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I  1ntroduction [N

his past year has been exciting
T and eventful for the Energy

Analysis Program. The Program
continued its long-term growth, increas-
ing expenditures and staff by more than
20%. The largest increases occurred in
two areas: 1) energy demand forecast-
ing and end-use policy analysis and 2)
international energy studies.

This growth has in many ways reflect-
ed the increasing concern the nation is
showing for energy and environmental
issues. Nineteen ninety-two marked
the first year in more than a decade that
Congress passed national energy legis-
lation. In particular, we are pleased
that the final legislation included a large
number of provisions for enhancing
energy efficiency programs and policies.
The bill mandates expanded activities
- in appliance efficiency standards, build-
ing standards, federal energy manage-
ment, among others. These are all areas
in which the Energy Analysis Program
has played a very active role in support
of DOE programs. We likely will be
called upon to advise in expanded roles
in the future.

A second major event of the past year
was the United Nations Conference on

Environment and Development
(UNCED) in Brazil. Many believe this
conference initiated an intense aware-
ness of the importance of a range of
environmental issues that contain, in
aggregate, global impacts. The Energy
Analysis Program played a key role in
two of the small number of programs
that the United States offered the devel-
oping world at UNCED. The first is the
ADEPT program (Assisting Deployment
of Energy Practices and Technologies).
Along with colleagues from Oak Ridge
National Laboratory, we proposed this
new program to DOE and helped define
many of its objectives. We were pleased
that our government adopted it as a
contribution to the UNCED process, and
we look forward to working with DOE,
other national laboratories, and private
firms in carrying out the program.
Similarly, we played an important role
in supporting the concept of country
studies to assist researchers in develop-
ing couintries to formulate responses to
global climate change. We have already
begun working with DOE, the U.S. En-
vironmental Protection Agency, and the
U.S. Department of State to design the
country study process.

The Program became deeply involved

in establishing a Washington, D.C.,

project office during the last few months
of fiscal year 1992. This project office,
which reports to the Energy & Environ-
ment Division, will receive the majority
of its support from the Energy Analysis
Program. We anticfpate héving two
staff scientists and support personnel in
offices within a few blocks of DOE. Our
expectation is that this office will carry
out a series of projects that are better
managed closer to DOE. We also antici- |
pate that our representation in Wash-
ington will improve and we hope to
expand the Program, its activities, and
impact, in policy-relevant analyses.

In spite of the growth that we have
achieved, the Program continues to em-
phasize 1) energy efficiency of build-
ings, 2) appliance energy efficiency
standards, 3) energy demand forecast-
ing, 4) utility policy studies, especially
integrated resource planning issues,
and 5) international energy studies,
with considerable emphasis on devel-
oping countries and economies in tran-
sition. These continuing interests are
reflected in the articles that appear in
this report.
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. Building Energy Analysis

-' Load Shapes and End-Use Intensities for Commercial Buildings
in Northern and Central California

This study focuses on the application
of the LBL end-use load shape estima-
tion technique and the development of
a database of commercial sector end-use
load shapes and end-use intensities (EUIs).
The database will be used by the Cali-
fornia Energy Commission and Pacific
Gas and Electric Company in their com-

"mercial energy and peak-load-forecasting
models. The LBL technique relies on
reconciliation of whole-building hourly
electricity load data to energy simula-
tions, which are developed from de-

Guidelines for Using Energy Management and Control Systems
to Monitor Building Performance

Although expensive, effective moni-
toring of energy consumption and
building operations is an important
part of conservation savings analysis,
Energy Management and Control Sys-
tems (EMCSs) contain much of the same
equipment that is usually installed for
monitoring and often can be used for
that application as well. Since EMCSs
are installed in an increasing number of
commercial buildings, the addition of
conventional energy-monitoring equip-
ment can be redundant.

EMCSs are not, however, usually de-
signed with monitoring in mind. The
characteristics of an EMCS are deter-
mined by building needs rather than by
monitoring needs, so EMCS-based
monitoring can encounter several com-
plicating factors. Differences between
the EMCS models, the installed options
at sites with the same model, or the de-
gree of system utilization at a site can
mean the difference betweeri a system
that can be immediately used for moni-
toring and one that cannot be used at all.

We developed guidelines for EMCS
monitoring based on our evaluation of
monitoring procedures in earlier case
studies. The guidelines discuss how to

tailed survey data. The outcome of the
project is a set of reconciled load shapes
for as many as 10 end uses in all build-
ing types modified; the EUIs are then
indexed for three building vintages and
technology combinations.

The study is carried out in two phases.
In Phase I, we developed load shapes
and EUls for offices and retail stores. In
Phase II we collect data from buildings
including grocery stores, restaurants
(fast-food, sit-in), warehouses (refriger-
ated and non-refrigerated), health facili-

determine if the necessary elements are
present and what to do if they are not.
The guidelines also discuss the devel-
opment of EMCS-based monitoring
technology and the advantages that can
be realized. .

In a demonstration using a Barrington
Systems EMCS installed at LBL, we col-
lected data on one of the Laboratory’s
buildings. The Barrington Systems EMCS
has several methods of collecting data.
The simplest method includes the fol-
lowing:

¢ The EMCS automatically records
the values of 3000 measurement points
on its host computer and calculates av-
erages at several intervals;

* Upon request, history reports can
be saved to the host computer’s disk in
a spreadsheet data file.

¢ The suipervisory control routines on
the host computer can be used to issue
automatic requests as often as necessary
(e.g., once a day to obtain hourly data).

* Once on the computer, these data
files can be transmitted to 4 remote com-
computer. The method chosen in the
demonstration used the file-transfer
capabilities of the PCAnywhere remote
control program. Access can be password-

ties, educational facilities, and hotels
(motels). We focus primarily on electri-
cal end uses including cooling, ventila-
tion, lighting, cooking, refrigeration,
water heating, office equipment, and
miscellaneous equipment. The hourly
load shapes are aggregated to produce
12 monthly load shapes for three day-
types (peak, standard, and non-standard)
and integrated to produce annual EUlIs.

PN [vcstigators N
H. Akbari
J. Eto

protected, and the program is complete-
ly transparent to the users of the EMCS.
It is important to note:that in our
work no specialized remote monitoring
routines were used; we relied exclusive- -
ly on “off the shelf” software. Many
different EMCS models have these same
capabilities; however, the measuring
methods used in each case can be quite
different, often requiring specialized
software. Coordinated research efforts
are needed to ensure that the develop-
ment of this technology meets the needs
of building owners and operators and
the utilities and building scientists who
are interested in collecting energy data.

Reference

Heinemeier K, Akbari H. Proposed
guidelines for using energy management
and control systems for performance
monitoring. In: Proceedings of the ACEEE
1992 Summer Study on Energy Efficiency in
Buildings, August 30-September 5, 1992.
Vol. 3. Washington, DC: American
Council for an Energy-Efficient Economy,
1992, pp. 3.111-3.120.
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Implemention of energy-efficient im-
provements in HUD-assisted housing
will likely encounter some unique and
formidable difficulties. Two critical is-
sues for local housing agencies are the
selection of the most cost-effective ret-
rofit measures and the availability of
funds to install and maintain these mea-
sures. Another important issue identi-
fied in public housing from previous
LBL studies is how well the energy sav-
ings resulting from energy conservation
measures will persist over time.

During this fiscal year, we analyzed
the post-retrofit energy performance of
selected measures in 24 public housing
projects located in New York, NY; Phil-
ipsburg, NJ; San Francisco, CA; and
Trenton, NJ, for up to four years after
initial installation. This analysis used
the Princeton Score-Keeping Method
(PRISM) and considered climate varia-
tion, type of building and occupant,
type of conservation measure, and pre-
retrofit energy use. The general ap-
proach used in this study followed
three major steps. First, we collected
utility data and other pertinent infor-
mation (é.g., building characteristics,
types of retrofit measures, occupant
vacancy rates) from local housing agen-
cies and updated our existing database
on the public housing sector. Second,
using PRISM, we normalized energy
use for annual changes in weather to
adjust the weather-sensitive component
of space-heating fuel use. Also with
PRISM, we regressed monthly energy
use against daily average temperatures
to estimate the normalized annual con-
sumption (NAC). Finally, we normal-
ized the energy use at each project by
the number of apartment units in order
to make comparisons on a per-unit ba-
sis. This normalization included a con-
sideration of vacancy rates.

Several conclusions can be drawn
from this analysis. First, the extent to
which energy savings endured depended
on the type of retrofit measure installed
and the level of routine maintenance

provided. The lack of adequate mainte-
nance and improper operation of equip-
ment drastically reduced the potential
energy savings from the various equip-
ment measures. For example, first year’s
savings did not persist in the heating
control cases in three of the four Trenton
projects (Figure). Second, we found
that energy savings were strongly cor-
related with pre-retrofit consumption
levels: large energy users generally saved
more energy after the retrofit. Third,
even though savings did not persist at
some of the individual projects, signifi-
cant median savings in the range of 5%
to 44% were found over the full retrofit
period with all but one of the retrofit
strategies. Fourth, a major problem—
the lack of credible data on building
characteristics, vacancy rates, retrofit

Opportunities for Energy-Efficiency Improvements in
HUD-Assisted Housing

selection, and maintenance practices—
continues to exist in any study of public
housing. Finally, we strongly suggest
the need for tracking of monthly energy
consumption in order to identify “prob-
lem” projects and buildings and to as-
sist in the proper selection of retrofit
measures.

Reference

Ritschard R, McAllister A. Persistence of
savings in multifamily public housing. In:
Proceedings of ACEEE 1992 Summer Study
on Energy Efficiency in Buildings, August 30-
September 5,1992. Vol. 4. Washington, DC:
American Council for an Energy-Efficient
Economy, 1992, pp. 4.201-4.215.
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Peak Power and Cooling Energy Savings from Trees and White
' Surfaces in Sacramento, California

The direct effects of high-albedo coat-
ings and shade trees on microclimates
and cooling energy use were examined
by monitoring several buildings in Sac-
ramento. Of seven buildings monitored
during 1991, four were re-instrumented
in 1992 to monitor the indoor environ-
mental conditions, outdoor microcli-
mates, and cooling electricity use. Vari-
ables were logged every 20 minutes for

LBL Energy & Environment Division: Energy Analysis Prqgrdm 1 99% Annual Report

the period July 1 to October 15, 1992.
These variables included:

¢ Solar radiation on vertical and hori-
zontal surfaces,

* Wind speed,

e Wind direction,

* Surface temperatures at several
outside and inside points (roofs,
walls, ceilings, attics, etc.),

10 {
O Before
& 84 A After
a 1
& 61
o -,
£ 4.
z ]
2 4
0 7WWWMM
B i LSRR LR BLELELELELEL LA L L L LA AL |
20 25 30 35 40 45
Daily Maximum Outdoor Temperature (C)
EER Figure 1.
Daily energy use vs. daily maximum outdoor air temperature before and after
whitening the roof. The albedo was 0.18 before coating and 0.79 afterward.
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BEBl Figures 2a (above, left), 2b (above, right).
Daily energy use vs. maximum daily outdoor air temperature at two sites
before and after vegetation was installed.

* Supply and return air temperatures,

* Indoor and outdoor air temperatures,

* Indoor and outdoor relative humid-
ities,

¢ Air conditioner (condenser) elec-
tricity use.

Two buildings were tested for albedo
modifications and two were tested for
the impacts of shade trees. In one of the
albedo tests, we continued to monitor
the high-albedo roof to study the impli-
cations of high-albedo coatings over a
variety of weather and insolation condi-
tions (Fig. 1). In the other albedo test
(two school bungalows), one unit was
already coated white in 1991 and we
continued to monitor it. The other unit
(originally metallic) underwent two
modifications during the summer of
1992: from metallic to brown and from
brown to white. The performance of
this unit was compared to the perfor-
mance of the unaltered 1991 white unit.

The other two buildings were monitored
to demonstrate the effects of shade trees.
Eight tall trees (8 m tall, 4 m wide) and
eight smaller trees (3 m tall, 2 m wide)
were installed at one of the two vegeta-
tion sites for a full month. The trees
were then moved to the other site for the

‘remaining 1.5 month of the monitoring

period. Each of these sites yielded at
least one month’s data for both the bare
and “treed” exposures (Figs. 2a, 2b). We
are continuing to analyze data from the
1992 experiment.

Reference

Akbari H, Taha H, Sailor D, Bos W.
Measured savings in air conditioning
from shade trees and white surfaces. In:
Proceedings of the ACEEE 1992 Summer
Study on Energy Efficiency in Buildings,
August 30-September 5,1992. Vol. 9.
Washington, DC: American Council for an
Energy-Efficient Economy, 1992, pp. 9.1-
9.10.
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- Alternative to Compressive Cooling in the California
Transition Climate Zones

The use of compressor-based cool-
ing systems is growing rapidly in Cal-
ifornia as more housing is constructed
inland from the coastal urban centers.
These inland areas—the California
Transition Climate Zones—experience
warmer summer weather than coastal
zones, but temperatures do not reach
the extremes of the Central Valley.

For utility companies, the residential
cooling-load profile is very disadvan-
tageous, with sharp peaks that gener-
ally coincide with system peaks in the
late afternoon. Paradoxically, since
the cooling requirements in most Cal-
ifornia climates are not severe, this
cooling load can be avoided or cur-
tailed by improving. the design and
operations of typical houses so that

they will not require air conditioning.

The objective of this study is to
demonstrate that, with proper design
of the building shell and equipment
and smart control strategies, typical
residential buildings in the California
Transition Climates Zones can main-
tain indoor comfort without using air
conditioning. This project represents
a major effort by the California Insti-
tute for Energy Efficiency to investi-
gate how this residential cooling load
can be avoided.

The project started in Fall 1992 and
will continue for three years. A team
of seven researchers from LBL and
four California universities will take a
multi-disciplinary approach to inves-
tigate the technical, architectural, and

sociological issues related to potential
non-compressive cooling strategies.
The first project year will be devoted
to studying the technical performance
of strategies such as natural and forced
ventilation, evaporative cooling, ther-
mal mass, optimized controls, and the
institutional and sociological barriers
to adoption of such strategies (Table).
In the following two years, the project
team will collaborate with builders and
utility companies to design, construct,
and monitor several demonstration
houses.

EEEEREEEE ivestigator BN
Y.]. Huang

Bl Table.
First-year tasks of the research team.
Y.J. Huang 1 Characterize climate and building load
LBL characteristics in TFransition Climate Zones;
2 Identify appropriate alternative cooling
strategies using existing analytical capabilities;
3. Model evaporative cooling;
4. . Overall research coordination.
H. Feustel, 1 Couple air-flow model with the DOE-2 bldg
LBL energy model;
: 2 Investigate effective ventilation strategies.
F. Winkelmann, 1. Improve convective coupling model in DOE-2;
LBL 2 Work with Huang and Feustel to add
evaporative cooling and ventilation
modifications to DOE-2.
H. Wy, L Improve evaporative cooler designs and
Cal Poly operations; v
Pomona 2 Integrate architectural alternative strategies.
E. Arens, 1. - Test chamber studies of human comfort under
UC Berkeley air movement and increased humidity
conditions. :
B. Givoni, 1 Monitor test buildings for effects of thermal
UCLA mass, ventilation, and evaporative cooling;
2 Provide data support for computer models by
. Feustel, Huang, and Winkelmann.
B. Hackett, 1. Identify sociological, institutional, and industry
UC Davis barriers affecting public acceptance of

alternative cooling strategies.
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Residential Heating and Cooling Loads Component Analysis -

According to-the 1987 Residential
Energy Consumption Survey, the
heating and cooling of U.S. residential
buildings is responsible for 5.4 Qua-
drillion Btus per year of site energy
use. As a major research sponsor, the
Office of Building Energy Research at
DOE is interested in evaluating the
potential impacts of different technol-
ogies on the residential energy con-
sumption at a national level. This
study represents an initial step toward
this assessment by quantifying the
approximate contribution of major
building components, i.e., roofs, walls,
foundations, infiltration, windows
(solar and conduction), and internal
gains to the total heating and cooling
loads of the U.S. residential stock
(Figure). These results can then be
used to assess accurately the energy-
conserving potentials of new residen-
tial building technologies.

The analysis builds upon three pre-
vious LBL studies. The first two stud-
ies defined sets of single-family and
multifamily building prototypes to
represent the range of climates, build-
ing vintages, and conservation levels
in the national residential building
stock. The third study used the DOE-2
building energy simulation program
to quantify the heating and cooling
loads of various building components
based on the building type, climate,
and the thermal characteristics of that
component. In this project, we com-
bined the building characteristics from
the first two studies with the compo-
nent loads calculated in the third
study, and then multiplied the calcu-
lated component loads by the estimat-

ed building population by building
type, vintage, and location.

