
Toral Carbon.. ... heeeaenen ....|59.92 59.11]65.03 $9.89|68.41 28.08(|70.22 22.71|72.36 18.20
Carbon Dloxide.....ccvounen ..}219.7 216.7|238.4 219.6[250.8 102.9|257.5 83.27]|267.5 66.173
sulfur Dioxide.........cceeoea| -68 .68f .64 .65] .62 .16] .sy .21} .s6- .43
Nitrcgen Oxide.......ceoves-o-| 69 .67] .70 .64] .71 .23 .e9 .1} .70 .07
festern Systems Council/KAP | | | | |
Total Carbaf.....cocven-- vee..|24.82 24.65|28.20 29.60[29.74 9.73|31.31 9.04]32.57 8.8+
Carbon Dioxide....._ .......... [91.07 $0.39]103.4 106.5[109.1 35.66]114.8 33.16]119.4 32.42
Sulfur Dioxide.....c..cvannne ] .16 .16} .S 18] .24 .00 .13 .01] .12 .02
Ritrogen Oxide. .. ............ | .24 .23) .24 .25 .25 .03| .26 .03| .26 .03
Aestern Systems Council/RA | | | |
Total Caxbom.. ...  veuconvnnn- |27.99 28.01|30.32 26.88]31.98 12.17|33.20 12.50{34.21 1£.67
Carbon Dioxide...... .ccv-u.-n |102.6 102.7|112.2 98.55]|117.3 44.53]121.4 ¢5.02[325.4 $53.78
Sulfur Dioxide........-occennn. { .22 21| .20 .20] .18 .10} .16 .22] .16 .61
Nitrogen Oxide........ e | .30 .29] .3;: .28] .31 .e?7] .32 .08| .32 .10
Hestern Systems Council/CQV | | | |
Total Carbon.. ... vemmnancens |22.87 22.23|22.53 15.3%9|27.12 6.65|35.82 7.33|38.87 6.52
Carbon Dioxide...........o-n.e |83.85 81.52|82.62 s6.42) 99.4 24.39|131.4 26.87|142.5 23.92
Sulfur Dioxide...............- | .08 .os| .os .os] .os .o1| .08 .02] .08 .04
Nitrogen Oxide.......cocvnene Jd - .1s] .18 22| .23 .03| .32 .02 .35 .02
1 1 | | ]
rnewbase.d012196a - 0 Tax, Reference D d Technology (1), fee300.4012298a {(2)

ENEBRGY IRNFPORMATION

ADMINISTRATION

86/£2/1@

LT

av

Q.88 GAE 2B2 + 4-¥10/"13-30d

928 "ON

c1a



MATIONAL BNBRGY

“MODBLING

SYSTEM

Table 117. Rational Impacts of the Clean Air Act Amendments of 1990 (CAKA9O)

{2000 2000 {2005 2005 |2010 2010 |2015 201S |2020 2020

1Q2) (2) @) (2 lay 2 Jay 2 Jay (2
] I | I [

Scrubber Retvofits Igigawatts)..| .06 .0¢| .oo .oo] .00 .00| .00 .00] .00 .00

|- | | | |

Intervegional S02 Ailouarnces | | | | |
Traded (thousand tons)......... | .cc .oo] .o0 .oo] .co .00| .00 .00 .00 .00

| | | | i

502 Allowance Price ............ {132.7 71.72[181.4 155.1]224a.4 .00|181.9 .00]166.9 .00

| A I | |

502 Smissions (million tons)....|10.19 10.45] 9.69 9.69] 9.00 9.00| 9.00 9.00| 9.00 9.0

: | | | | |

coal Production by Sulfur Categ.| | i | |
(million tons) | | |

Low Sulfur (< .61 lbe s/mmBtu)..|474.6 452.9(538.1 478.2{603.4 93.18|667.5 63.87|697.€ 55.20

Med.Sulfur (.61-1.67 1bs.S/madtu) |493.2 482.3[482.7 464.7]467.1 228.2]459.8 138.4[454.4 169.0

High Sulfur (> 1.57 lbe.5/me3tu) [173.4 194.6|185.3 178.6{188.1 78.95]196.6 45.39]214.5 22.34

| | 1 | N

Gasoline Prices | | | | |
Traditional Gasoline........... | .oo0 .00 .00 .0a] -.00 00| .00 .00|] .00 .00
Oxygenated Gasoline...... ...... | .o0 .00} .00 .00| .00 .00| .00 .00] .00 .00
Reformulated Gasoline...... ...l .00 .00} .00 .00 .00 .00 .00 .00f{ .00 .co
High-Oxygen Reformulatsd Gas...| .00 .o0f .00 .00 .o0 .00] .00 .o00f .00 .00

RVErAGR. . .o vvvranacsnnnsonnans 1 .oo .00} .o0 00| .00 00| .00 .a0f{ .00 .eo

i | | ]

Gascline Cuantities | i | | {
Traditionsl Gagolime........... | -co .00| .00 .00| .00 .00} .00 .00] .00 .00
Oxygenated Gasoline............ { .o0 .00] .co .00] .00 .00f .00 .00 .o0 .00
Peformulated Gasoline....... ... .coO .00| .00 .00] .00 .00] .00 .00} .00 .00
High-Oxygen Reformulated Gas...| .00 .o0| .00 .00 .00 .00| .00 .00] .60 .00

Total...... PN | .o0 .00 .00 .00] .ao .00f .oo0 .00} .00 .00

| | o l ]

Distillate Prices | | | | }
Distillate <= 0,05% Sulfur..... | .00 .o00| .00 .oo| .00 .00} .00 .00 .00 .00
Distillate > 0.05% Sulfur...... | .o0 .00] .oo .oof .00 .00} .coO .00] .00 .00

Average...... e veweew..| .00 _00| .00 .00] .00 _00] .00 .00| .00 .00

| | | | |

Distillate Quanrities | | | | |
pistillate <= 0.05% Sulfur..... | .o0 .00} .00 .o0f .00 .00] .00 .00| .00 .00
Distillate > 0.0S% Sulfur...... | -.oo .00 .00 .00} .00 .00] .00 .00| .o0 .00

Total..... P | .oo .oo] .o0 .oo] .00 .00] .00 .0a| .00 .00

L } | { |
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