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This paper describes extensions of end-use energy demand forecasting models to
project air pollution emissions.. Energy demand forecasting is a maturing field in
which the end-use forecasting model is becoming the standard tool. Air pollution
emission projection techniques have developed independently of energy demand
forecasting even though a considerable portion ofair pollution emissions comes from
fuel combustion.. Considerable benefits can be obtained by jointly producing energy
demand and emission projections from common data bases using an integrated
modeling system.. Such integrated modeling allows better understanding of the growth
of energy-related emissions over time, and of the role of demand-side management
in reducing these emissions..

This paper presents results of initial efforts at the California Energy Commission to
integrate emission projections and energy demand forecasting models. The Los
Angeles basin, which is regulated by the South Coast Air Quality Management
District, is used to assess three control strategies.. These efforts have resulted in
successfully projecting that portion of air pollution emissions arising from stationary
fuel combustion by end-users0 The stationary fuel combustion portion (excluding
powerplants) aftotal emission sources is over 30 percent for NOx' but lesser amounts
for other criteria pollutantso

Full integration of energy demand forecasting and emission projections from sta
tionary sources requires additional research in emission inventories, improved
emission factors, and integrated model development Some follow-up efforts which
seem promising are recommended"

INTRODUCTION

Demand-side (DSM) is increasingly
offered as a solution to ambient air

quality problems in portions of the nationo Dis
persed sources of emissions, from residential and
commercial buildings and equipment, from vehicles,
or other small sources not regulated in the past,
must be controlled if ambient standards are to be
achieved in these areas. This proposed solution is
difficult to link directly with likely emission
reductions because emission projections have not
been made energy consumption as a basis&
.ll.J.&..&.~Ul.'lI>.-§i"- of this "solution" to the air quality planning

process requires improvement in emission
projection methodologies and datao This paper
describes initial progress in developing a ne\v
methodology for projecting air pollution emissions
that relies directly on energy demand forecasts as a
basis for fuel combustion emission projectionse

Energy demand forecasting models are an intriguing
starting point for emission projections, since they
are, by design, methods for projecting fuel consump
tion into the future as a function of economic and
demographic growth, shifts among energy forms, and
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changes in energy use per unit of activity as a result
of price-induced behavior and DSM programs. This
paper demonstrates that extensions of demand fore
casting models to produce emission projections and
energy demand forecasts simultaneously is readily
accomplished, and that such models allow coordi
nated and consistent energy and air pollutant
planning.

Application of the energy demand-based emission
projection model has been successfullyaccomplished
for an assessment of three emission reduction
strategies for the utilities of the South Coast Air
Basin in the Los Angeles region. This work directly
links energy demand with emission projections in a
modeling framework that allows "what if' scenarios
to be evaluated. California Energy Commission
(CEC) efforts have been coordinated with the South

ast r QualityManagement District (SCAQMD)
via an interagency working group assessing
energy/emission linkages in preparation for the next
revision ofSCAQMD's air quality management plan

A summary of the results is presented0

CURRENT PRACTICE IN
EMISSION PR JE 0 S

Air .in California are -n'l!"r,~"dIo""'1'£\r1!

t "r Resources Board ( using data and
information prepar by ARB and individual
air management districts 1988).. This
method is used for individual air basin planning and
as an to air shed to
determine ozone formation.. California has not
em.pn;aSl~led the broad assessments of the used
in the National Acid Assessment

ject because of the of coal
.,.o."k"1i"'r<ln''I1''Iii"C' or other int sources~

m od is and has no
direct role for consumption as the inter...

between. economic activity and the emis-
~,oC'nl'lt'i'l1"lilf'"q from fuel combustiono Emissions are

a number of source
control categories on a small area geographic basis..
Because air shed models are used to compute
ambient concentrations in small geographic areas,
emission have emphasized a fine level of
als;aJ!2:re$1~atlI0n& For example, the South Coast Air
Basin administered by SCAQMD, prepares
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emissions data for about 150 control categories in
each of 600 grid areas. This approach is needed for
ozone, which requires elaborate air shed modeling
of the photochemical reactions of NOx (nitrogen
oxides) and ROG (reactive organic gases) to deter
mine its formation, distribution, and concentrationG

SCAQMD Emission Projections

The ARB/SCAQ method relies upon a base year
emission inventory, and projects future emissions
from that base.. Essentially, the method can be
represented as:

EP(p,c,t) = EI(p,c,base)*GF(c,t)*CF(p,c,t)

where EP(p,c,t) = emission projection for pollutant p in
control category c in year t"

EI(p,c,base) = emission inventory in the base year.
GF(c,t) = growth factor for control category c for

yeart.
CF(p,c,t) = control factor for category c for

pollutant p for year t.