The results are presented as a series
of charts that show the component
loads for the major subsectors of the
residential building stock stratified by
building type (all types, single-family,

-and multifamily); vintages (older un-
insulated buildings, older insulated
buildings, and new buildings); and
location (national, north /south regions,
and census regions). Lastly, the esti-
mated heating and cooling component
loads for a reduced set of building
prototypes are used to make some
simple technology assessments.

s

References

Hanford JW, Huang YJ. Residential Heating
and Cooling Loads Component Analysis.
Lawrence Berkeley Laboratory Report
No. LBL-33102, 1992.

" Ritschard RL, Hanford JW, Sezgen AO.

Single-Family Heating and Cooling
Requirements: Assumptions, Methods, and
Summary Results, Gas Research Institute
Report No. GRI-91/0236 (also as
Lawrence Berkeley Laboratory Report
No. LBL-30377), 1992. -
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| . Building Energy Data

Multiyear Energy Performance of New, Low-Energy Commercial Buildings
in the Energy Edge Program

The Energy Edge Program, spon-
sored by the Bonneville Power
Administration, involves 28 buildings
designed to use 30% less energy than
a baseline building built to meet the
regional energy code, the Model
Conservation Standards (MCS).
Computer simulation models calibrat-
ed with end-use data are used to esti-
mate the energy savings from each
-efficiency improvement. We have
examined building energy use, the
results of the simulation models, and
issues in the evaluation methodology.

The 28 Energy Edge buildings as a
group are using more energy than
predicted, but are, for the most part,
low-energy buildings. Based on the
results from the first five tuned mod-
els, the measures are saving 13% less
energy than predicted. Lighting mea-
sures as a group are saving more than
predicted, but HVAC and envelope
measures are saving less. Based on
two years of utility bills, the average
energy use for twelve offices is about
13 kWh/ft*-year, slightly higher than
predicted, but well below regional
benchmark data (Figure). Energy
consumption for all 28 buildings,
based on the third year of utility bills,
is increasing in 60% of the buildings.

Some of the increase in energy use
beyond predictions is because of poor
commissioning and operations and
maintenance practices. This was il-
lustrated in one building where the
increase in heating energy froma
damper stuck in the “open” position
was greater than the energy savings
from economizer cooling. A pilot
commissioning project showed how
implementing the time-clock functions
as intended with the energy manage-
ment and control system to control the
unitary heat pumps and lights re-
duced annual energy use by about 8%.

We recommend that future evalua-
tion activities include more hands-on
diagnostic testing and the use of mon-

6

itored data to provide timely feed--
back to building operators.
Continuing work includes evaluating
the cost effectiveness of individual
measures from the calibrated models
and tracking performance of the
measures over time. We will also
compare results from the Energy
Edge buildings with the region’s
full-scale new commercial construc-
tion program, which uses prescriptive
calculations to assign rebate levels

standard packages of energy
efficiency measures.

Reference

Diamond RC, Piette MA, Nordman B, de
Buen O, Harris JP. Energy Edge Impact
Evaluation: Middle Overview. Prepared
for the Bonneville Power Administra-
tion. Lawrence Berkeley Laboratory
Report No. LBL-32764, 1992.
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Alternative Strategies for Reducing Refrigerator Energy Use -

Although utility companies have
collected considerable data on the
energy use and load shapes of resi-
dential refrigerators, they generally
have little information about the
changes in energy use resulting from
conservation programs. We report
here the measured changes brought
about by two conservation strategies:
professional maintenance of older
refrigerators and replacement of older
refrigerators with new, efficient
models.

The initial objective of the study
was to estimate long-term energy
savings from cleaning the coils and
replacing broken gaskets in older.
refrigerators. Twenty-seven customers
in northern New York state, with
refrigerators older than 10 years, were
recruited to participate. The electric-
ity use of the participants’ refrigera-
tors was monitored for one year at
30-minute intervals. This served as
our baseline for subsequent measure-
ments. Average electricity use was
high—2100 kWh/year—but typical of
16-year-old refrigerators.

After one year, the utility hired two
professional refrigerator contractors
to inspect the refrigerators. They
were instructed to check and record
the extent of dirt and fouling on the
condenser coils and to clean them.
Next they inspected the gaskets and
replaced any appearing to be cracked
or otherwise providing diminished
service. The contractors were also in-
structed to perform any other minor
repairs that would affect the refrigera-
tors’ performance. Energy-use
monitoring continued for a second
year.

The changes in energy use were
calculated from the pre- and post-
measurements. For the 27 refrigera-
tors examined, the average electricity
consumption increased 50 kWh /year
(2.5%) (Figure). These numbers sug-
gest that coil cleaning and gasket re-
placement, even if performed by
professionals, are not reliable conser-

vation measures. Closer examination
of the individual refrigerator data ex-
plained part, but not all, of the
counter-intuitive results. Some of the
refrigerators originally had relatively
clean coils and others received gas-
kets that did not seal as well as the
original factory-installed pieces.
Finally, the contractors fixed some
problems (broken baffles, inoperative
fans, etc.) that improved the quality
of refrigeration, i.e., produced lower
or more uniform temperatures, which
may have increased energy use.
Nevertheless, we found nothing in
the contractors’ descriptions of the
refrigerators’ condition that corre-
lated with energy savings. We con-
clude that refrigerator maintenance
programs—whether performed by
the occuparits or skilled contractors—
are unlikely to save significant
amounts of energy.

4,500 T

In the second phase of the project,
the occupants received new refrigera-
tors. The new units were generally
larger and equipped with more fea-
tures than the units they replaced.
Monitoring continued for a third
year. The new units consumed on
average only 869 kWh /year, or 60%
less than the units they replaced.
Moreover, the variability in energy
use among customers was much less
than among those witholder units. -

Programs to upgrade existing
refrigerators are expensive and un-
likely to save significant amounts of
electricity. The most effective conser-
vation program for refrigerators is re-
placement of old units with new,
efficient ones. ' '
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-. Synthetic Energy-Use Data

In the next decade, utility companies
will rely increasingly on measured data
to verify the savings from their energy
conservation programs. Several tech-
niques have been developed to translate
customer bills and building-monitoring
data into estimates of building perfor-
mance and energy savings. Most involve
regressions of energy use against driving
factors such as outside temperature and
solar gain. The regression parameters
are then used to estimate long-term
performance and savings from retrofits.
However, the relationship between the
regression-derived parameters and
thermo-physical properties of the building

is poorly understood. When do changes -

in the regression parameters correspond
to physical changes in a building’s ther-
mal characteristics? We investigated
these relationships for one of the most
widely used regression techniques, the
Princeton Score-Keeping Method (PRISM).

“Synthetic” monitored data were cre-
ated to remove the uncertainty in con-
struction details and occupant behavior
in real buildings. The synthetic data
were generated from DOE-2 simulations
of typical buildings. By simulating pro-
to typical houses, the heat-loss coefficient
(the “UA") is known exactly. The hour-
ly DOE-2 energy outputs were then ag-
gregated to resemble utility bills (the
most common input for PRISM). This
procedure allows PRISM and other
measurement-based.techniques to be
evaluated under ideal conditions.

We evaluated PRISM parameters using
synthetic data for houses located in
Minneapolis, Minnesota, and San Fran-
cisco, California. For the cold Minneap-
olis climate, the PRISM regression
parameters closely matched the physi- -
cal attributes of the models, although
tracking retrofit savings for small im-
provements appeared problematic. For
San Francisco, the PRISM slope overes-
timated the building heat transfer coef-
ficient, probably due to some heating
being accounted for in the constant
energy-use parameter.

-

Synthetic data are being used to assess
PRISM parameters for typical houses in
the Northwest. The building models in-
clude 36 houses that have varying levels
of insulation, thermal mass, and ground
coupling. Although the occupants in

simulated buildings are generally “well .

behaved,” i.e., stylized, we introduce
irregular behavior by including occu-
pancy schedules, seasonal appliance
use, and variable thermostat settings.
Results for the simplest case studies
are presented (Figure). The 12 houses
have four insulation levels and three
mass levels. For the cases presented,
PRISM'’s slope is a good indication of

‘the heat-transfer coefficient in the low-

B Figure.

mass buildings. The slope overestimates
the coefficient for the higher mass
buildings, although it follows the change
in the coefficient as insulation increases.

Reference

Minehart D, Meier A. Using simulations to
explore the physical meaning of PRISM’s
parameters. In: Proceedings of the ACEEE
1992 Summer Study on Energy Efficiency in
Buildings, August 30-September 5, 1992.
Vol. 4. Washington, DC: American

- Council for an Energy-Efficient Economy,
1992, pp. 4.145-4.155.
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Approximately 50 million residential
energy-saving retrofits have been im-
plemented in the last decade, but data
remain sparse since retrofits are under-
taken by individuals, utilities, and gov-
ernment agencies. Adding to this, the
energy-conservation industry is frag-
mented ‘with few large suppliers and
national associations. The lack of de-
tailed information on residential retro-
fits and their actual energy savings
hampers the creation of policies that en-
courage cost-effective retrofits.

This project seeks to obtain a snap-
shot of residential conservation activity.
Much of the project focuses on account-
ing for the actual number of conserva-
tion measures that have already been
installed. Also of interest are the kinds
of retrofits undertaken, historic and cur-
rent rates of retrofitting, the types of
buildings that have been retrofitted,
and the stock of buildings not yet retro-
fitted.

No single source of data offers a com-
prehensive assessment of residential
retrofit activities. With the exception of
data gathered through the Department
of Energy’s Residential Energy Con-
sumption Survey (RECS), retrofit data
are scattered and inconsistent. Many
sources provide insights into specific
aspects of the activities but are limited
to small areas, small groups of projects,
or a single technology. To obtain a
comprehensive overview, data must be
pieced together from numerous sourc-

" es.

For ‘example,_ many utilities collect
data on retrofit activities such as the
amount of insulation sold, the results of
homes audits, and so on in their own
service areas. Most utilities also period-
ically conduct customer surveys (com-
monly called residential appliance
saturation surveys or RASSes) to moni-
* tor appliance purchases, conservation
activities, and customer attitudes. Ex-
amples of conservation measures sur-
veyed in a typical RASS are floor
insulation, wall insulation, attic or ceil-

LBL Energy & Environment Division: Energy Analysis Program 1992 Annual Report

, Fifty Million Retrofits Later:
Progress and Prospects for Residential Energy Conservation

ing insulation, storm doors, storm win-
dows, caulking and weatherstripping,
and water flow restrictors. We have
collected nearly 100 RASSes. Our col-
lection offers a more complete picture
than RECS because the cumulative sam-’
ple size of our RASSes is over 90 times
that of RECS. V

Other sources of conservation activity
data include individual corporate man-
ufacturers of conservation supplies, in-
stallation companies, and indhstry
organizations involved in the residen-
tial energy-conservation market (insula-
tion, fenestration, heating and
air-conditioning equipment, appliances,
etc.). Data from these sources provide
additional estimates of retrofit progress.
By linking the various sources of data
into a comprehensive study, this project
will obtain a snapshot, or mosaic, of
conservation measures already imple-
mented and the rate at which imple-
mentation is occurring. When
assembled, these data can be represerit-
ed geographically. For example, one
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might expect that the saturation of
homes with either multi-pane or storm
windows would be higher in the colder
Northern states (Figure). This is indeed
the case, but the variation among re-
gions suggests that the trend is not uni-
form. At the same time, parts of the
Middle West have unusually high satu-
rations of multi-pane/storm windows.
Special, localized policies—rather than
a single national policy—may be war-
ranted to encourage window retrofits
(and other conservation measures) in
those areas still lagging.

The tabulation of energy-saving con-
servation measures will provide data to
improve forecasting, program and poli-
cy development, industry coordination, .
and retrofit research planning. The tab-
ulation will also provide data for esti-
mating the actual energy savings
associated with these retrofits.
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- Miscellaneous Electrical Energy Use In Homes

The “miscellaneous” use of electricity
in homes refers to that energy not con-
sumed by the standard end uses such as
space heating, refrigeration, and water
heating. Historically, this use has been
estimated as a residual by subtracting
the estimates for the standard end uses
from the total. This procedure intro-
duces considerable uncertainty.

In this study, the saturations and unit
electricity consumptions were estimated
for over 35 appliances within the mis-
cellaneous category of residential elec-
tricity use in the United States. Based
on these estimates, the total national
electricity consumption of these appli-
ances was calculated. Altogether, the
miscellaneous appliances consume
about one-fifth of all residential electric-
ity. The five most significant appliances
in the miscellaneous category are: fur-
nace fans, color televisions, waterbed
heaters, microwave ovens, and dish-
washers (Figure).

. On a nationwide basis, no single ap-
pliance within the miscellaneous end -
use category consumes as much elec-
tricity as a standard end use. Ina
specific home, however, miscellaneous
uses can easily exceed the electricity
used by a water heater or refrigerator.
Some of these appliances, such as
waterbed heaters, aquariums, and pool
equipment, are already present in up to
15% of American homes and higher in
certain regions.

New appliances in the miscellaneous
end use penetrate the market very rap-
idly. Microwave ovens, VCRs, and

. computers were relatively rare only ten
years ago; now they are all presentin a
large fraction of homes. At least 300
million low-voltage transformers are
now used to power consumer electron-
ics. Most draw power (1-3 watts) even
when the appliance is switched off.

10

Similarly, electrical outlets equipped
with ground-fault interrupts draw
power continuously. The general
decrease in residential electricity use
caused by greater efficiency within the
standard end uses conceals active

" growth in the miscellaneous end use.

The linkage between an end use and
a specific appliance is weakening. This
is most evident in the cooking end use,
where once cooking was almost exclu-
sively performed with the stove but s
now shared among the stove, micro-
wave, toaster oven, coffee maker, and a
host of other specialized appliances.
The cooling end use is undergoing a
similar de-coupling as de-humidifiers
and ventilation equipmént (particularly
ceiling fans) are providing an increas-

TOTAL RESIDENTIAL ELECTRICITY

waterbed heater 3

standard end uses

ing share of the service. The decou-
pling trend has important implications
for energy efficiency investments and
programs. Efficiency investments in a
specific appliance will be harder to jus-
tify when the savings accrue to an ap-
pliance that is providing only, say, 40%
of the service.

Reference

Meier A, Rainer L, Greenberg S. The
miscellaneous electrical use in homes.
Energy—The International Journal 1992;
17(5):509-518.

B [vcstigators TR

A. Meier
L. Rainer
S. Greenberg

MISCELLANEOUS ELECTRICITY

pool pump
aquarium

microwave oven

- ,//// crankcase heater
- Z
o /a
- K spa
color TV, elee /‘5
ORRRRRRIK /" <
; >
R RR IR KK A | YRS SRRRK
5% %
[50025858% 15573
PO 74 4 4
el O
BRSO K
RO X
D> ek N q
o %
02020 %0% S LSE5RRRIERRKKNA
N GO R RRARK
KR EIRREILELILLRRRL
RS20 2%
DS
FRAREKS
. 020 20%6%%,
N ':’:’:‘:’:’:.
. G000, other
S
f BERRRKS
furnace fan KRR

L Figure.

The major components within the miscellaneous end use category.



LBL Energy & Environment Division: Energy Analysi; Program 1992 Annual Report

DEEP: Database on Energy Efficiency Programs -

Utilities and government have spon-
sored hundreds of energy efficiency
programs, and much has been learned
about how to operate programs that
achieve high participation rates and
high energy savings and that are cost-
effective to the utility and to society.
However, this information is not readi-
ly available to program analysts in-
volved in designing, implementing, and
evaluating programs conducted by
their own organizations. If all this in-
formation is collected and concentrated
in one place, the cost of obtaining such
information becomes considerably re-
duced, and the potential for comparing
programs and for synthesizing program
experience is facilitated: data on similar
programs can be summarized by mar-
keting and delivery approaches, incen-
tive mechanisms, and other program
features to identify indicators of suc-
cessful programs. These analyses can
be used to improve program effective-
ness and to develop more reliable de-
mand-side management estimates for
planning resources. Finally, by includ-
ing a limited amount of information on
the characteristics of the implementing
utility, program planners can assess the
transferability of the results to their
own service areas.

In the past year, LBL began creating a
national Database of Energy Efficiency
Programs. When completed, DEEP will
contain a description of each program
and its critical features: energy savings
and demand savings, participation
rates, program costs, and measurement-
evaluation methodologies. The infor-
mation in this database will be up-to-
date and directly accessible by individ-
uals and organizations interested in
designing, implementing, and evaluat-
ing energy efficiency programs. In ad-
dition, summaries of pertinent data and
lessons learned from programs like
new-residential, existing-commercial,

appliance-rebates, will be presented pe-
riodically.

In the past year, we developed the
first version of the database structure
and the data-collection instrument and
have started to collect evaluations of the
programs. Next year, we will conduct
the following activities: 1) pretesting of
database templates, 2) pretesting of the
data-collection instrument, 3) collection
of data on energy efficiency programs,
4) data entry and analysis of data quali-
ty, 5) preparation of lessons learned re-
ports, and 6) dissemination of database
information.

Two advisory groups provide guid-
ance to the activities undertaken in this
project: the Management Board and the
Technical Advisory Group. The Man-

agement Board provides advice at criti- -

cal junctures during the process of
designing and implementing the data-
base (e.g., selection of contractors,
initial scope of database, marketing
efforts). The Management Board is

composed of representatives of DEEP’s

co-sponsoring organizations. The Tech-
nical Advisory Group provides advice
and input to the design of the database
and in preparing data collection and
data analysis activities. The Technical
Advisory Group is composed of national
experts in program design, implemen-
tation, and evaluation.

Reference

Vine E, Wolcott D. DEEP: database on
energy efficiency programs. In: Proceed-
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Energy Efficiency in Buildings, August 30-
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Efficient Economy, 1992, pp. 7.253-7.255.
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. End-Use Forecasting .

The first part of this project assessed
the potential for improving the efficiency
of electricity use in the U.S. residential

The Potential for Efficiency Improvements in
Residential and Commercial Buildings

¢ improving the thermal performance
of new buildings and equipment;
* raising the efficiency of appliances

ing the supply curve in response to
extensive comments from reviewers,
calculating achievable potential from

as they are replaced;

* switching from electricity to natural

gas.

The reduction in electricity use by the
year 2010 is best shown in Fig. 2. The
maximum technical potential is about
400 TWh/year below the frozen-effi-
ciency baseline, which represents a re-
duction of approximately 40%. The
next phase of this project involves refin-

sector. This potential is expressed in
terms of cost and electricity savings.
The results are presented in a supply
curve of conserved electricity (Fig.1).
The supply curve of conserved electricity
consists of roughly 200 energy conser-
vation measures, which fall into four
distinct types:

¢ retrofitting of existing buildings
and equipment;

Maximum Technical Potential Electricity
Savings for U.S. Residences in 2010

-
[

Forecast Year: 2010
Start Year: 1990 -
Baseline Energy Consumption N v X
for year 2010 = 1019 TWh

"y
H

the technical potential estimates, and
creating a supply curve for U.S. office
buildings. These efforts will continue in
FY 1993.
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An Assessment of Future Energy Use and Carbon
Emissions in U.S. Residences

Forecasting models have been used
extensively to assess the effect of gov-
ernment policy initiatives on residential
energy use. Such analyses have taken
on greater urgency because of sugges-
tions that greenhouse gas emissions
from energy use may affect the global
climate. This ongoing research (to be
completed in FY 1993) explores U.S. res-
idential energy futures and their associ-
ated carbon emissions with a simplified
representation of the electricity supply
mix and a sophisticated end-use model
that incorporates econometrically de-
rived elasticities and engineering esti-
mates of the cost of improving energy
efficiency in appliances, space-condi-
tioning equipment, and building shells.

This analysis draws upon the LBL
Residential Energy Model (LBL-REM),
a modeling framework that has been
used for analyses of appliance effi-
ciency standards since 1981. The data
in this model have been constantly im-
proved over the past 11 years, by incor-
porating the results of surveys of
appliance manufacturers and home
builders and econometrically derived
estimates of usage elasticities, cross-
price elasticities, own-price elasticities,
and other parameters.

This effort has two main purposes:

1) to derive general lessons for policy
analyses that seek to understand the re-
lationships between energy prices, en-
ergy use, government policies, and
carbon emissions, and 2) to describe the
characteristics and limitations of LBL-
REM by analyzing the outputs from a
large numbeér of different scenarios. In
the process of achieving these two
goals, the study will also provide infor-

mation about the potential effectiveness
of different policy options for reducing
residential-sector carbon emissions.
Phase 1 of the analysis describes the
input assumptions in detail and then es-
timates the effect of carbon taxes on
residential energy demand and carbon
emissions. These taxes are applied to a
reference case and to a case in which
markets for energy efficiency are as-
sumed to use a utility discount rate to
evaluate efficiency improvements. The
carbon intensity of electricity produe-
tion is also varied parametrically to as-
sess the impact of changes in such
intensity on the effect of the carbon tax.
Phase 2 of the analysis focuses less on
input assumptions and more on an
analysis of the effect of different poli-
cies in the face of uncertainty. These
policies include advanced appliance
standards, building standards, carbon
taxes, and utility programs. Results
will be calculated using a range of dis-
count rates and fuel price assumptions.

Reference

Koomey ], Johnson FX, McMahon JE, Orland
M, Levine MD, Chan P, Krause F. An
Assessment of Future Energy Use and Carbon
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32183, 1992.

ESTEEEEERE [nvestigators WA

J. Koomey M.D. Levine
E. Johnson P. Chan

J. McMahon  F. Krause
M. Orland

13.



14

The residential forecasting database

is designed to support improved energy

demand forecasting at LBL and within
the U.S. Department of Energy. It will
be a compilation of all data necessary
for end-use energy demand forecasting
in the residential sector. This effort is
an attempt to assess and document
these data systematically and to incor-
porate them into a computerized data-
base system.

The database includes the following
model input data:

¢ Baseline unit energy consumptions
(UECs) of appliances and equipment,
* Baseline appliance and equipment
saturations,
¢ Thermal shell characteristics of
buildings,
. ®» Population and households,
* Energy prices, and
e Consumer choice algorithms.
In addition, the database is designed
- to allow results from various forecast-
ing scenarios to be stored in a readily
accessible form. Forecasted data types
include:

¢ Total energy use by fuel,

* Energy use by end use, and

* Market shares, UECs, and energy
factors.

Model inputs and outputs, as well as
all other information in the database,
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- Residential Forecasting Database

are fully documented with the source
and an explanation of how they were
derived. When complete, the database
will be used as the source of input data
for the residential forecasting models
used in the Energy Analysis Program.
The work began with an analysis of
existing UEC estimates. We compiled
UECs from major data analysis and
measurement projects and selectively
aggregated the data to determine better
model inputs for the most important
residential end uses. To date, a proto-
type database application has been

_ developed and approximately 75% of

the required data has been collected
and entered in the database format.
The data-collection effort and database
program will be completed in early FY
1993.

Reference
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Comparison of Residential End-Use Forecasting Models - .

In the context of the biennial National
Energy Strategy, the U.S. Department of
Energy has become interested in the
methodological characteristics of end-
use forecasting models. This ongoing
effort involves a comparison of three
residential end-use forecasting models:
the Energy Information Administration’s
Residential Energy End-Use Model
(EIA-REEM), the Electric Power Research
Institute’s Residential Energy End-Use
Planning System (EPRI-REEPS), and the
LBL Residential Energy Model (LBL-REM).

The model comparison required nor-
malization of the higher-level inputs
shown in the accompanying figure and
execution of the models for representa-
tive scenarios. Differences in the fore-
cast results for space heating were
assessed in the context of the method-
ological differences given in the lower

part of the figure. We also analyzed the
sensitivity of the models to changes in
fuel prices and the consumer discount
rate. Differences in the characterization
of technology choices and in the base-
year calibration of the models were im-
portant determinants of differences in
energy-consumption trends.

In the next phase of the project, we
will focus on evaluations and compari-
sons of consumer choice algorithms
within the EPRI-REEPS modeling
framework. We will examine in more
detail the structure of the market share
algorithms and compare different ap-
proaches for representing fuel and tech-
nology choices for space heating. We
will also analyze and update the effi-
ciency choice algorithms for appliances.
Results will be documented in a report
to appear in FY 1993.
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Upper part of diagram shows higher-level data segments common to all three models while the lower
part of the diagram shows important differences in parameters and methodology across the models.
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- Analysis of Federal Appliance Efficiency Standards

The Energy Policy and Conservation
Act (P.L. 94-163), as amended by the
National Energy Conservation Policy
Act (P.L.95-619) and by the National
Appliance Energy Conservation Act of
1987 (P.L. 100-12) and by the National
Appliance Energy Conservation
Amendments of 1988 (P.L. 100-357),
provides energy conservation standards
for 12 of 13 types of consumer products*

*Products covered: (1) refrigerators, refrigerator-
freezers; and freezers; (2) room air conditioners;
(3) central air conditioners and heat pumps; (4)-
water heaters; (5) furnaces; (6) dishwashers; (7)
clothes washers; (8) clothes dryers; (9) direct
heating equipment; (10) kitchen ranges and

" ovens; (11) pool heaters; (12) television sets; and
(13) fluorescent-lamp ballasts.

and authorizes the Secretary of Energy
to prescribe amended or new energy
standards. The Energy Policy Act of
1992 (P.L. 102-486) adds five products:
(14) general service fluorescent lamps
and incandescent reflector lamps; (15)
showerheads; (16) faucets; (17) water
closets; and (18) urinaJs, for which test
procedures and labels will be devel-
oped. This Act sets standard levels for
lamps, motors, commercial heating and
cooling equipment, and commercial
water heaters, and includes a schedule
for possible amendments to the stan-
dards.

Initiated in 1979, LBL’s assessment of
the standards is designed to evaluate

Engineerin
Ana']ysis’% ‘ %« Manufacturer Cost vs. Efficiency
Manufacturer »  * Reuail Price vs. Efficiency
Analysis »
#  « Manufacturer Impacis
3| Life Cycle Cost o .
> Analysis + Life Cycle Costs
%« National Energy
P Forecasts
%« Net Present Value to Society
»  Paybacks p——————w-ub . Consumer Payback
Utility . .
> d | S S
Analysis Generating Capacity
Environmental .
Analysis —% < Emissions (CO2, NOs, SO2)
[ | Figure.

Analytic framework for the appliance standards analysis.
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their economic impacts according to the
legislated criteria (Figure).

The economic impact analysis is per-
formed in five major areas:

* Engineering Analysis, which-estab-
lishes the technical feasibility and
product attributes including costs
of design options to improve appli-
ance efficiency. :

* Consumer Analysis at two levels:
national aggregate impacts (fore-
casts) and impacts on individuals
(life-cycle cost analysis). The na-
tional aggregate impacts include
forecasts of appliance sales; effi-
ciencies, energy use, and consumer
expenditures. The .individual im-
pacts are analyzed by life-cycle
cost, payback periods, and cost of
conserved energy, which evaluate
-the savings in operating expenses
relative to increases in purchase
price. _

» Manufacturer Analysis, which pro-
vides an estimate of manufacturers’
response to the proposed stan-
dards. Their response is quantified
by changes in several measures of
financial performance.

e Utility Analysis that measures the
impacts of the altered energy-con-
sumption patterns on electric utili-
ties. '

* Environmental Analysis that esti-
mates changes in emissions of car-
bon dioxide, sulfur oxides, and
nitrogen oxides, resulting from re-
duced energy consumption in the’
home and at the power plant.

This year, based on our analysis,
DOE began considering possible updat-
ed standards for eight products: room
air conditioners, water heaters, mobile
home furnaces, direct heating equip-
ment, kitchen ranges and ovens, pool



heaters, televisions, and fluorescent
light ballasts. Data collection and
analysis began for possible updated
standards for refrigerators and freezers,
furnaces, central air conditioners, and
heat pumps.

We also completed data collection
and modeling of alternative policies for
improving energy efficiency of lighting
equipment in buildings, including resi-
dential and commercial applications.
Results show energy and economic
savings for a wide range of policies,
including component standards, build-
ing codes, incentive programs (rebates
and tax credits), and education. The
policies differ in magnitude, timing, and
certainty of savings, as well as ease of
enforcement and administrative burden.
In the next year, we will continue the
analysis of possible energy efficiency
standards for the eight products listed
above. We will continue data collection
and analysis for possible updated stan-
dards for refrigerators and freezers, fur-
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naces, central air conditioners, and heat
pumps.

The Energy Policy Act of 1992 ex-
pands the appliance efficiency program
at DOE to include lamps, motors, com-
mercial heating and cooling, and com-
mercial water heating. We will perform
analysis of some or all of these prod-
ucts, as directed by DOE in 1993.
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Engineering Analyses of Appliance Efficiency Improveinents -

The economic impacts of appliance
efficiency standards depend largely on
the relation between cost and energy
consumption of a consumer product.
Our engineering analysis seeks to iden-
tify this cost-consumption relationship
for selected appliances.

In 1992, we modified analyses for
eight products: water heaters, pool
heaters, direct heating equipment, mo-
bile home heaters, fluorescent ballasts,
room air conditioners, ranges/ovens,
and televisions. An analysis for light-
ing products was reviewed and revised
in 1992. The advantages and draw-
backs of lighting standards and of other
lighting energy-conservation policies
were addressed. We.also initiated engi-
neering analyses for three products:
central furnaces and boilers, refrigera-
tors and freezers, and central air condi-

tioners'and heat pumps.

The engineering analysis consists of
the following steps: select appliance
classes; select baseline units for each
class; select design options for each
class; and determine the maximum
technologically feasible design, the effi-
ciency improvement, and the cost for
each option for each class. Data are
obtained through contacts with trade
organizations and manufacturers, from
suppliers of purchased parts and mate-
rials, and from computer simulations.

In 1993, we plan to complete the engi-
neering analysis of three products: cen-
tral heating, central air conditioning "
and heat pumps, and refrigerators and
freezers. We will also revise our report
on the analysis of the eight products
{see above), after receiving review com-
ments.
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_ Assessing the Impacts of Appliance Standards

on Manufacturers

The Manufacturer Analysis assesses
the impact of appliance standards on
the profitability and competitiveness of
the various appliance-manufacturing
industries affected by mandatory ener-
gy efficiency standards. The primary
tool used for this evaluation is the Man-
ufacturer Impact Model (LBL-MIM).
LBL-MIM uses engineering cost and
efficiency estimates as well as collected
economic and financial data as inputs.
Outputs include price, rate of profit,
shipments, revenues, net income, and
the standard errors of these estimates.
LBL-MIM also provides estimates of re-
tail prices used by the Residential Energy
Model (LBL-REM) and the life-cycle
cost analysis.

This year we used the LBL-MIM to
perform an analysis of the impact of
standards on water heaters, direct heat-
ing equipment, room air conditioners,
kitchen ranges and ovens, pool heaters,
mobile home furnaces, televisions, and
fluorescent lamp ballasts. The results
are contained in a technical support
document submitted to DOE, to be pub-
lished in 1993.

We wrote the manufacturer impact
section of a report to DOE on the im-
pacts of federal policies to improve the
energy efficiency of lighting in U.S.
commercial and residential buildings.
Our analysis indicates that the diverse
policy options available would not have
significant adverse impacts on lighting
equipment manufacturers.

Data collection for the next round of
products was also begun. The products
considered include refrigerators and
freezers, central heating equipment
(furnaces and boilers), and central air
conditioners and heat pumps. This

effort includes a combination of ques-
tionnaires to firms; meetings with firms,
industry consultants, and trade associa-
tions; and plant visits.

In 1993, we expect to analyze public
comments on, and begin a re-analysis
of, the eight products and complete a
preliminary analysis of the next three
products. :

We will also evaluate GRIM (Govern-
ment Regulatory Impact Model), a new
model under development by a coali-
tion of industry trade associations. The
features of MIM and GRIM will be as-
sessed relative to DOE’s needs, and the
best combination of those features (one
model, both models, or a new combined
model) will be implemented.
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Analysis of Federal Policy Options for Improving U.S. Lighting -
Energy Efficiency: Commercial and Residential Buildings

In 1990, lighting systems in the U.S. cial (indoor) and residential sectors.
consumed a'pproximately 515 TWh - For the commercial sector, the Electric
{19% of national electricity use) or 5.9 Power Research Institute’s COMMEND
primary Quads (7% of national energy end-use forecasting model was used.
consumption) at a cost of 36 billion dol- ~ The study bounded national savings es-
lars. The lighting end use provides a timates between two forecasts, one as-
major opportunity for achieving sav- suming a baseline with considerable

ings by implementing energy efficiency  savings (High-Efficiency Baseline) and
improvements. Considerable interest in  the other assuming modest savings

energy savings from lighting has been (Low-Efficiency Baseline) from utility
expressed at both the federal and state and government programs and stan-
regulatory levels. dards. Technology-specific policies
This study was undertaken to deter- studied included standards for fluores-
mine the impacts of various lighting ef- cent and incandescent lamps, a combi-
ficiency standards, incentives, and nation lamp /ballast standard, fixture
information policies. We developed standards, prescriptive lighting con-
and applied a methodology to quantify  trols, building codes, and combination
savings from potential federal policies. standards for lamp /ballast/fixtures
We studied policies relevant to the fol- with controls. The study also analyzed
lowing areas: mandatory component two lamp standards, one proposed in
performance standards, system perfor- federal legislation in 1991, and the sec-

mance standards (e.g., building codes), ~ ond finalized in the Energy Policy Act
consumer rebates, consumer tax credits, of 1992. For the residential sector, the

shows a range of the cumulative light-
ing energy savings by policy for the
commercial sector for the years 1995-
2025.