Total emissions for any pollutant in any is
simply the sum of emissions over the entire set of
source control categoriesG

Base Year Emission tnventionr

As shown above, the current ARB/SCAQMD emis H

sion projection methodology requires a firm
understanding of base year emission inventory of
each pollutantG These data are developed jointly
between ARB and each district from "point" sources
that are regulated and for which reasonably reliable
information is obtained routinely, and from "area"
sources whose emissions are estimated through
secondary information such as statewide fuel con
L&u..Bl..u..Ut..lV,ll.ll... emission factors, and population distri
bution0 Overall, emission inventories are known less
precisely than energy consumption although
research studies (Lawson 1990) are attempting to
improve knowledge of emissions and ambient con
centrations of the criteria pollutants..

The inventory for SCAB was obtained from ARB
with SCAQMD's cooperation and has been proc
essed to provide emissions from classifications of
sources that exactly match Commission demand

ecasting modelsG Further, these emissions have
been categorized into those from fuel combustion



and those from other sourcese Evaporation of
organic chemicals, natural decay and decomposition
processes, and dust are the major sources of
emissions other than fuel combustion$ Table 1
(Part A) provides emissions from fuel combustion
and other sources for the two most important
pollutants--NOxand ROG--the precursors to ozone"
Clearly, fuel combustion is the dominant source of
N0X' and an important source for ROG.. The
stationary sectors commonly addressed in utility
delivered fuel planning models are important for
N0X' but secondary for ROGe Table 1 (Part B)

summarizes these emissions for each sector for the
three fuel groups.. Natural gas is the dominant
stationary fuel, while petroleum is the dominant
transportation fuel.

INTEGRATED ENERGY/EMISSION
PROJECTIONS

In an effort to link energy demand forecasts with
emission projections, the Commission is developing
a new methodology that treats fuel combustion
emissions as a byproduct of energy demand" Energy

Table 1~ 1987Emission Inventory by Sector and Source
Part A: Combustion Share of Emissions

(tons/day)

Fuels Non-Fuels Total Fuel Share(%)

NOx ROG NOx ROG NOx ROG NOx ROG

Residential 34,,7 7,,4 0.. 0 74 .. 2 34 .. 7 81 .. 6 100,,0% 9 .. 1%
Corom .. Bldg 24 .. 1 5 .. 7 3 .. 9 80 .. 4 28 .. 0 86 .. 1 86 .. 2% 6,,6%
lCU 42 .. 3 15 .. 0 0 .. 5 32 .. 5 42 .. 8 47$5 98 .. 9% 31,,5%
Process Ind 68 .. 4 5 .. 1 15 .. 4 35 .. 6 83 .. 8 40,,6 81 .. 6% 12 .. 5%
Assemb Ind 33 .. 3 2.. 6 4 .. 2 183 .. 2 37 .. 5 185 .. 8 88 .. 8% 1.. 4%
Other 100 29 .. 5 3 .. 0 0 .. 7 43 .. 2 30,,2 46 .. 2 97 .. 7% 6 .. 5%
Ag &Water 0 .. 3 0,,5 0 .. 2 39 .. 7 0 .. 5 40 .. 2 58 .. 5% 1.. 1%
Other 68 .. 4 45,,3 0 .. 2 82,,2 68 .. 6 127,,5 99,,8% 35 .. 5%
Transportation 596 .. 2 475 .. 9 0.. 0 0.. 0 596 .. 2 475 .. 9 100 .. 0% 100,,0%
ELec Generation 42 .. 1 2 .. 7 0,,0 0.. 1 42 .. 1 2 .. 8 100100% 95 .. 9%
Total 939 .. 4 563 .. 2 25 .. 1 571 .. 0 964 .. 4 1134 .. 2 97 .. 4% 49 .. 7%

Part B: Combustion Emissions by Fuel Type
(tons/day)

Natural Gas Petroleum Other Fuels All Fuels
__ t¥l _____ ... _______

----------------- ---------------- ------------_.--
NOx ROG NOx ROG HOx RaG NOx RaG