The Energy Policy Act of 1992 man-
dates performance standards for some
fluorescent and incandescent reflector
lamps, testing and labeling of other
lamps and luminaires, study of high-
intensity discharge lamp standards, and
future lamp standards updates. The law
also establishes a framework for amend-
ing lamp standards. In 1993, we will
provide analysis to DOE upon request.
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. Utility Planning and Policy .

- Future Directions:

Integrated resource planning (IRP) is
the process for integrating supply- and
demand-side resources to provide ener-
gy services at a cost that balances the in-
terests of all stakeholders. It now is the
resource-planning process used by elec-
tric utilities in more than 30 states. The
goals of IRP have evolved from least-
cost planning and encouragement of
demand-side management to broader,
more complex issues including core
competitive business activity, risk
management and sharing, accounting
for externalities, and fuel switching
between gas and electricity.

In 1992, we prepared a status report
on IRP as it is practiced today. We also
suggested how IRP is transforming itself
to pursue new objectives in a changing
energy and competitive landscape.

IRP is primarily a process that has
come of age within the investor-owned
electric utility (IOU) sector. Originating
in the 1980s in a handful of states as
“least-cost utility planning (LCUP),” the
objective of the effort was to rationalize
the means of providing energy services
to ratepayers. Utility motivation lay in
avoiding the high cost of new genera-
tion, adopting smaller-sized resources,
which would provide flexibility for
handling uncertainties, and repairing
badly frayed regulatory and public rela-
tions. Other parties had other motiva-
tions for seeking entry into the utility-
planning process. Energy conservationists
sought toincrease a utility’s commit-
ments to cost-effective energy efficien-
cy. Environmentalists sought entry to
advance an environmental agenda that,
in turn, was closely tied to developing
efficiency alternatives. These develop-
ments coalesce around several themes:
the emergence of energy efficiency as a
resource option, the process of IRP as an
improved means for balancing resource-
planning objectives, and finally the
changing structure of the electricity in-
dustry. These themes, in turn, are the
points of departure for our views on the
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Integrated Resource Planning

near-term challenges for IRP in the elec-
tric and gas sectors.

These challenges fall under two
broad headings: (1) the maturation of
IRP within the IOU electric utility sector
currently practicing IRP, and (2) the ex-
pansion of IRP principles beyond this
part of the industry.

While some form of IRP is being
practiced by many utilities across the
nation, IRP faces important challenges
if it is to prove a robust planning meth-
od for meeting society’s energy service
needs. The excess capacity of the
1980s—where it can still be found—will
disappear before the end of the century.
Utilities will have to plan for the retire-
ment or repowering of their aging in-

-stalled capacity. Non-utility generation

and demand-side management have
demonstrated their important roles in
meeting future resource needs. At the
same time, environmental and other
non-market-priced costs of delivering
energy services have increased in im-
portance. For IRP to be successful, it
must balance fairly these concerns to
ensure equitable market shares for these
(and other, as yet, unknown) options
for providing future energy services.

We are also exploring the prospects
for applications of IRP in those parts of
the industry where IRP has not been
formally adopted. IRP started within
the IOU electric utilities largely as a re-
sult of state rules and directives on the
East and West Coasts of the country
(and in Wisconsin). Our review in-
cludes other IOU electric utilities, non-
IOU electric utilities, regional electric or
multi-utility planning, and lastly the
natural gas industry.

Extending IRP principles to regional
and inter-fuel issues will be a daunting
task, challenged by a geometrically ex-
panding number of affected institu-
tions, jurisdictions, interests, and
agendas to accommodate. Perhaps les-
sons learned from the IRP collaborative
process will be helpful in successfully

managing this expanded number of in-
terests toward common goals. But any
success will depend upon appreciating
what has to be in place for IRP to have a
chance of succeeding. We are studying
those factors and also speculating about
the possible application of IRP type
“thinking,” at least to a wholly different
set of pressing public issues including
transportation, surface water manage-
ment, and national health care.

We believe there are many other set-
tings where IRP “instincts” could find
application. Increasing competition for
scarce capital for public activities of all
sorts and linkage between activities,
e.g., gas-electricity, electricity-transpor-
tation, and electricity-water, will com-
pel an application of IRP-like principles
to achieve efficient and adequate results
to a large group of affected and active
stakeholders. We should anticipate fur-
ther transformations of IRP in the years
ahead. It would come as no surprise to
us that in the next look at “Future Di-
rections of IRP,” developments within
electricity will occupy one-third of the
discussion and the applications outside
energy the other two-thirds. Then we
might comprehend the ultimate value
of the uncertainly defined, highly use-
ful, and ever transforming process we
have come to know as integrated re-
source planning.
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Transmission Planning in the Era of Infegrated Resource Planning:
A Survey of Recent Cases

Electric power transmission system
issues are increasingly important as
utilities and their regulators evaluate
options for expanding the capacity of
utility systems and increasing the com-
petition in the generation sector.

There has been growing interest in
this subject, accompanied by a substan-
tial policy debate. The focus of this de-
bate has been primarily at the national
level. Yet state action is critical to the
expansion of the high-voltage transmis-
sion network because regulated utilities
must seek approval from utility com-
missions for proposals to site new lines.
The siting process brings all the policy
issues debated in general terms down
to case and circumstance specifics.

The purpose of this project is to sur-
vey the regulatory treatment of issues
that are unique to or ubiquitous in
transmission planning and use. We re-
view recent transmission siting cases to
examine how the issues are presented
to and resolved by state regulatory
commissions and to provide a perspec-
tive for more general discussion of
transmission policy. Our primary focus
is on planning issues. Regulatory ap-
proval requires that satisfactory an-
swers be given to the basic question,
“Why should a particular project be
built?” This is typically the framework
adopted when utilities propose new
bulk power capacity facilities.

Transmission capacity expansion is
not typically treated in integrated re-
source planning. It is usually assumed

" that there is adequate transmission to
achieve any particular plan. We believe
that one important reason for this omis-
sion is the inherent complexity of trans-
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mission system expansion. It is among
the most technically difficult aspects of
electric utility planning and operations,
relying on detailed technical data. This
complexity is exacerbated by conflicts
that arise from the increasing competi-
tion in the generation sector. This com-
petition leads to conflicts over the use
of the transmission system.

Unfortunately, handling difficult and
detailed technical information in set-
tings of conflict can easily lead to op-
portunism. Regulators and competitors
may be at a serious disadvantage in ne-
gotiating or adjudicating specific trans-
mission proposals with utilities, who
generally have greater knowledge of
both general technological consider-
ations and case specifics. This problem
of asymmetric knowledge must be ad-
dressed at some level in planning and
dispute resolution. However, we will
observe that explicit consideration of
the information problem is absent from
most regulatory and technical analysis
of transmission.

We first define a typology of issues
that will be used to organize our survey
of cases. The typology considers three
general categories: institutional, tech-
nology structure, and informational
complexity. The case studies are di-
vided into three groups. In one group
we examine the treatment of transmis-
sion in utility Integrated Resource Plans
(IRPs). We find that current practice of
IRP involves a very limited role for
transmission issues. These limits are
due to the information complexity
problem, the regional nature of major
transmission projects (as opposed to the
state focus of IRP), and other factors.

In the second group; we examine
transmission construction projects un-
der the jurisdiction of state commis-
sions. Each study highlights one or
more of the issues raised in our typol-
ogy. Collectively, the studies indicate
that each of the issues we raise has been
left unresolved in practice in some ma-
jor transmission project.

Third, we review a number of initia-
tives by both private and public organi-
zations for frameworks to resolve
transmission issues. They treat both the
issues involved with new:construction,

‘and also access to existing transmission

by third parties. We examine each pro-
posal, legislation, framework, or case
from the perspective of the issues de-
scribed in our typology. We ask, “If the
key points of this initiative were used to
assess the transmission projects de-
scribed in our case studies, then would
the basic issues be resolved coher-
ently?”

We conclude that many policy pro-
posals perform relatively poorly on
various issues; however, combinations
of initiatives, particularly combinations
of complementary state and regional -
initiatives, may be able to resolve al-
most all of the issues simultaneously.
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-' Evolution of DSM Bidding: _
‘ A More Constructive Role for Energy Service Companies

weights for non-price factors relevant to’

This study explored alternative pro-
gram designs that involve energy ser-
vice companies (ESCOs) in the delivery
of demand-side management (DSM) re-
sources and which attempt to address
problems that have risen in the first
generation of utility DSM bidding pro-
grams. The Table provides a capsule
history of the evolution of DSM bid-
ding. The origins of DSM bidding in
the mid-1980s can be traced to pilot per-
formance contracting programs that re-
lied on competitive solicitations to
select third-party providers of compre-
hensive DSM services. Often, the prin--
cipal objective was to experiment with
ESCOs as an alternative DSM delivery
mechanism and, in some cases, these
programs were promoted by regulators
who were frustrated by the utilities’
failure to aggressively implement DSM.

The principal rationale for ESCO in-
volvement changed however as the

regulatory context shifted toward ef-
forts to apply integrated resource plan-
ning (IRP) concepts to competitive
resource acquisition processes (see
Table, second-generation programs).
Several regulatory commissions ac-
cepted arguments in favor of “all-
sources” integrated bidding, in part
because it sent an additional signal to
utilities that DSM resources should be
considered on a comparable basis with
supply-side options. In these bidding
programs, independent power produc-
ers and ESCOs are competing against
the utility to acquire electric resources,
i.e., their efforts “replace” the utility’s
efforts. Most of the problems that arose
in these solicitations are a byproduct of
the difficulties involved with direct
comparisons of supply and DSM op-
tions in resource acquisition. Problems
include: bid evaluation and scoring sys-
tems that do not establish appropriate

DSM; measures of cost-effectiveness
that do not account for the manifold
costs of DSM programs (i.e., utility, cus-
tomer, and societal costs); and contract
terms and conditions that are not well
suited to DSM resources.

During this same period, a number of

other utilities initiated DSM bidding
programs without significant urging
from their regulators. Most of these
utilities were less experienced with
DSM and viewed bidding as an effec-
tive way to assess DSM market poten-
tial and jump-start their DSM efforts by
building on the experience of ESCOs.
The next (i.e., third) generation of
bidding programs will include “part-
nership” bidding in which ESCOs offer
to provide saved energy or comprehen-
sive services that complement and ex-
pand on the type of activities offered by
utilities, “replacement” bidding in
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Context and

_ _ Program Evolution Period Distinguishing Features
First Generation Performance contracting 1985-1990 * Explore alternative
delivery mechanisms
— . (ESCOs) for DSM
ond . . Integrated "all-source” bidding 1987- ¢ Apply IRP principles to
Generation Present resource acquisition
process
*  Reform of Public Utility
Regulatory Policies Act
DSM bidding to stimulate DSM 1990- eg“ N i l
P ¢  Utility-initiated; use
resent .
ESCO experience
. _ i * __Separate DSM auctions
Third . Partnership” bidding Future ¢ Utilities with
Generation Targeted RFPs comprehensive large-
scale DSM

. "Open-ended RFPs"

"DSM-only replacement bidding”

*  Define ESCO market
niches and roles

¢ Utility-initiated

*  For smaller utilities or
those without DSM
experience

e Explict utility-ESCO
competition

¢ Focus on price and
optimal cost-
effectiveness

¢ Regulation-driven

BEEEE Table.

Evolution and future prospects of DSM bidding.



which ESCOs compete against a utility’s
own program, and DSM “standard of-
fer” contracts which allow ESCOs to

" sign up customers and receive a fixed
price for energy savings. In partnership
bidding, there is an explicit recognition
that utility and ESCO activities are
complementary and that the ESCO in
-effect acts as an agent of the utility.

For utilities that already offer com-
prehensive DSM programs, DSM bid-
ding will involve more targeted and
narrowly focused solicitations (e.g., spe-
cific market niches or sectors). From a
policy perspective, a crucial issue is to
what extent the utility’s DSM planners
are allowed to define and shape the
roles and types of services provided by
various entities in the energy services
market (e.g., ESCOs, vendors, contrac-
tors, equipment manufacturers, trade
allies) that are involved in the delivery
of the utility’s DSM programs.

For those utilities that have not had
much experience implementing DSM,

Forecasting electricity demand in an
era of integrated resource planning re-
quires detailed information on the end-
use energy services provided by
electricity. End-use information on the
hourly pattern of electricity use is espe-
cially important because electricity can-
not be readily stored. As a result,
electricity resource-planning decisions
(on both sides of the customer’s meter) -
are strongly influenced by the expected
timing and magnitude of system peak
demands.

This project represents a collaborative
research effort by Pacific Gas and Elec-
tric Company (PG&E) and the Califor-
nia Energy Commission (CEC) to
develop a common set of residential
sector end-use, load-shape-forecasting
inputs from the end-use metered data
collected by PG&E from over 700 cus-
tomers. While the individual features
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the bidding programs could involve
open-ended, broad requests for propos-
als (RFPs) that seek offers from large
customers or ESCOs because the utility
does not have to address coordination
issues with its own DSM programs. In
the future, smaller utilities that are re-
source-constrained might find that
ESCOs are an attractive way to deliver
DSM. However, these programs are
relatively complex to design and ad-
minister so relatively inexperienced
utilities will need to proceed cautiously.
Over time, the attention of regulators
will shift from ensuring that DSM pro-
grams are cost-effective and can produce
long-term, reliable savings to ways to -
ensure that utility DSM programs are
being delivered in an optimal fashion.
As these types of concerns are raised,
we would expect to see more experi-
mentation with “demand-side only re-
placement bidding programs” that will
focus on explicit “price” competitions
between non-utility entities and utilities

Analysis of Residential End-Use Metered Data
to Improve Electricity Demand Forecasts

of the forecasting models used by
PG&E and CEC precluded develop-
ment of an identical set of inputs for
both, the application of consistent ana-
lytical approaches to the metered data
ensured agreement of the model-
specific results.

The project was organized in three
phases: (1) data review; (2) model-
specific data input development; and
(3) exploratory analysis, focusing on the
CEC model framework.

For the CEC model, we analyzed five
years of residential air-conditioning
data to develop time-temperature ma-
trices. Time-temperature matrices ex-
press hourly air-conditioning energy
use as a function of both time of day
and a measure of climatic severity
called the temperature-humidity index.
A single matrix was developed from all
five years of data. To ensure continuity

to deliver specified DSM programs.
Based on limited experience to date,
these types of structured competitions
will require significant regulatory over-
sight. The challenge in these programs
will be to articulate objectives clearly,
assess anticipated benefits to ratepayers,
and avoid destructive competition.
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between adjacent values and also to al-
low CEC to use the matrix to forecast
conditions not observed in the original
data, we developed an extrapolation
and smoothing technique and applied it
to the data. .
We conducted limited evaluations of
the accuracy of the time-temperature
matrix in “predicting” the actual load
observations that were used in its de-
velopment. We found that there are im-
portant, but not well-appreciated,
trade-offs in accuracy between the dif-
ferent forecasting applications of the
CEC time-temperature matrix and the
PG&E model. That is, the matrix is not
currently capable of forecasting all
quantities of interest with equal accu-
racy. For example, in forecasting loads
on the system peak day, there are trade-
offs in accuracy between forecasting the
absolute kW value of the peak for the
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space cooling end use, the timing of
that peak, and the load that is coinci-
dent with the time of the system peak.
At the present time, the relative impor-
tance of these trade-offs has not been
assessed.

For the PG&E model, we analyzed
five years of residential air-conditioning
data to develop daily weather response
functions and binned hourly load
shapes according to definitions estab-
lished by PG&E in previous research.
The weather response functions allocate
forecasts of annual energy use (devel-
oped by a separate PG&E forecasting
model) to the days of the year based on
a combination of average temperature
on the current and previous two days.
We also identified options for future en-

hancements to the specification of the
functional form of the weather response
function and its development from the
metered data.

We also initiated an exploratory
analysis to address issues regarding the
cost-effectiveness of end-use metering.
Working within the framework of the
CEC model, we considered (but by no
means reached complete resolution of)
two issues: to what extent does air-con-
ditioning energy use vary by region
within the large PG&E service territory;
and how does inclusion of additional
years of metered data improve the ac-
curacy of the load shapes.

End-use metering is expensive. Its
cost must be justified by the value that
the information collected brings to the

--, Case Study of Integrated Resource Bidding

Since the mid-1980s, many U.S.
electric utilities and their regulatory
agencies have been experimenting with
competitive resource-procurement
procedures as a'more efficient way to
encourage private electricity supply. In
1988, the New York Public Service
Commission ordered the state’s
investor-owned utilities to develop
competitive bidding programs that
included both supply- and demand-
side management (DSM) resource
options. In response, the Niagara
Mohawk Power Company (NMPC)
issued a request for proposals (RFP) in
1989 soliciting offers from potential
supply-side and DSM bidders to supply
350 MW of capacity by 1994. This study
is a critical review of this early experi-
ment with integrated bidding, from
which a number of policy recommenda-
tions on the design and implementation
of competitive resource procurements
emerge.

¢ Competitive bidding represents
an attempt to introduce the
benefits of competition into a
largely regulated framework. In
the planning and resource
acquisition framework practiced
in New York (and represented in
NMPC’s “all-sources,” inte-
grated solicitation), the utility
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defines the total resource need,
which can be filled either by
independent power producers,
energy service companies
(ESCOs), large customers, or
utility-sponsored generation
projects (Figure). However,
integrated bidding creates real or
potential conflicts which involve
placing the utility in both the
buyer and seller role. Our
analysis suggests that “self-
dealing” problems, even if they
are primarily perceptual,
undermine the credibility of
competitive processes. Competi-
tive processes work best when
applied to a set of competitors
that have relatively equal market
power. Thus, an alternative
model of the relationship
between planning and bidding
should be examined in which the
utility regulatory commission
makes an initial determination of
resource and supplier mix issues
as part of their review of a
utility’s integrated resource plan.
The effort to determine market
share in advance would allow
participation of the utility and its
resources on a priority basis,
reserving the competitive

planning process and to other uses of
the data. We believe that this value is
enhanced by cooperative research spon-
sored by the ultimate users of the data.
We also believe that we have only be-
gun to tap the wealth of information
contained in them.
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process for residual needs. On
the demand-side, the utility
would offer a combination of its
own programs and programs
delivered by ESCOs. The
primary advantages of this
“preferred resources” approach
would be to reduce the potential
for self-dealing by the utility.
This administrative approach is
admittedly “second best,” but it
would then allow competitive
bidding processes among
independent power producers to
function more efficiently and
fairly. These more targeted and
structured solicitations would
still preserve the “yardstick”
function of competition in
regulated industries, as well as a
potential “second-sourcing”
capability in the event of poor
utility performance.

* There are two broad approaches
to evaluating bids: “open” and
“closed.” “Open” approaches
typically employ scoring systems
with specified point values for
various project attributes that
bidders can self-score, and which
allow an objective method for
ranking bids. The most impor-
tant element of a scoring system
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is that the buyer’s preferences mix of projects and negotlated where utility affiliates are
and relative valuations of major solutions with bidders. In our allowed to participate or utility
bid evaluation criteria are view, the preferred approach is life-extension/repowering
explicitly communicated in the strongly influenced by the projects are included.

: RFP; however, this can be utility’s decision regarding its * Separate solicitations for DSM-
accomplished without relying on own participation as a seller in and supply-side resources are

- self-scoring. “Closed” bid the bldd.mg process. Ob]ectivte, preferable given inherent
evaluation systems represent an self-scoring systems are probably differences in resource character-
alternative approach that the most appropriate bid istics and market structure. This
emphasizes discretion for the evaluation process in situations allows utilities to design scoring

systems that are specifically
ta/ilored to evaluate the attributes
and distinctive features of each

utility in selecting the optimal

New York Planning/Acquisition Framework resource.
¢ Few large customers are likely to’ _
Needs Assessment +— Demand participate in DSM bidding  ~ -
¢ Development " programs as currently struc- i
IRP Plan * Supply & DbS;M ETOXY resource *—Eevc,eve opm tured. Customers should be e
OCkS .

encouraged to participate
directly in other DSM programs
LT R ERAEARN ELLELREE R offered by utilities. Or separate,

~ simplified bidding processes that
' iti Utility- ifically tailored t
Competitive 4 Utility are specifically tailored to
Resource ESCOs 1PPs e aration OSM customers should be considered.
Acquisition However, having large custom-

ers as “resource suppliers”
complicates the utility’s tradi-
tional relationship, which is
based on customer service and

Alternative Planning/Acquisition Framework poses additional monitoring
/T ' problems for regulators. Thus,
we are not convinced that
Needs Assessment bidding-type programs are best
IRP Plan o s BRI suited for.customers.
N Lite Reference
Utitity Extension
Preferred OSM Repowering Goldman C, Busch J, Kahn E, Stoft S, Cohen S.
Resources Review of Integrated Resource Bidding at
. Niagara Mohawk. Lawrence Berkeley
.................................. T Laboratory Report No. LBL-31667, 1992.
Competitive ESCO *IPP -OFs :
\Reso‘:rce DSM P BRI 11ocstigators

Acquisition

C.A. Goldman  E.P. Kahn
Utitity ROR J.F. Busch 5.0. Stoft
Backstop |Construction .

- Figure.

Alternative modelsfor the relationship between planning and competztwn (IRP =
Integrated Resource Planning; QF = Qualifying Facilities; IPP = Independent
. Power Producers; ROR = Rate of Return).
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- Analysis of Debt Leveragihg in Private Power Projects

Financial structures in the private
power industry differ from those used
by regulated utilities. These differences
have been the focus of policy disputes.
Critics of the private power industry as-
sert that high debt leveraging, charac-
teristic of this industry, confers an
unfair competitive advantage by lower-
ing the cost of capital, and that this le-
veraging is only possible because risks
are shifted to the utility. Further, debt -
leveraging is claimed to be a threat to
reliability. On the opposite side, it is ar-
gued that debt leveraging imposes costs
and obligations not borne by utilities,
and so there is no financial advantage.
The private producers also argue that
on balance more risk is shifted away
from utilities than to them, and that
provisions for reliability are strong.

In this work we examine the project
finance mechanisms used in private
power lending in detail, relying on a
sample of actual loan documents.
Project finance lending, the dominant
financial structure in the private power
industry, means that the lender looks
solely to the assets and cash flows of the
project for repayment. The lender re-
views the quality of projects, their con-
tracts, and participants to determine the
level of risk and appropriate pricing as-
sociated with the loan. In the loan
agreement itself, the lender will impose
constraints on the behavior of project
owners and operators to preserve this
risk allocation and to manage risks over
the long term. The process is much
more constraining than corresponding
features of corporate finance, where
lenders can look to a portfolio of assets
as support for their loans.

‘Our review of project finance for pri-
vate power shows a consistent ap-
proach to imposing operational and
financial constraints on project develop-
ers and owners. We list below the ma-
jor areas in which lenders allocate and
manage risk.

Managing construction risk means as-
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suring that the project will be built on
time, on budget, and will meet perfor-
mance expectations. Lenders control
operating risk by imposing operational
controls. Financial risk is limited by pro-
hibitions on additional debt, restrictions
on sale of project assets, maintenance of
debt and working capital reserves, and
restrictions on the developer’s access to
project cash flows until all outstanding
obligations are satisfied.

Fuel risk is controlled by lender re-
view of fuel supply and transport ar-
rangements and restrictions on changes
in these arrarigements over the term of
the loan. Regulatory and environmental
risks are limited by requiring that all
permits and other necessary govern-
mental approvals are in place or will be
obtained, and that the project will be
able to operate within limitations im-
posed by permits.

In light of this survey, we consider
three issues associated with debt lever-
aging that the Energy Policy Act of 1992
requires state regulatory commissions
to examine. These are 1) whether a high
degree of leverage creates reliability
problems, 2) whether purchasing power
through long-term contracts affects the
utility’s cost of capital, and 3) whether
the capital structure used in project fi-
nance confers a competitive advantage.

We find that project finance loan
agreements provide extensive protec-
tion against reliability problems
through maintenance and overhaul re-
serves, insurance, debt reserves, and in-
dependent engineering oversight.
There is reason to believe that high le-
verage induces closer management at-
tention to reliability and therefore .
superior performance to the behavior of
regulated utilities. The issues associ-
ated with the impact of long-term pur-
chase contracts on the utility cost of
capital are probably the most indeter-
minate of all the leveraging issues, and’
our investigation of project finance has
little to say about it. Finally, the ques-

tions of capital structure and competi-
tive advantage are examined in the con-
text of both the cost of capital and the
maturity of loans.

We find that the financial effect of
shorter loan maturities in project fi-
nance more than offsets the cost of capi-
tal advantages it may have over typical
utility corporate finance structures.
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. Global Energy/Environmental Issues

Oceans as CO, Sinks -

Critical uncertainties remain in our
current understanding of global bio-
geochemical cycling, particularly the
global carbon budget. Carbon dioxide
(CO,) is an important greenhouse gas,
and there is little disagreement over the
amounts of CO, being released into the
atmosphere. However, we remain un-
able to account for all the CO, that is
leaving the atmosphere and going into
either terrestrial or oceanic sinks. Oce-
anic primary productivity, especially
“new production,” exported to the oce-
anic bottom waters is an important
component of global climate flux. Re-
cently, high-resolution measurements
of variation in atmospheric oxygen
have suggested that global oceanic new
production may be at least twice as
high as had been previously calculated
based on estimates of “C uptake by ma-
rine phytoplankton. Knowledge of
these ocean and coastal margin dynam-
ics is required if one is to understand
the slowly changing response of climate
to a gradual increase in atmospheric
greenhouse gas concentrations. _

In an effort to initiate a major effort
on oceans research at LBL, a project was
begun this year to investigate several
research topics related to the fate of CO,
in the oceans. During the first year,
these studies focused on three areas:

1) use of ocean color data from satellites
to monitor phytoplankton primary pro-
ductivity in selected Pacific Ocean wa-
ters, 2) review of the “iron limitation
hypothesis,” and 3) initiation of labora-
tory studies to investigate the relation-
ship between quantum yield of
fluorescence and carbon fixation for the

purpose of developing new methods to

sense remotely chlorophyll production
(i.e., primary production) in oceans. The

preliminary results of these studies are
briefly summarized below.

Remote sensing of phytoplankton
biomass and production offer one way
to gain an understanding of new pro-
duction. Ocean surface radiometry
data (e.g., from the Coastal Zone Color
Scanner [CZCS]) are now routinely
used to estimate phytoplankton bio-
mass. However, these data cannot be
directly used to estimate phytoplankton
carbon production. Studies have been
conducted that apply mathematical
models of photosynthesis to estimate
primary production from surface chlo-
rophyll and incident irradiance.

The major drawback to this approach
is that the models are calibrated with
the same "“C production measurements
that have been brought into question by
the global rates inferred from oxygen
variations. In an attempt to address
this topic, we are comparing satellite
imagery (CZCS data of chlorophyll con-
centrations) to measured levels of pri-
mary production off the Southern
California coast. From this comparison,
we will develop specialized algorithms
for the analysis of phytoplankton pig-
ment concentrations from CZCS in ar-
eas influenced by Los Angeles Basin
aerosols. These revised algorithms will
be needed in the future when data from
morevadva'rﬁd ocean color scanners
become available. :

The “iron limitation hypothesis” pro-
posed in 1990 suggests that low concen-
trations of surface nutrients, especially -
iron, limit the biological activity, and
thus the atmospheric drawdown of CO,
of ocean phytoplankton in polar oceans.
According to this hypothesis, if suffi-
cient iron were added to the open ocean
in these areas, a “new” CO, sink would
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result. Through participation in several

key workshops, sponsored by the U.S.

Department of Energy, the Environ-

" mental Protection Agency, and others
that have evaluated the iron limitation
hypothesis, and through an extensive
literature review, we prepared a paper
on the use of marine algae as CO, sinks.

It is clear that new approaches for
measuring oceanic primary productiv-
ity are needed to address the discrep-
ancy between existing estimates of CO,
uptake by marine phytoplankton and
recent high-resolution measurements of
variation in atmospheric oxygen. A

- possible new approach is to' monitor

phytoplankton processes through the
associated emission of fluorescence by
chlorophyll a. Most of the physiological
processes that regulate photosynthesis
also have some effect on fluorescence.
As an initial step to developing fluores-
cence-based approaches for measuring
ocean primary production, we initiated
laboratory experiments to study the
fluorescence characteristics of selected
phytoplankton species under varying
light conditions (Figure). The objective
of these experiments is to investigate
fluorescence yield under conditions re-
sembling surface layer irradiance and
exainine the relationship between the
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quantum yield of fluorescence and car-
bon fixation. The results of these ex-
periments will help in the interpretation
of sea surface fluorescence as observed
by various remote sensing platforms.
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Ehergy Efficiency and Air Quality in the South Coast Air Basin -

A multiyear project was started last
year as part of the California Institute
for Energy Efficiency’s Emission Reduc-
tion Strategies to investigate the direct
and indirect effects of end-use efficiency
on the reduction of photochemical smog
in the South Coast Air Basin. The project
addresses two aspects of this broad re-
search area by focusing on 1) existing
methods for projecting emissions from
fuel combustion and opportunities for
reducing these emissions through energy-
efficiency improvements in the buildings
sector, and 2) novel, indirect approaches
for reducing or delaying the production
of photochemical smog that include
varying the surface characteristics of
the Basin (i.e., vegetative cover, surface
albedo, soil moisture, and roughness
length) to reduce temperatures.

The overall goal of this project is to
assess both the direct effects of end-use
efficiency on emissions (e.g., nitrogen
oxides, NO,) from the buildings sector
and environmental variables affecting

them, such as temperature, and the in-
direct effects of surface changes result- -
ing from trees and white surfaces on
smog formation (Figure). Since the in-
direct approach is broad, studies during
the first year focused on how changes
in surface characteristics affect meteoro-
logical conditions within the Basin
(modeled with the Colorado State Uni-
versity Mesoscale Model). During later
phases of the study, we plan to evaluate
how these surface modifications affect
the production of photochemical smog
(using the U.S. Environmental Protection
Agency’s Urban Airshed Model [UAM])
in the Basin. It is anticipated that this

- multiyear study will help resolve the

issue of the causality between urban tem-
perature reduction and smog formation
in the Basin and will develop data and
model enhancements that can be incorpo-
rated into future air quality assessments.
In order to determine the effects of

additional trees on air quality of the
Basin, a baseline vegetative emissions
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Direct and indirect ways to improve air quality in the
South Coast Air Basin (ROG = reactive organic gases).

inventory was developed by the Uni-
versity of California at Los Angeles
(UCLA). First, an estimate of the total
vegetative biomass was obtained from a
previous survey of the Basin, sponsored
by the South Coast Air Management
District. Next, hydrocarbon emission
rates were developed for all identified
plant species. The third phase of the
UCLA effort was an evaluation of the
effects of environmental conditions (e.g.,
temperature, light intensity, humidity)
on vegetative hydrocarbon emissions
from plants. The total biomass, emis-
sion rates, and an environmental algo-
rithm were used to develop a gridded
vegetative hydrocarbon emission inven-
tory for the Basin. The inventory will
be included in the UAM and used to
predict the impact of vegetative hydro-
carbon emissions on the air quality of -
the Basin.

A characterization of the surface
conditions in the Basin was needed to
develop credible information about
variables that can later be modified and
evaluated by prognostic meteorological
models. The surface variables included
vegetative cover, surface albedo, rough-
ness length, and soil moisture. This
year, using existing data and available
methodologies, we developed a prelim-
inary database on these surface charac-
teristics. The database will be modified
next year using more advanced methods
(i.e., satellite and aircraft data) and on-
site measurements. i

Meteorological modeling is impor-
tant to determine to what extent modifi-
cations of the urban surface resulting
from increased tree planting or increased
albedo affect the many meteorological
variables. Since the causality between
reducing urban temperature and de-
creasing or delaying photochemical
smog episodes has to be demonstrated
conclusively, this task provides data
that are critical to the overall project
goals. To date, LBL (with cooperatioh
from Systems Applications International)
has conducted sensitivity tests and pre-
liminary two- and three-dimensional
simulations of the mesoscale conditions
resulting from changes in albedo, soil
moisture, and surface roughness. From
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the initial three-dimensional stimulations,
we demonstrated the impact of topo-
graphical variations and coastal prox-
imity on wind speeds and air tempera-
tures. For example, we found that the
variations in surface conditions resulted
in average and maximum temperature
differences of -0.44° and -3.2°C, respet:
tively. Next year we will analyze four
scenarios: base case (existing Basin con-
ditions), extensive tree planting, changes
in surface albedo, and combined effects
of trees and albedo changes. The results

Last year we initiated a study of the
potential impacts and mitigation of cli-
mate change on energy and air quality
with an emphasis on cities since these
urban areas have already experienced
increased temperature trends over the
past several decades. The goal of this
work is to understand better the relation-
ship among urban/global warming, air
quality, surface characteristics, and
regional-scale utility loads. Over the

. course of this study, we expect to deter-
mine the ability of tree-planting pro-
grams and changes in surface albedo to
reduce annual and peak energy use and
temperature within an urban environ-
ment. These reductions of temperature
may lead, in turn, to a reduction or
delay in photochemical smog episodes.