Residential 32 .. 0 0,,7 0 .. 2 0 .. 0 2 .. 5 6 .. 8 34 .. 7 7.. 4
COITm .. Bldg 11 .. 1 0,,5 11 .. 0 0 .. 5 2 .. 0 4 .. 7 24" 1 5 .. 7
leu 12 .. 1 1,,0 28 .. 0 0.. 9 2 .. 2 13 .. 0 42 .. 3 15 .. 0
Process 100 18 .. 8 1.. 1 8 .. 4 0,,6 41 .. 1 3,,4 68 .. 4 5 .. 1
Assemb Ind 22 .. 8 1 .. 4 7.. 6 0 .. 4 2 .. 9 0 .. 8 33 .. 3 2,,6
Other Ind 19,,9 1.. 7 1 .. 7 0 .. 1 7 .. 9 1.. 2 29 .. 5 3 .. 0
Ag &Water 0 .. 1 0 .. 0 0.. 0 0 .. 0 0 .. 2 0 .. 4 0.. 3 0 .. 5
Other 0 .. 0 0 .. 0 42,,7 4 .. 6 25,,7 40 .. 7 68 .. 4 45 .. 3
Transportation 0 .. 0 0,,0 172 .. 2 29109 424 .. 0 446 .. 0 596 .. 2 475 .. 9
Elee Generation 36,,4 1.. 6 5.. 4 0 .. 3 0 .. 3 0.. 8 42 .. 1 2 .. 7
Total 153,,3 8 .. 0 277 .. 2 37 .. 4 508 .. 8 517 .. 8 939 .. 4 563 .. 2

Source: ARB/SCAQMD 1987 Emission Inventory Data Base analyzed by Commission Staff,
Apri L 1990 ..
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Table 2.. AvailableDisaggregation in Summary Models

Commission Emission Projection History

Prior to the emergence of SCAQMD's draft 1988
AQMP the Commission assessed emissions only in
individual powerplant certification proceedings..
Emission studies for each powerplant in question
concentrated upon compliance with air quality
regulations existing at the site of the proposed
facilityll Once the scope of SCAQMD's proposed
1988 AQMP became clear, the Commission realized
that a mqre comprehensive emission projections
capability was necessary in order to allow the

Table 2 enumerates the eight distinct consumer
sector energy models used to project electricity,
natural gas, coal, and stationary petroleum fuel
energy requirements.. The CEC produces a forecast
of energy consumption (covering all use of each fuel
type) rather than a forecast of utility sales; thus, the
job of preparing emission projections is made easier
because fuel use from all sources is already included..
As Table 2 suggests, the eight sectoral models are
highly disaggregate41 Residential, commercial build
ing, and assembly industry models use end-uses in
developing overall demand" This approach contrasts
with the aggregate econometric models still used by
some utilities across the country~ Such aggregate
models would not be as useful a starting point for
emission projections~

demand is forecasted first, and emissions projections
are computed from the demand forecast using emis
sions factors associated with the nature of the fuel
combustion process" The modeling approach used in
this analysis will be described in both energy and
emissions terms..

Energy Deman.d Forecasts

Energy demand forecasts serve a variety of roles in
utility and energy agency planning" Over the past
two decades techniques used have evolved from
simple linear trending to complex simulation models
as computers, and the ability to use them, have
become ubiquitous"

Utility Forecasting. Utility energy demand fore
casting is gradually standardizing the types of
models used for various purposes, although lots of
variety continues to exist. Long run forecasting for
electricity and natural gas is now emphasizing end...
use simulation models for the residential, commer
cial, and even industrial sectors defined by economic
activity" The Electric Power Research Institute has
made contributions to the development and com
mercialization of such models for the electric utility
industrye Econometric modeling continues to domi
nate short run forecasting for rate setting purposes
where the opportunity for structural change is
limited.. Spreadsheet-based simulation models are
becoming important for assessing the possible
consequences of demand-side m~nagement

programs"

California Energy Forecasting.. CE~ Staff routinely
prepare electricity and natural gas <.1.emand forecasts
for use in electricity and. natu gas resource
planning.. These forecasts are aIed using very
colnpllex :SlIILUI(ltic~n models for each customer sector
(CEC 1989).. Customer sectors are regations of
customers into similar groupings bas;~d on the
nature of the economic activity taking place on the
customer's premise.. In aU cases, these models

energy d.emand for individual subsectors as
a function ofeconomic and demographic projections
of the of subsector activity within a given
geographic area.. California utilities use similar
.ll.UV'U""J..J..J..U~:' techniques0