Major tasks during the first year in-
clude: 1) characterization of five U.S.
metropolitan areas in terms of synoptic
weather, long-term urban warming, .
smog levels vs. urban temperatures, and
regional-scale utility load vs. urban
temperatures; 2) development of sce-
narios of possible future global warming
as predicted by General Circulation

Models; and 3) simulation of the potential
- of large-scale surface modifications for
slowing potential future warming trends
and offsetting some of their past effects,
using one-dimensional climate models.
During the first year, we focused on
evaluating the order of magnitude in-
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of these meteorological simulations will
serve as inputs to the UAM so that the
effects of these surface modifications on
smog prodoction canbe evaluated.
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Impacts of Global Climate Change on Cities

volved in urban/global warming, im-
pacts on energy use, air quality (ozone
concentrations) sensitivity to tempera-
ture, and potentials for mitigation with
surface modifications such as massive
tree planting and surface albedo changes.
In the second phase, the utility load,
temperature, and ozone data will be
refined. One-dimensional urban meteo-
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- fological simulations were performed for

selected urbanized areas for the first

phase, but two- and three-dimensional

models will be used in future years.
The metropolitan areas selected for

‘study are Philadelphia, Los Angeles,
‘New York, Houston, and Denver.
" These cities were selected because they

represent large population areas that
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already have experienced periods of
poor air quality. Furthermore, over the
past 50 years, these areas have warmed
by about 1, 5, 3, 3, and 2°C, respectively
and currently experience a change in
system-wide utility load of about 1.3, 2,
2.7,5, and 1.3% per 1° C, respectively.
The correlation between ozone and

urban temperatures was investigated.
Figure 1a, for example, shows a correla-
tion of these variables for Los Angeles
and indicates that lowering urban air
temperatures may help reduce smog oc-
currence. We also investigated the po-
tential of large-scale vegetation and "
albedo modifications for offsetting all
or part of the effects of past urban
warming,. In Figure 1b, the simulated
_potential impacts of surface albedo
modifications on urban air tempera-
tures show that a change of 0.10 in al-
bedo can result in temperature
depressions of 2°C in the afternoon on
clear summer days. Our simulations of

\

the vegetative effects indicate that add-
ing a 20% vegetation cover to otherwise
bare soil has the potential for reducing
the air temperature by about 7°C under
the vegetation in the afternoon on clear
summer days. These preliminary one-
dimensional simulations ' will be ex-
tended to all of the study areas during
the second phase and will be refined
through the use of two- and three-
dimensional models.

Investigators R
H.G. Taha

R.L. Ritschard

Figure 1b.

Atr temperature differences (°C),
Los Angeles, after albedo
modifications (simulated).
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- Global Environmental Impacts Network for Developing Countries

Impact assessments of global climate
change conducted to date through the
Intergovernmental Panel on Climate
Change (IPCC) process have not always
been able to consider adequately the
potential environmental effects of cli-
mate change on developing countries.
This deficiency has resulted both from
the lack of organization on the part of
the environmental scientists in the de-
veloping countries and from an inabili-
ty to articulate clearly country-specific
issues. Physical and biological scien-

. tists as well as policy analysts who can

represent the key environmental issues
within their countries must form coop-
erative networks if environmental im-
pacts are to become part of future
global climate change assessments.
Future impact assessments and country
studies will require country-specific
data and expertise. In an effort to ad-
dress this need, a study was initiated in
1992 to establish a network of environ-
mental scientists and policy analysts in

"key developing countries. Using data

IPCC IMPACT ASSESSMENT

DEVELOPING
COUNTRIES

U.S. DEPT..
OF ENERGY

Brazil
China
Ghana
‘(India)

GLOBAL CLIMATE CHANGE
ENVIRONMENTAL IMPACTS
NETWORK

Bangladesh

(Indonesia)

LBL

-

(Kenya) .
Malaysia
Marshall Is.
Mexico
Thailand
Vietnam

ACTIVITIES

o

Identify country-specific issues

o Conduct assessments of these issues

o Share data, methods, and experience

o Convene workshops on impacts in
developing countries .

o Prepare position papers for DOE

o Participate in IPCC, IGBP & other

activities

== Figure.

Schematic of global climate change environmental impacts network
(IGBP = International Geosphere-Biosphere Programme).
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and expertise from the participating
countries, this network will conduct

. environmental assessments of country-

specific climate change issues (Figure).

The goal of the study during the first
year was to organize the network and
identify which climate change issues
are of critical importance to each coun-
try. We selected 12 developing coun-
tries for the network and invited
participation from each of them. To
date, nine countries have agreed to join:
Bangladesh, Brazil, China, Ghana,
Malaysia, Marshall Islands, Mexico,
Thailand, and Vietnam. We are await-
ing confirmation from representatives
in India, Indonesia, and Kenya.

We have asked participants to identify
key environmental issues facing their
countries with special emphasis on those
issues perceived as potential impacts of
global climate change. We also request-
ed information about available data that
might already exist from monitoring
activities, satellites, model simulations,
and published reports. In addition, we
collected information on in-country re-
search capabilities, the availability of
resources for doing environmental as-
sessments, and existing in-country envi-
ronmental expertise. The results of the
first year will be documented in a pre-
liminary report that will summarize the
environmental science “infrastructure”
(i.e., who is doing what, what is cur-
rently known) in each country.

Next year, we plan to host a work-
shop of the network representatives to
allow for more in-depth discussion of
the specific environmental issues and
methodologies and to assist in the selec-
tion of one or more assessment topics
that will be initiated during the second
year of the study. We anticipate that

“this network will provide DOE with a

working group of high-level environ-
mental scientists and policy analysts
who can assist DOE in some of its IPCC
assessment activities.

EEEENNNR [1vcstigators [
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China’s Energy System:
Current Issues, Possible Evolution, and Global Warming

This project studies three themes that
are raised by the energy-consumption
patterns in China. The first is the im-
portance of energy for economic devel-
opment, which has already seen
exceptionally rapid growth (averaging
more than 10% real per year since 1982,
the highest of any major country in the
world). The second theme is the em-
phasis that China has placed on energy-
conservation programs and investments
since 1981. The third relates the conse-
quences of economic and energy
growth to the critical worldwide issue
of global warming.

China is the third largest consumer of
energy in the world after the U. S.and
the former Soviet Union. Its system of
energy supply and consumption is
unique among those of large countries:
it relies heavily on coal and biomass,
and a large part of commercial energy is
consumed by heavyindustries. China's
pattern of energy resource endowments
virtually ensures that coal will be its
main source of energy during the next
several decades. Industry will also con-
tinue to be the largest consumer and
will account for the bulk of increases in
energy demand.

The rapid economiic growth of China
has far outstripped the ability of energy
production to keep pace with demand.
While the shortages have had major ad-
verse effects throughout the economy,
energy continues to be used in back-
ward and inefficient ways.

In order to achieve its goals, China
has reorganized the importance of en-
ergy efficiency. It is virtually impos-
sible for energy growth to keep pace
with the economic goal of quadrupling
GNP between 1980 and 2000. Energy
and economic growth have been par-
tially decoupled in China since 1980.

As a result, energy growth fell from 150
to 200% of economic growth prior to

* 1980 to 50% of economic growth post-
1980. In our study we examine the
changes in energy consumption pat-

terns since 1978 that account for the re-
markable drop in the energy elasticity
of gross domestic product (GDP)
{A%Energy/A%GDP), as well as the
policies and programs that caused these
changes in consumption patterns.

Energy-conservation investments and
policies implemented by the central
government during the Sixth and Sev-
enth Five-Year Plans (1981-1985 and
1986-1990 respectively) are examined.
The cost of conserved energy of invest-
ments undertakeri in the Sixth Five-
Year Plan was considerably below the
cost of new energy supply, and the pro-
grams can be considered for the most
part successful. The energy intensity of
important energy-consuming industrial
subsectors decreased markedly over the
same period, in part due to the conser-
vation investments.

The significance of China’s experi-
ence to the international community is
important. If the experience of reduc-
ing energy intensity can be sustained,
China could play a critical role in reduc-
ing projected growth of CO, emissions
worldwide even as its share of total
emissions continues to grow. The ma-
jor focus of our continuing research on
energy in China is to collaborate with
the Chinese in understanding the op-
portunities for increased gains in en-
ergy efficiency.

Reference
Levine MD, Liu F, Sinton JE. China’s energy
system: historical evolution, current

issues, and prospects. Annual Review of
Energy and Environment 1992;17:405-435.
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_ China Energy Databook

This project, conducted in association
with the Energy Research Institute (ERI)
of the State Planning Commission of the
Peoples Republic of China, resulted in
publication of the China Energy Data-
book, a compendium of data on multiple
aspects of China’s energy system and
related topics. Some of the data in this
volume are available scattered through-.
out other English-language sources, but
no other reference dedicated to China
has energy as its central theme and
pulls together the same variety and
quality of material.

Several features of the Databook are
worth noting. First, because much of
Chinese statistical material is classified
as officially secret, we were able to use
only material that had been published
and was nominally available to the
public in China and abroad. Much of

\\\§§

the material, however, had limited cir-
culation within China and was difficult
to obtain even there. ERI collected much
of this hard-to-find information, and its
inclusion in the Databook represents a
significant contribution to the body of
material available to Western analysts.
Second, most of the contents of the
Databook had not been previously avail-
able in English. Lastly, the data have
been extensively researched and are
annotated more thoroughly than in
most of the original sources, making the
volume a more useful tool for analysis
than other statistical compilations.

The Databook is organized into nine
chapters; each details a different aspect
of China’s energy system. Each chapter
has a short introduction, designed to
stand alone, covering points of major

-interest in the chapter. Chapter I describes
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China’s energy resources (potential en-
ergy stocks) and reserves (known energy
stocks), and compares them with those
of some other major countries.

Chapter II addresses energy produc-
tion. The major themes are sustained
production increases and the dominance
of coal, which accounts for 74% of pri-
mary energy production. In addition to
information about the supply of main
energy sources, data on trends in pro-
duction capacity and regional differences
are also presented (Figure).

Chapter III details investments in
China’s state-run sector, a key element
in preparing near-term forecasts of
energy supply. Industry accounts for
the greatest part of state investment in
China, and the energy industry accounts
for 30% of that. When all investments
(including the increasingly large collec-

-t

o
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Figure.

Commercial energy production in China, 1989.



tive and private investments) are con-
sidered, the energy industry still re-
ceives about 20%.

The fourth and largest chapter of the
Databook addresses energy consumption.
Nearly two-thirds of energy is used in
industry, a fraction that has remained
stable throughout the 1980s. Of special
interest in this section are newly available
subsectoral industrial energy consump-
tion data (1980-1990) that are paired with
subsectoral gross output value data.

Chapter V describes activities and
products that are responsible for
growth in energy demand. The chapter
includes trends in transportation, stocks
of energy-consuming equipment, and
production and energy intensity of a
few key industrial products.

In its August 1992 meeting in
Geneva, Switzerland, the Energy and
Industry Subcommittee of the Policy
Response Panel of the Intergovernmen-
tal Panel on Climate Change (IPCC) re-
quested a report on electricity end-use
efficiency to understand better opportu-
nities to reduce the growth of carbon
emissions. We were requested to pro-
duce this report, which provides an in-
depth review of:

~

* the status of available technologies
for increasing electricity end-use
efficiency,

¢ factors currently limiting applica-
tion of end-use efficiency technolo-
gies, and

¢ policies available to increase elec-
tricity end-use efficiency.

The report provided detailed analy-
ses of these topics. The major conclu-
sions were as follow:

* Half of the increases in energy-re-
lated carbon dioxide emissions in -
the last two decades are a result of
electricity production. A compa-
rable share is likely to be produced
from electricity generation in the
future.

¢ Increases in electricity end-use effi-

LBL Energy & Environment Division: Energy Analysis Prograim 1992 Annual Report

Imports and exports of energy and
energy-intensive products are presented

"in Chapter VI. Chapter VII, a short chap-

ter on energy-related environmental
topics, presents the limited data avail-
able on carbon dioxide emissions as
well as industrial emissions of particu-
lates and sulfur dioxide. Chapter VIII
compares Chinese energy data with
those from several other countries:
India, Japan, the U.S., and the former
Soviet Union. The last chapter contains
data on various economic indicators
(gross national product, gross output
value, and national income) and on
population.

Because new energy and other data
become available constantly, we plan to
issue updates to this volume annually,

Electricity End-Use Efficiency:
Experience with Technologies, Markets, and Policies Worldwide

ciency beyond those expected to
occur under current policies can
significantly reduce the growth of
electricity use and associated car-
bon emissions.

* Because of sufficient experience
with both technologies and poli-
cies, we can be confident that sig-
nificant increases in electricity
end-use efficiency are possible in
practice.

* Many end-use efficiency invest-
ments are more cost-effective than
new electricity supply investments
when evaluated with common cri-
teria (e.g., using the same discount
rate).

#Policies such as utility demand-side
management programs, informa-
tion and labeling programs, volun-
tary and mandatory appliance and
building standards, and “golden
carrot” financial incentives have
been successful in accelerating in-
vestments in end-use efficiency.

. Policies that remove market distor-
tions serve to promote both eco-

nomic and end-use efficiency. Care

must be taken to make certain that
policies are adopted that promote
both energy and economic effi-
ciency.

as well as to expand the scope based on
comments from users of the Databook.
We intend to reissue the entire volume
on a triannual basis.

Reference

Sinton JE, Levine MD, Liu F, Davis WB,
Jiang ZP, Zhuang X, Jiang K], Zhou DD.
China Energy Datebook. Lawrence
Berkeley Laboratory Report No. LBL-
32822, 1992.
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*Making these efficient electricity
end-use technologies widely avail-
able in developing countries could
contribute in important ways to a
global effort to increase electricity
end-use efficiency, thus reducing

growth in electricity supply and in
greenhouse gas emissions.

Future work for the IPCC is likely to in-
volve reviews of technologies, market
factors, and policies in various coun-
tries for reducing the growth of green-
house gas emissions.

Reference
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Price L. Energy End-Use Efficiency:
Experience with Technologies, Markets, and
Policies Throughout the World. Washington,
DC: American Council for an Energy-
Efficient Economy, 1992.
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The question of how much energy
could be saved in the industrialized
countries through improved energy

_ efficiency has been the subject of many
studies and considerable debate. To
explore this question further, we con-
structed a plausible portrait of how en-
ergy intensities in the member countries
of the Organization for Economic Coop-
eration and Development (OECD) will .
evolve over the next 20 years, and then
we estimated how this projection might
be different given changed “boundary
conditions” with respect to energy pric-
es and efficiency policies. The scenarios
draw ona detailed sectoral database
covering the 1970-1988 period that we
developed for the U.S,, Japan, and sev-
en European countries: The scenarios
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Using Scenarios to Explore Future Energy Demand
in Industrialized Countries

are built from patterns of energy use in
1985 for approximately 25 end uses.

Within each sector, each scenario em-
bodies the same growth in activity and
structural change. The Trends scenario
reflects our judgment about energy effi-
ciency improvements that are likely to
occur if energy prices evolve as current-
ly expected and if policies and programs
now in place or under development are
reasonably effective. In many cases, the
stock-average intensities in 2010 are
near the average values for new tech-
nologies in 1990.

The scenario called Efficiency Push
ervisions a future in which full adop-
tion of marginal-cost pricing and inter-
nalization of some environmental
externalities boost real energy prices to

Elec. Gen. Losses
Transport

] Services

Homes
MW Industry

Efticiency

users by 25-50% relative to the Trends
scenario. Governments step up the role
of energy efficiency policies, with par-
ticular emphasis on automobiles and
retrofit of existing buildings. Most in-
tensities decrease between 1985 and
2010 at approximately the same rate as
they did between 1972 and 1985. For
many end uses, the average intensity
levels in 2010 are near the lowest of
new technologies in 1989.

The Vigorous Effort scenario depicts
what might be attained if energy prices
rose significantly, if a very strong effort
were made to improve new energy-us-
ing technologies, particularly for motor
vehicles, and if a comprehensive pro-
gram of retrofitting buildings and facto-
ries were undertaken as well. Energy

. prices rise to 50-100% higher than in the

Trends scenario, reflecting incorpora-
tion of strong carbon taxes as well as
more aggressive internalization of ex-
ternalities associated with local envi-
ronmental problems related to energy
production and use. National and in-
ternational consensus to improve the
efficiency of new and existing technolo-
gies is reached in the mid-1990s, lead-
ing to rapid response from transnational
manufacturers, national and local ener-
gy supply authorities, and other actors.
Energy efficiency research and develop-
ment are pursued in earnest, leading to
cost reductions. The rate of decline in

Ml Figure.

Primary energy use in the OECD:
1985 actual and 2010 scenarios.
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intensities resembles that which oc-
curred in the 1979-1983 period, when
energy prices and programs stimulated
much action to save energy. Average
intensities in 2010 lie below the lowest
of new technologies on the market in
1989, but are close to the levels achieved
by the best products expected to be
available by the mid-1990s, or-at levels
represented by current prototypes.

Whereas in Trends the energy inten-
sity reductions relative to 1985 are
mostly in the 15-25% range, Efficiency
Push results in reductions of 35-50%.
Intensities in the Vigorous Effort sce-
nario are 50-75% less than 1985 levels.
The intensities of automobile travel and
home heating in particular fall consid-
erably. In Vigorous Effort, the energy/
gross domestic product ratio is about
60% lower than in 1985. The improve-
ments in Efficiency Push yield a reduc-
tion in total OECD primary energy use
in 2010 of 22% relative to Trends, and -
demand is about the same as it was in
1989 (Figure). In the Vigorous Effort
scenario, energy use is 44% less than in
Trends and is nearly 30% less than the
actual use in 1989.

To judge the plausibility of the inten-
sity declines described in the scenarios,
we compared the rates of change to his-
torical experience. The average decline
in the weighted average of the energy
intensities is 2%/ year in Efficiency
Push—slightly less than the 2.3%/year
achieved between 1972 and 1985. In
Vigorous Effort, average energy intensi-
ty declines by 3.6%/year, close to the

rate experienced in many countries dur-
ing the period 1979-1982, when energy
prices rose sharply and various policies
were implemented. Sustaining such a
rate over 20 years would require a
major and concentrated effort. It would
not take an enormous amount of tech-

nological innovation, but would require

great effort to accelerate the market
penetration of highly energy-efficient
technologies and practices.

References
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- Energy Use in Sweden -

We were asked by the Swedish gov-
ernment to analyze developments in
energy use in that country since the
1970s, to evaluate Sweden'’s achieve-
ments in energy conservation, and to
compare those achievements with de-
velopments in other industrialized
countries. In our work, we found that
Sweden achieved modest energy sav-
ings of 5% of 1990 primary energy use
relative to its position in 1973. '

The study was initiated with a thor-
ough analysis of the structure of Swed-
ish energy use—characteristics of
housing and household equipment, the
structure of transportation activity, the
production mix in industry—as well as
the use of energy associated with each
of these features. From these data we
developed time series of energy intensi-
ties of energy use per unit of activity or
of output for manufacturing industries,
of space heating, electric appliances,
travel and freight activity, and other en-
ergy uses.

From this analysis, we found many
surprising characteristics of Swedish
energy use. Swedes have the highest
indoor living standard in Europe, and
own among the most, as well as the
heaviest, automobiles.: They travel
somewhat more than average for
people in Northern Europe. Sweden’s
industrial mix is weighted toward more
raw materials than those of most of her
neighbors (with the important excep-
tion of Norway). This activity mix is
important for Sweden: changes in the
mix of sectoral activities and structure
led to an increase in energy use in Swe-
den of 32% between 1973 and 1989,
slightly less than the increase in Gross
Domestic Product (GDP) during the
same period. Unlike many other coun-
tries, Sweden saw an internal canceling
of many of the important structural
changes within sectors of energy use.

Energy intensities in Sweden have
declined since the early 1970s (Figure).
The most important component of this
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drop has been that of oil in buildings
and-industry, but not in transportation.
Usinig a methodology we developed,
we aggregated the impact of the overall
changes in energy intensities.

~ Weighted by 1973 energy use, these
changes caused a decline in delivered
energy of 26% and a decline in primary
energy of 8%. The difference between
these two figures reflects the 43% in-
crease in electricity intensity, caused
mostly by large-scale substitution of
electricity for oil as a space-heating fuel,
and to a smaller extent by the stable
electricity intensities in industry. These
two results lie, interestingly enough,
close to the changes observed in the ra-
tio of delivered or primary energy use
to GDP in Sweden, reflecting the way in
which major structural shifts canceled
each other out.

In the coming year, we will compare
the achievements in efficiency in Sweden
with those in Denmark and Norway,
with particular emphasis on changing
lifestyles of the Scandinavian people.

References
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The Vicious Circle of Measuring Automobile Fuel Use -

Automobiles are a significant source
of air pollution as well as of carbon di-
oxide, a major greenhouse gas. Unfor-
tunately, obtaining data that accurately
reflect actual fuel consumed by automo-
biles is one of the most serious problems
facing research on this topic. In the course
of our study, we carefully collected or
derived data on all aspects of transpor-
tation activity and energy use. The
structure of fuel consumption that we
found using our detailed data is consid-
erably different from that based on the
traditional international sources of data.

We identify a number of difficulties
inherent in measuring the fuel use of

-automobiles. The most important is
that international analyses of automo-
bile fuel use often incorrectly employ
the values for “total gasoline” found in
traditional international data sources as
a proxy for actual fuel consumed by au-
tomobiles. This is a problem because
these data represent total gasoline used
for all vehicles including automobiles, -
motorcycles, buses, trucks, and other
miscellaneous vehicles and because
these data do not include other fuels
used by automobiles. As shown in the
Figure, in the early 1970s, values re-

orted for total gasoline use by all ve-

Eicles were typically 10 to 50% higher

han actual total automobile fuel used
in industrialized countries. That differ-

Road Gasoline/Total Auto Fuel

ence shrunk over time as more trucks,
buses, and cars switched to fuels other
than gasoline. In the 1980s, because of
the prominence of diesel fuel and lique-
fied petroleum gas, total road gasoline
consumption for all purposes was actu-
ally less than total automobile fuel con-
sumption in France, West Germany,
and Italy. We found that growth rates
in the use of fuels for automobiles be-
tween 1970 and 1990 are as much as 2%
per year higher than those for total
gasoline. Thus, we reject “total gaso-
line” as a useful proxy for the fuel con-
sumed in automobiles.

A variety of earlier studies has mod-
eled gasoline or automobile fuel use as
a function of price, income, and other
variables. We formulated our own
simple model and tested it using both
“total gasoline” and the correct quantity
of automobile fuel consumed. We
found that using total gasoline to repre-
sent automobile fuel leads to a slight
overestimate of price elasticities and an
important underestimate of income
elasticities for automobile fuels. Using
gasoline prices rather that the price of
fuel weighted by actual gasoline and
diesel consumption, however, leads to
only very small and insignificant errors.

We identify a vicious circle among
four parameters used to describe auto-
mobile use: automobile fuel consumed,

— Norway
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distance traveled per vehicle, total
number of automobiles, and fuel use
per kilometer traveled. Each of these el-
ements is hard to measure and subject
to errors in analysis. Thus, indicators of
fuel use per car or fuel use per kilome-

- ter are only valid for analyses if they

can be shown to belong to a self-consis-
tent circle of these basic data. For the
first time, we provide our own data on
automobile fuel use and distance trav-
eled. While our results are under con-
stant revision, we argue that important
gaps in our knowledge of automobile
fuel use can be filled.

Finally, we reflect on the fuel inten-
sity gap, the well-known disparity be-
tween the tested fuel intensity of new
cars and the actual intensity obtained
under real driving conditions. We find
that in the U.S,, France, West Germany,
and the UK., published test figures for
fuel intensity (in liters of fuel per kilo-
meter traveled) for new cars underesti-
mates actual consumption by 15 to 25%.
As with the other data problems identi-
fied above, we conclude that the fuel
economy gap can only be resolved
through careful collection of consistent,
detailed data.
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- Crash and Rebirth: Energy Demand in the Former Soviet Union

Using a detailed, bottom-up model of
the demand for energy in the former
Soviet Union, we built scenarios of en-
ergy use there in 1995 and 2010. At the
heart of our analysis is a major decline
in industrial production, which accom-
panies a crash in income over the pe-
riod 1990-1995. Under our detailed
assumptions, final energy demand falls
for all sectors (Figure). The largest
change occurs in industrial energy de-
mand, which drops by 39%. A smaller
decline occurs in the transportation sec-
tor, while the residential and services
sectors remain equal to their 1985 lev-
els. Consumption of all fuel types (ex-
cluding feedstocks) declines significantly,
and the decline in oil consumption is
probably great enough to keep pace
with a fall in oil production expected to
continue in 1993 and 1994.

Our earlier work noted that energy
use in the former Union is extremely in-
efficient. ‘What could happen if an ef-
fort is made to improve this dismal
situation? Here we consider three sce-
narios for efficiency and conservation
improvements by the year 2010. Based

“on previous estimates of energy effi-
ciency prospects, we calculate total en-
ergy consumption for each main end use.

The “Slow Reform” scenario illus-
trates what might happen if the dissolu-
tion of the Union and public opposition
hinder the momentum of reform, and if
energy is deemed a plentiful resource
(in Russia) relative to important energy
efficiency ingredients such as capital
and technical know-how. Prices are al-
lowed to rise slowly to internal replace-
ment levels, roughly 2-3 times the 1985
levels, although these still would lie be-
low Western levels in many cases.
However, no special effort is under-
taken to meter and charge for energy as
used. As of late 1992, energy prices
rise, but do so less rapidly than prices
for most other goods and services. Un-
der these circumstances, we expect a
slow decline in the energy intensities of
industry, household, and service-sector
heating through gradual replacement of
old facilities and equipment. Relatively
little effort and scarce capital are fo-
cused on energy efficiency however;
and only a modest amount of Western
technology penetrates into the former
Soviet economies.
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In the “Rapid Reform” scenario, de-
velopment of a market economy pro-
ceeds at a relatively fast pace with
substantial assistance and investment
from the West. Energy prices rise to
‘their border levels, i.e., levels reflecting

what energy (at least oil and gas) brings

in hard currency in international mar-
kets. As long as-the ruble is weak, or
virtually non-convertible, energy prices
will remain very high. Energy intensi-
ties decline to average 1985 Western Eu-
ropean levels. Today’s least productive
factories are closed and there is consid-
erable investment in new factories that
utilize state-of-the-art technology. A
rapid upgrading of the quality and du-
rability of components of industrial and
consumer goods takes place, which
helps to boost energy efficiency. The
energy efficiency of new homes in-
creases, bolstered in part by improved
quality of design and components. En-
ergy users face prices that reflect actual
consumption, not just allocations.

The “Extra Effért” scenario is similar
to “Rapid Reform” except it assumes
that energy efficiency is given higher
priority by authorities and energy users
alike. The result is that average intensi-
ties fall to, at, or below the same leve] as
current new Western European intensi-
ties, or approximately the level of West-
ern European energy intensities we
expect in 2010.

The Figure also shows final energy
demand for the 2010 scenarios. In “Slow
Reform,” the final demand for energy is
about at its 1985 level. In “Rapid Re-
form,” the level has fallen, and in “Ex-
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tra Effort,” energy demand is far below
its 1985 level. The main uncertainty is
the rate at which market reforms and
institutional measures together increase
the incentive to improve energy-use ef-
ficiency and remove historical (as well
as lingering) barriers to efficiency. Be-
cause of uncertainties over the long-
term fuel mix in the former Soviet
Union, we did not make any estimates
of the components of primary energy in
2010, but we expect oil and gas to be the
main fuels in that year.

With the economic crisis worsening
daily, the pace of efforts there to focus
on long-term economic reform—includ-
ing energy efficiency—has slowed. Fu-
ture research will focus on how these
two goals can be linked. Because energy-
use patterns in the individual former re-
publics of the former Union are so
poorly known, both by insiders and out-
siders alike, we will focus our efforts on
understanding energy use and efficiency
in the former republics in the coming year.
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Environment, Economics, and the Long-Term Future -

A broad class of environmental prob-
lems is characterized by the asymmetric
distribution of benefits and impacts
over time. Activities that generate toxic
and radioactive substances, greenhouse
gases, and other environmental insults
yield perceived benefits to today’s
economy. While such activities have
few immediate effects, cumulatively
they threaten the long-term environ-
mental stability with potentially far-
reaching implications for human and
ecological systems.

The impacts of such long-term envi-
ronmental threats are highly uncertain.
Many products of modern technology
do not exist apart from their manufac-
ture by humans. Others, while natu-
rally occurring, are today released by
human activities at rates rivaling or ex-
ceeding the assimilation capacity of na-
ture. Because we are perturbing the
environment in a manner lying outside
the range of historical experience or the
capabilities of laboratory simulation,
there can be no certainty regarding the
impacts of climate change, the safety of
hazardous waste storage, and other en-
vironmental insults.

. Approaching the policy challenges
posed by long-term environmental
problems is controversial both in theory
and in practice. Some argue that poli-
cies should be designed to equate the
marginal costs and benefits of pollution
abatement, measured in rrionetary
terms. Others argue that the imposition

of long-term environmental risks is

‘morally unacceptable because it threat-

ens the welfare of future generations.

Untangling the issues behind this
controversy is the focus of this work.
We explore the theoretical foundations
of cost-benefit analysis, outlining two
characteristics that constrain its useful-
ness in the analysis of long-term envi-
ronmental problems. First, the
approach is blind to the distribution of
impacts between social groups and be- -
tween present and future generations.
To the extent that issues of distribu-
tional equity are important to
decisionmakers, this necessitates the
use of explicit ethical criteria in policy
formulation and evaluation. Second,
cost-benefit techniques are generally ill-
suited to the analysis of problems char-
acterized by substantial uncertainty. In
theory, cost-benefit analysis under un-
certainty is a simple extension of well-
established methods. In practice, the
information requirements are often be-
yond the means of practical implemen-
tation.

As an alternative to cost-benefit

. analysis, this project explores the impli-

cations of the precautionary principle as
a normative approach to long-term en-
vironmental management under uncer-
tainty. The precautionary principle is
derived from the concept of sustainable,
development, and holds that policies
should seek to reduce threats to future
welfare if the costs of doing so would

not significantly reduce the subjective
well-being of present or future persons.
If one accepts this value judgment as
reasonable, then one is left with a policy
criterion that is operationally decisive -
under a wide array of circumstances.
Ongoing research focuses on the ap-
plication of these principles to the
policy challenge posed by global cli-
mate change. )
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_ Market Barriers to Energy Efficiency

The efficacy of the market mechanism
in achieving a socially desirable leve] of
energy efficiéncy has generated consid-
erable debate. According to the simplest
neoclassical models of competitive mar-
kets, perfectly informed, rational indi-
viduals consider the total costs of their
decisions when purchasing energy-using
equipment. If the value of the energy
savings generated by improving the
energy efficiency of a device exceeded
the cost of the improvement, competitive
producers could increase their profits
by exploiting consumers’ willingness to
pay for the change. It follows under
these assumptions that all efficiency
measures that were cost-effective at
prevailing prices would be realized by
competitive markets. The problem of
energy policy would thus be reduced to
ensuring that energy prices reflected
the full social costs of energy production
and utilization.

The validity of this idealized model
as a description of observed reality has
been cast into doubt by a large body of
literature showing that many technologies
yielding cost-effective energy savings
fail to achieve full market penetration.
The factors behind this “efficiency gap”
have been explained mainly in terms of
“market barriers” related to consumer

Price of Energy

decision-making. Consumers are said to
lack full information regarding available
energy-efficient technologies, use a dis-
count rate that is “too high” in evaluat-
ing investments in energy efficiency, or
simply lack the means to evaluate care-
fully the consequences of their decisions.
In some cases, the costs and benefits of
energy efficiency improvements may ac-
crue to different agents, splitting the in-
centive to invest in otherwise attractive
technologies. Finally, transaction costs
may swamp the often small net benefits
achievable by individual consumers.
The existence of an efficiency gap
suggests the possibility that energy use
may be reduced relative to status quo
levels at a net cost saving. The achieve-
ment of an ideal level of energy efficiency
would thus involve a two-step process
(Figure). First, energy prices would be
set to reflect the full social costs of energy
production and utilization, including
external environmental costs. Proper
pricing shifts the energy supply curve
inward from the S to §*. Second, poli-
cies should be implemented to improve
market performance given prevailing
prices, shifting the demand curve from
the laissez faire D to the cost-effective
D* without reductions in energy services.
Only when these measures are imple-
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Coordination of energy pricing and policies to remove market barriers.
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mented in tandem is energy use reduced

from the status quo E to the socially
efficient leve] E* without incurring
offsetting social costs.

Such arguments have had a significant
impact on energy policy. The economic
underpinnings of the presumed efficiency
gap, however, have not been firmly es-
tablished. While a plausible case may
be made that market barriers impede
the adoption of certain energy-efficient
technologies, little effort has focused on
the analysis .of these barriers using for-
mal models rooted in economic theory.
The argument that consumers use espe-
cially high discount rates in evaluating
the present-value costs of energy-using
technologies, for example, is theoretical-
ly objectionable. Why would a rational
person pass up a 100% return when
alternative investments yield only 5 to
10%? Either the facts are wrong, or
consumers are “irrational” in the sense
that they do not evaluate energy-using
technologies in a manner consistent
with life-cycle cost criteria, or there is
more to the story than meets the eye.