Customer Sector

Residential

Commercial Building

Commercial Industries

Process Industries

Assembly Industries

Other Industries

Agriculture

Water Supply

level of Disaggregation

3 housing types
with 20 end-uses

11 building types
with 10 end-uses

18 industries

13 industries

20 industries

7 industries

2 industries
with 10 crops

2 industries



EMISSG(t,p,i,e) = EMFACG(t,p,i,e) * GAS(t,i,e) (2)

question. By itself, the variation in emission factors
across the residential and commercial building ende

uses should not prove great Therefore, little justifi
cation for end-use emission factors exists for these
two sectors. For the industrial impacts of air quality
control measures, it appears useful to have end-use
level of detail, since considerable variation in
emission factors can be anticipated. The first
generation model should be developed at an "inter
mediate" level of end-use detail. For the residential
and commercial sectors each end-use is not differen...
tiated by building type. For the industrial and
agricultural sectors, industries (see Table 2) are not
differentiated by end-usee The design of the compu
ter code implementing the model should recognize
that the second generation of the model probably
will need to have full industry and end-use emission
detait

Emission Projection Algorithms

The emissions computation algorithm is extremely
simple and straightforward. There are only a few
basic steps, some of which have been added to
existing "summary model" subroutines and some of
which take place in a new stand alone emissions
integration computer code. Figure 1 illustrates how
the existing Commission demand forecasting models
have been adapted and augmented to project emis
sions~ In this figure, dotted box outlines indicate
new modules that have been added to prepare emis
sion projections.. Most of the modeling apparatus
needed already exists$ The greatest efforts are
required for transportation fuels, since the
transportation models are not as mature as those
for the stationary consuming sectors..

Raw Emission Calculations.. For natural gas-sourced
emissions, the following equation defines the most
disaggregate level of emission projection..

Commission to include emissions of pollutants in its
planning and policy decisions$

Emission Projection Model Design Considerations

In developing an emission projection capability, the
Commission had to consider the purpose to which
the model would be employed.

Pollutants to be Included. Initially this effort
focused on local air pollution problems and the
fuel-sourced pollutants contributing to global
warming. This led to an initial selection of
pollutants to include within the model. These are:
(1) N0X' (2) ROG, (3) PM10 (particulate matter
less than 10 microns), (4) SOx (oxides of sulfur),
(5) CO, and (6) CO2. Additional efforts are possible
through consideration of other greenhouse gases,
such as: (1) N20, (2) methane, and (3) CFCse

Scope of Emissions Included within the Model.
Design of the model critically depends upon
determining the scope ofemissions which the model
is intended to address. If the model is intended to
be comprehensive and address all stationary emis
sions, then a design oriented around energy con
sumption is inadequateG If the results are able to be
constrained to emissions from fuels combustion,
then a design based on energy use should suffice$

The Commission is not an air quality management
agency~ Its charter is to balance several social
considerations while determining the need for, and
preferred mix of, new energy resource additions.
Therefore, it does not appear proper for the
Commission to "second guess" SCAQMD or any
other air pollution control district in its control
measures for non-energy consumption sources of
emissions" On the other hand, the Commission
needs to be .cognizant of two factors. tradeoffs
in emissions among the source categories, which
SC has made, might be made differently by
the Commission. Second, possible differences of
economic and demographic p ·ections may have
implications in projecting non-energy consumption
emissions, even if we accept SCAQMD's control
measures~ On balance, the Commission has decided,
for now, to focus on fuel combustion emissions.

Level of Disaggregation. Whether or not to develop
the model at the level of end-uses is an important

where EMISSG(t,p,i,e)

EMFACG(t,p,i,e)

GAS(t,i,e)

natural gas sourced emissions in
year t for pollutant p for industry
i for end-use e
emission factor for natural gas
consumption (note the time
dimension allows for change
over time)
natural gas consumption.
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Figure 1. Schematic of the Integrated Energy/Emission Model



For petroleum sourced ermSSIons, the following
equation defines the most disaggregate level of
emission projection"

EMISSO(t,p,i,e) = EMFACO(t,p,i,e) * OIL(t,i,e) (3)

where EMISSO(t,p,i,e) petroleum sourced emissions in
year t for pollutant p for
industry i for end-use e

EMFACO(t,p,i,e) emission factor for petroleum
combustion (note the time
dimension allows for change
over time)

OIL(t,i,e) petroleum consumption.

Aggregate emissions for each fuel type for each
pollutant are prepared by summing up over all
industries and end-uses"

Calibrating Emissions to Known Inventories.. Within
the fuels summary model (integration, calibration,
and report writing code), a series of calculations is
required.. Total emission of a given pollutant is
simply the sum over each fuel type.

AGEMS(t,p) = AGEMSG(t,p) + AGEMSO(t,p)

where AGEMS(t,p) = total raw stationary emissions in year
t for pollutant p.

These raw emission projections for each pollutant
must be calibrated to the level representing emis
sions inventory as defined by ARB for the district in
""1_'1.n.:1q".,ll,.'-'AA. Given the softness of the emissions fac
tors, our reliance energy consumption as the
Dre~CUI'sorfor emissions, and a host of other factors,
it is obvious that some level of calibration will be
ne(;~aelr1: the question is how muchq, Since
.8I.AJ8.'-".8I.Vo.AVJl."" years of reliable emission inventories do
not exist, the calibration procedure simply scales
"backcasf' emissions to the actual 1987 estimates
shown in Table 1

Known Limitations ofThis Model. The initial gener
ation of an integrated energy demand/emission
model has two limitations that require additional
work in the future.. the level of disaggregation
is not sufficient to capture the impacts of many
V.tUI.:JVo.AA,IIl.J,:;. air control measures. For example,

is represented by a single emission
mUlltil)lie~d by energy demand for each fuel

... '" ~ g Rule 1102,,1 requires replacement

of internal combustion engines by electric motors;
this rule cannot be easily assessed within the model,
because the emissions from the natural gas used to
fire such engines is not projected separately from
that of the much larger process heat use of gase
Second, emission inventories have been developed
in a manner that relies heavily on annual permit fee
data for regulated point sources, and merely esti
mates emissions for non-regulated sources from
aggregate energy demand datao Part of the explana
tion for this data problem lies in California's air
pollution regulatory structure which maintains 41
distinct air pollution control districts, each ofwhich
require emission inventory data from ARB4> The
"area" source emission estimates are suspect, but of
considerable importance because of the large
amount of fuel burned by non-permitted sourcese

t of these limitations can be corrected in
another generation of the model, but fundamental
data problems of area sources will take much longer
to resolvee

AIR QUALITY SCENARIOS PROJECT

The CEC's 1990 Electricity Report (ER-90)
proceeding motivated examination of air quality
scenarios for SCAQMD sooner than was been
possible with the emissions projection model
described abovee A simplified model developed at a
more aggregate level, but still based on energy
demand, was prepared for this purpose. Results of
this interim model are available for three scenarios
based on control strategies presented in SCAQMD's
adopted plan (SCAQMD 1989)" This exploratory
analysis is intended to illustrate consequences, and
to motivate additional analyses of greater depth and
rigor where emission reduction strategies are
Int(~2ralted with planning&

Three scenarios were developed and analyzed:

@ high levels ofdemand-side management program
savings,

@ very extensive industrial electrification, and

@ high penetration of electric vehicles.

For each scenario for each of the three Southern
California utility planning areas, a demand forecast
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where EP(f,p,s,t) == emission projections for fuel f for
pollutant p in year t for sector s.

EI(f,p,s,1987) == base year emission inventoxy.
SCF(f,p,s,t) == sectoral emission control factor

representing the influence of all current
control measures

FUEL(f,s,t) == amount of energy consumed in sector s
for fuel f in year 1.

Stationary Source Emission Projections

A simplified stationary source fuel combustion
emission projection model that utilizes the 1987
base year emission inventory described above, along
with el demand forecasts (natural gas, petroleum,
and other) corresponding to each fuel source of
emissions to project future emissions, was developed
at the Commissions For each fuel and for each
pollutant, this can be expressed as

and associated resource plan were prepared to
determine the energy demand and generation
resource requirements of the scenario in comparison
to a baseline forecast and resource plan9 In addition,
the emission implications of each of these three
scenarios were assessed to determine the relative
change in emissions, compared with the baseline,
associated with these three quite different
approaches to emission reductions.

The purpose of this analysis is to explore the
magnitudes of changes in key descriptors of the
energy system and air quality of the South Coast
region as a result of scenarios that are significant
departures from the baseline. All of these scenarios
go well beyond what the Commission is likely to
include within the scope of ER-90 decisions,
because the Commission uses evidentiary criteria to
determine policy or resource addition commitments
that SCAQMD's AQMP does not meet..

The energy demand results of these strategies (Jaske
1990) are decreases in traditional uses of natural gas
and vehicle fuels, with increases in electricity usage
relative to the baseline forecast The success of
SCAQMD's strategydepends strongly on the charac
teristics of the generating resources which supply
the needed electricity (McAuliffe 1990)..

EP(f,p,s,l) = EI(f,p,s,1987)*SCF(f,p,s,t)
$ [FUEL(f,s,t)/FUEL(f,s,1987)]

(5)

The total fuel combustion emissions for each pollut
ant is simply the sum over the three individual fuel
type emissions. Recall from Table 1 (Part B) that
natural gas provides the majority ofenergy used and.
emissions from the stationary sector,. Petroleum fuel
use and emissions are much smaller in this sector.
Other fuel energy use and emissions are generally
smaller still, although some unusual categories of
emissions appear in this later grouping of fuels, e9g.,
use of catalytic coke in refineries..

Scenario Definitions

The three scenarios are closely related, but not
identical to, components of the control strategy
embodied in the SCAQMD 1989 AQMPs In the
AQMP, all three elements are pursued simultane
ously. Each of these scenarios pursues different
emission targets and the combined case represents
the influence of each of the three individual
elements41

High DSM Scenarios This scenario is defined to be
a 30 percent reduction in electricity and natural gas
usage by the year 2009 for each of the residential,
commercial building, and commercial industry
(TeD) sectors compared to the baseline demand
forecast This is a major energy savings which is two
to three times as much as will have been accom
plished by that year by all California's building and
appliance standards and all other programs now
considered to be committed. CEC Staff are working
with SCAQMD to prioritize feasible DSM actions
given the DSM efforts already underway in
California..

Ind.u.strial Electrification Scenario.. This scenario
assumes major fuel switching from natural gas to
electricity and substantial combustion efficiency
improvements. By the year 2009, industrial electric
ity usage is 50 percent higher than in the baseline,
while natural gas consumption is 35 percent lower..

High Electric Vehicle Scenario.. This scenario
assumes that electric vehicles for the automobile,
light truck, and medium duty truck classes achieve
20 percent penetration by 2000, and 70 percent
penetration by 2010.. The remainder is fueled by
gasoline and diesel fuels ..



Results

Table 3 provides summary results for the baseline
forecast for several key energy and emission
variables, and the impact of each of the three
scenarios (and the combination of them) on this
baseline~ In each case the emissions reported are
from the direct end-use consumption of fuels, and
do not include the powerplant emissions associated
with generation of the electricity consumede

End...User Results.. For the High DSM scenario,
substantial savings of natural gas energy result in
small reductions of emissions for the criteria
pollutants and CO2& The natural gas results, major
changes in fuel usage with minimal change in emis
sions, may not seem proper" These can be reconciled
with reality by observing that Table 1 reports very
small proportions of emissions from the fuels sold
by the utility; the bulk of emissions come from
vehicle fuelse For the Industrial Electrification
scenario, the natural gas reductions are only one
half of the High DSM case, but the emission reduc
tions for the criteria pollutants are nearly as large.
Substantial electricity increases occur as a result of
fuel substitution and powering of emission control
equipment.. This work reveals that the industrial
electrification scenario achieves greater criteria
pollutant emission savings in absolute magnitude
than does the high DSM scenario for an equivalent
level of natural gas reduction" Industrial combustion
processes are currently "dirtier" per unit of natural
gas combusted" The High EV scenario has electric
energy increases somewhat greater than the indus
trial electrification case, but has essentially no peak
demand impacts at aU, and has far greater reduc
tions in fuel combustion emissionse The small peak
demand impacts relative to increases in the

EV scenario result from the highly VVlI.•.I..IIl.JI..ILI8.I,;JIioJL'loo'

assumption that utility load control will ensure that
the great majority of the battery recharging load will
take place at night.. The combined case results in
major flattening of the load duration curve as the
peak demand is reduced and the annual energy is
increased in comparison to the baseline.

The High Electric Vehicle case is the only scenario
that achieves major reductions in criteria pollutants
and relative to total end-user levels for the
basin~ Transportation fuel demand forecasting

merits greater attention due to the large share of
emissions from vehicle fuel usage..

Electric PowerpIant Impacts.. Electric powerplant
emissions are a small share of the base year emis
sion inventory for SCAQ , and the absolute value
of these emissions is expected to decline for some
years as a result of control measures imposed on
utilities by SCAQMD ruless McAuliffe (1990)
reports the corresponding electric power generation
emission changes of these three scenarioss For each
scenario a modified resource plan was developed to
supply electricity at the level required.. The baseline,
and each scenario, were evaluated using the produc
tion cost model ELFIN to determine fuel usage and
emissions" For example, in the High DSM scenario,
emission savings are larger than the end-user
natural gas reduction because electricity consump
tion is also reduced, thus reducing powerplant fuel
usage and emissions.. In the other two scenarios,
power generation emissions increase as additional
electricity is used to substitute for combustion of
fuels by the end-user"

FURTHER DEVELOPMENT

The results of this exploratory analysis indicate that
energy demand forecasts can be successfully used as
a basis for emission projections, and that emission
control measures now under discussion in Los
Angeles would have a major effect on energy
demand. Not surprisingly, changes in energy demand
can have significant impacts on end-user emissions..
The scenarios assessed here provided some prelimi
nary indications of the consequences of SCAQMD's
control strategies.. DSM control strategies in the
residential and commercial sectors appear to offer
limited benefits because their share of the emission
inventory is small.. More in-depth analysis is needed
to develop policy recommendations for these control
strategies"

Follow...up Recommendations

As a result of this analysis, several additional steps
need to be taken:

@ Completion of the initial version of the
integrated energy/emission projection model
described above.
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Table 3~ Summary ofResults for the SCAQMD Region.

Electric Energy (Gwh)
BaseLine Forecast
High DSM Impact
Indust Elec Impact
High EV Impact
Combined Impact

Peak Demand (MY)
BaseLine forecast
High DSM Impact
Indust Elee Impact
High EV Impact
Combined Impact

Natural Gas (milL~ therm)
Baseline Forecast
High DSM Impact
Indust Elec Impact
High EV Impact
Combined Impact

Transport Fuels (millG gallons)
Baseline Forecast
High DSM Impact
Indust flec Impact
High EV Impact
Combined Impact

NOx Emissions (tons/day)
Baseline Forecast
High DSM Impact
Indust Elec Impact
High EV Impact
Combined Impact

ROG Emissions (tons/day)
Baseline Forecast
High DSM Impact
Indust flec Impact
High EV Impact
Combined Impact

C02 Emissions (tons/day)
Baseline Forecast
High DSM Impact
Indust flee Impact
High EV Impact
Combined Impact

128,260 147,962
-15,661 -31,824
... 8,580 +16,277
+18,812 +29,438
+11,731 +13,891

29,521 34,682
.. 4,099 - 8,435
+ 1,443 -+ 2,766
-+ 243 + 380
- 2,413 .. 5,288

8,543 8,888
726 .. 1,317
386 722

0 0
.. 1,112 .. 2,039

6,135 5,422
0 0
0 0

-1,226 -2,645
-1,226 -2,645

721 .. 1 694GB
- 8 .. 1 .. 14,,8
- 6 .. B - 12,,7
- 66 .. 3 -142,,6
- 81 .. 2 -170" 1

337,,0 305~8

- 0,,5 .. O~8

- 0,,6 .. 1~2

eo 51~1 -107 .. 9
.. 52,,2 -109 .. 9

320 1 990 308,275
-11,779 "21,360
- 6,272 -11,711
-31,970 -69,208
-50,023 -102,278

Note: fferent regions are used in this anaLysis0 ELectricity
and natural gas are forecast at the level of pLanning areas for major
utilities~ and ROG are projected for the SCAB, while C02 is
projected gas demand at the planning area Level~

@ Further communication between the
and ARB base year

emission inventories and development of
to the current SCAQMD/ARB

method of emissions for fuel
combustion sources..

@ Improved understanding of stationary fuels usage
within the SCAQMD region, especially for
petroleum and other liquid fuels.

• Improvements in the SCAQMD/ARB emission
inventory to resolve ambiguities regarding the
correlation of fuel combustion and emissions.



e Additional studies to assess the energy demand,
emission, and cost implications of specific air
quality control strategies"
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