This project examines a theoretical
analysis of demand-side market imper-
fections that drive a wedge between the
cost-effective level of energy efficiency
and the level that is realized by the in-
teraction of rational agents in the mar-
ketplace. We find that consumer per-
ceptions regarding the performance of
energy-using equipment have an im-
portant impact on the market potential
of energy-efficient devices. Even when
consumers correctly estimate and seek
to minimize the total costs of equipment
ownership, anomalies in the transmis-
sion of information between producers
and consumers may result in an inade-
quate level of energy efficiency in unfet-
tered competitive markets.
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This project examines the structure
and intensity of energy demand by pre-
senting a descriptive history of the cou-
pling between energy and economic
activity in five nations: the United States,
Norway,Denmark,.West Germany, and
Japan. The time frame of our analysis—
1973 to 1988—allows us to examine the
trends that prevailed during periods of
both increasing and decreasing energy
prices. We decompose and analyze the
changes in the level of energy end use
to estimate the contribution of changes
in both energy intensities and the corre-
sponding activities that drive energy
use. :

Our focus is on the use of fuels and
electricity to provide energy services to
end users. Both purchased and non-
purchased fuels are considered, includ-
ing for example the use of waste biomass

Index, 1973=100
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The Structure and Intensity of Energy Use:
Trends in Five Industrialized Nations

in industry. Although we do not ex-
plicitly examine the energy sector, we
weight district heat and electricity by
factors of 1.15 and 3.24 to obtain a mea-

‘sure of primary energy use that accounts—

in an approximate way—for the thermal
losses associated with the production
and distribution of these energy carriers.
We decompose energy use by category
according to the sector and/or context
in which it occurs. For each category
we define an indicator that measures
the activity associated with the energy
use. Our activity indicators conform to
established conventions in the energy
literature. For residential space heat,
for example, activity is defined as heated
residential floor area. For the iron and
steel sector, activity is measured in
terms of real value-added, whereas pas-
senger-kilometers are used for automo-
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bile transportation. For each category,
we then define energy intensity as the
ratio of energy use per unit of activity.

Between 1973 and 1988, primary energy
use per unit of gross domestic product
(GDP) fell by 24% in West Germany,
27% in Norway, 29% in the United
States, 34% in Japan, and 35% in Den-
mark. While these figures are similar in
aggregate terms, the factors behind
them vary from nation to nation. We
calculated the development in energy
use that would have occurred if energy-
using activities had remained frozen at
their 1973 levels while energy intensi-
ties followed their actual paths (Figure)..
The data indicate that energy intensities
were relatively constant in Norway
while reductions of up to 20% occurred
in the other nations. For the United
States and West Germany, the change
in real energy intensity (the index of
changes in individual intensities
weighted by base-year activity levels)
closely matched the change in the ener-
gy/GDP ratio. In Japan, however, real
intensity fell by just 14%—only half the
reduction in the energy /GDP ratio. A
smaller gap (20% vs. 26%) was observed
for Denmark.

Energy intensity reductions were
most rapid in the late 1970s and early
1980s, a period marked by high and
unstable oil prices. In most cases, the
trend slowed or reversed by the mid-
1980s as real energy intensity approached
an apparent plateau. This pattern was
observed first in Denmark where energy
intensity was relatively stable after 1981.
Intensity changes varied among the sec-

[ ] Figure.

The hypothetical development of |
primary energy use given actual
energy intensities and fixed 1973
activity levels.
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tors and countries, but common trends
prevailed in many cases. Fuel intensi-
ties fell considerably in manufacturing,
air travel, residential space heating, and
in the service sector. There was also a
strong decrease in automobile fuel in-
tensity in the United States, but not in
Europe and Japan. Higher energy prices,
autonomous trends in technology (es-
pecially in manufacturing and air travel),
and, in some cases, energy efficiency

. programs and policies caused the de-
clines in intensities. Electricity intensity
behaved rather differently, increasing

Energy usage in developing countries
is studied in this project. The countries—
13 of the largest developing nations—
were chosen because of their size and
energy usage. They also have accessible
data sources to facilitate this investiga-
tion.

Using statistical reports issued by
electric utilities or government agencies,
we assembled a consistent data series
for the countries. Electricity production
in the countries as a whole averaged
nearly 7% annual growth in the 1980-90
period. However, this average obscures
major differences among regions: gen-
eration grew much faster in China and
the rest of Asia than in Latin America
and Africa. Growth in electricity con-
sumption in 1980-90 ranged from only
4.2% per year in the Philippines to near-
ly 13% per year in Indonesia. In most
cases, residential- and commercial-
sector consumption grew faster than
industrial use, although the latter still
accounts for over half of total electricity
consumption in most of the 13 countries.

‘The mix of power sources for electric-
ity generation shifted strongly toward
coal in the 1980s for the 13 countries as
a whole. The share of coal in total gen-
eration rose from 28% in 1980 to 37% in
1990, while the share of oil fell from 24%
to 12%. Most of the oil backout occurred
in the first half of the decade; there was
an increase in oil-fired generation in

1980-1990
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in some cases (the service sector and
manufacturing in some countries) or
remaining relatively unchanged.

We also examined the change in
energy services relative to GDP. The
ratio of total energy-using activities
(weighted by their corresponding 1973
energy intensities) was relatively con-
stant in West Germany and the United
States, but fell by 4% in Denmark, 17%
in Norway, and 13% in Japan. Thus,
structural change—shifts in energy-
using activities relative to the aggregate
economy—caused essentially all of the

some countries in the late 1980s.

The importance of different sources
varies considerably. Coal is the domi-
nant source only in China and India,
but these two countries together account
for half of the total generation for the
13. The share of coal rose in both China
and India, and also increased in several
other Asian countries. Natural gas be-
came more important in Malaysia and
Thailand, while oil continued to play a
major role in Indonesia, Malaysia, the
Philippines, and Mexico. For the 13
countries together, the share of hydro-
electric power declined slightly, but
continued to play a dominant role in
Pakistan, Venezuela, and especially
Brazil.

The generating efficiency of thermal
power plants increased in a number of
the 13 countries in the 1980s as new
power plants came on line. The aver-
age efficiency varied considerably from
only around 25% in China and India to
more than 35% in Malaysia, Thailand,
South Korea, and Taiwan. Transmis-
sion and distribution losses rose in
some of the countries, but declined in
others. Here too there is a wide range
among the countries—from only 6-7%
in South Korea and Taiwan to over 20%
in India and Pakistan.

Carbon dioxide emissions from elec-
tricity generation rose considerably in
the 1980s. Emission per total GWh gen-

decline in the Norwegian energy /GDP
ratio and half of the decline in Japan.
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Trends in Electricity Demand and Supply in the Developing Countries,

erated are highest in China and India
because of their heavy reliance on coal.
The ratio rose in India in the 1980s—
and also in Mexico—but declined in a
number of the other countries as nucle-
ar power and natural gas played great-
er roles. '

The future evolution of electricity de-
mand and supply in the larger develop-
ing countries is the subject of a current
project whose findings will be reported
in 1993. The information from this
project provides a background for con-
sideration of future prospects. It shows
that the evolution of the power sector in
the 1980s was quite varied around the
developing world. While some com-
mon trends are apparent, such as the
relatively more rapid growth in resi-
dential and commercial consumption,
in many respects countries have had
differing experiences. Thus, generaliza-
tions across the developing world must
be made with care.
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~-Economics of Restraining Carbon Emissions from India,

This project is intended to examine
the economics of restraining carbon
emissions on the basis of long-term en-
eergy scenarios for developing countries.

The first phase of the project began in
FY 1988 and focused on an end-use ap-
proach to developing long-term energy-
demand scenarios for the developing
countries. In the second phase, initiated
in early FY 1989, we established a net-
work of analysts from institutions in
several of the largest energy-consuming
developing countries to develop sce-
narios of long-term energy use for each
country in order to project greenhouse
gas emissions.

Economic analyses of carbon emis-
sions from India, China, and Brazil
were addressed last year. The India
analysis suggests that while capital con-
straints on economic development
- would probably be addressed through
efficiency improvement, reducing the
foreign exchange burden of oil imports
will be far more difficult.

The China analysis shows that with
the anticipated decrease in energy in-
tensity coupled with rapid economic
growth of the Chinese economy, neither
capital nor foreign exchange are likely
to pose major constraints to economic
development. However, allocation of
capital and other resources will have to
shift increasingly toward reduction of
power-sector losses and end-use effi-
ciency improvements.

The potential for reducing emissions
is limited in India and China by the lack
of alternatives to coal. However, in the
case of Brézil,_alt_ernative resources of
hydroelectricity and biomass have the
potential to reduce carbon emissions
substantially—but at a higher cost.

We analyzed various scenarios using
the same model for each country.- A

China, and Brazil

scenario advocating 50% higher carbon
emissions for developing countries by
2010, which was used in Stanford
University’s Energy Modeling Forum-
12 study on global warming, was also
tested. With the use of our model, we
showed that none of the three countries
could meet the 50% limit on carbon .
emissions without substantial reduction
in gross national product (GDP). For
India, even steep reduction in GDP was
not enough; energy demands would
*have to be left unsatisfied.

Additional analyses of the India and
China options are being completed.
Similar analyses are also being con-
ducted for Thailand and Nigeria. These
findings will be reported in FY 1993.
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- Carbon Emissions and Sequestration in Tropical Forests

Carbon dioxide emissions from tropi-
cal forests rival those from energy use

in the developing countries. However, -

estimates of emissions from tropical for-
ests in the literature vary considerably.
The Tropical Forestry and Global Cli-
mate Change research network (F-7)
was established in 1990 during a meet-
ing of the Intergovernmental Panel on
Climate Change in Sao Paulo, Brazil.
The main objectives were to improve
the precision of the estimates of emis-
sions from tropical forests and to iden-
tify and study the response options in
the forestry sector. Unlike past meth-
ods of estimation, we have relied on a
network of participants from eight de-
veloping countries, using a spreadsheet
model that was developed at LBL, to
prepare estimates of emissions and se-
questration of carbon in their countries.
These countries are Brazil, Mexico, In-
donesia, Malaysia, Thailand, China, In-
dia, and Nigeria. By 1990, these
countries were estimated to represent
about two-thirds of the annual defores-
tation of closed moist forests.

The deforestation rate for 1990 seems
to have substantially declined from the
high levels of 1987 in many of these
countries. The new estimate for corre-
sponding emissions from the participat-
ing countries is about half of the earlier
estimates. Proportional projection of
these estimates to the tropical biome
shows that the total emissions are be-
tween 1.1 and 1.7 billion tonnes of car-
bon per year, with working average of
1.4 billion tonnes, which is significantly
less than other estimates. Whereas the
current estimates for Indonesia, Malay-
sia, China, and Thailand are higher,
those of Brazil, India, and Mexico are
lower than in most other recent esti-
mates (Figure).

In China, carbon dioxide emissions
from forestry are considerable, al-
though the amount is about half of the
1980 level. Some countries such as
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‘China, Malaysia, and Indonesia have

large human-grown tree plantations
which sequester large amounts of car-
bon. The total afforested area through
the base year for the F-7 countries ex-
ceeds 60 million hectares. The 1990 up-
take by growing stock in these countries
was estimated at 374 million tonnes of
carbon, with another 180 million tonnes
as committed sequestration from land-
use activities in the base year.

At present we are investigating re-
sponse options to increase carbon se-
questration and reduce emissions at a
net economic benefit and the potential
consequences of these measures. A
workshop was held in April 1992 to dis-
cuss the methodology for the economic
evaluation, and another meeting was
held in October 1992 to present prelimi-
nary results of economic and policy

evaluations of response options. Future
plans include completing the economic
and policy evaluations of response op-
tioris, refining the carbon estimates, ex-
tending the work to other forest-based
greenhouse gases, expanding the net-
work to include other countries, and
evaluating the feasibility of tradable
emissions rights for each participating
country.
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Economic growth in China has been
remarkable during the 1980s. Annual
gross national product (GDP) increased
at 8.7% and recorded double-digit lev-
els during this period. However, a con-
certed effort at all levels of government
managed to reduce energy growth to
only half that of GDP. Electricity gen-
eration grew more slowly than GDP un-
til 1985 and has continued at about the
same rate since then. :

On the supply side, the focus of effi-
ciency improvement has been to reduce
the heat rate of electricity generation at
the expense of increased losses in trans-
mission and distribution (T&D). T&D
losses are reported to be around 8% na-
tionwide. Detailed analysis of T&D
losses shows that they are actually
closer to 20%, with rural circuits experi-
encing losses up to 30%. Our analysis
shows that improving power factors, re-
placing inefficient transformers,

Satisfying transportation needs—
both for economic activities and for in-
dividual citizens—is a critical
requirement of socio-economic devel-
opment. However, the construction of
a complete transportation system can
burden both a nation’s economy and its
environment. The development of
transport systems in most developing
countries has been dictated by skewed
administered prices of fuels, taxes and
subsidies for various types of vehicles,
ignorance of environmental externali-
ties, colonial inter-urban rail and high-
way systems, and other similar
circumstances. The result is a transport
system which is barely coping in most
countries and yet is largely ignored by

development banks and donors because

it is too complex to attempt to fix. We
have explored these issues in a recent
project to examine the management of
the institutional and technological tran-
sition to a low-emissions future.
Congestion and air pollution are the
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Electricity Conservation in China -

reconfiguring networks, and upgrading
wiring are cost-effective means to re-
ducing losses. Indeed, improving
power factors is the most cost-effective
way to increase power-sector efficiency.

On the demand side, industries suc-
cessfully introduced measures to re-
duce the intensity of their electricity
use, particularly during the early 1980s.
Most of these improvements were real-
ized by electricity savings from indi-
vidual pieces of equipment. Significant
potential for improving efficiency lies in
further improvement of the efficiency of
end-use equipment, optimization of
production processes, and moderniza-
tion of plants.

Implementation of the following
types of measures can yield significant
efficiency improvements in China:

¢ Increase investment allocation to
reverse the declining share of in-
vestment for T&D;

- Transportation in Developing Nations

two important impediments to future
development of urban transport. Con-
gestion has increased travel time in ur-
ban areas of the developing countries.
Air pollution has become a major con-
cern in most large developing country
cities. Private vehicles, which account
for 96% of all passenger vehicles on the
road in Mexico City but provide only
23% of the person-trips per day, are
clearly the cause of congestion in the
city. These vehicles also account for an
estimated 70% of the hydrocarbons,

CO, and N,O in the region. Confronting

these twin problems is not easy and
only strong government intervention,
such as in Singapore, has succeeded in
controlling them.

Production and/or import of cars of
recent vintage has helped to improve
fuel efficiency over time in countries
where incomes have not fallen. Never-
theless, increased urban congestion has
limited the on-the-road efficiency im-
provement. Vehicles speeds have de-

¢ Establish standards for new high-
efficiency equipment;

¢ Eliminate regulations requiring in-
dustries to invest a fixed portion of
their depreciation funds in energy :
savings;

¢ Adopt uniform electricity pricing
based on cost of marginal supply
and environmental considerations.
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clined, which has increased fuel con-
sumption. Fuel consumption in Jakarta
is 30% higher due to traffic congestion,
amounting to $133 million of additional
fuel consumption. These monies could
be productively spent in Jakarta to re-
duce congestion.

During the next year, we will exam-
ine the prospects and barriers to en-
ergy-efficient transportation in Mexico
City, and ways to improve the effi-
ciency of transport systems in China
and India.
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During the last few years the energy
community has increased its interest in
the transfer of energy efficiency infor-
mation and technology to developing
countries. This concern culminated in
the summer of 1992 with the Rio Sum-
mit on the Environment. The Summit
resulted in the commitment by partici-
pants of the Climate Convention to
reduce pollution from energy use, pro-
mote technology transfer, and foster
sustained economic growth in develop-
ing countries.

This project reviews ongoing activi-
ties that promote partnerships between
industrialized and developing countries
on issues concerning energy efficiency
and sustainable development, with par-
ticular focus on three recent initiatives:
the Global Environmental Facility
(GEF), the International Energy Initia-
tive (IEI), and the Global Energy Effi-
ciency Initiative (GEEI). GEF, formed
through a unique tri-partite arrange-
ment with the World Bank, the U.N.
Environment Program, and the U.N.
Development Program, has the largest
budget and the largest mandate, i.e., to
protect the global environment. Given
such a broad edict, it is unclear what
role energy efficiency will play in the
slate of GEF activities. 1El is led by de-
veloping country interests with strong
leadership from experts in the field of
energy efficiency, but success will likely
rest on IEI's ability to secure stable
funding. GEEI is an American-led ef-
fort supported by a wide array of ener-
gy efficiency institutions, yet coalescing
these broad interests may prove diffi-
cult. Each initjative has the unique po-
tential to shape future development,
but all are initiatory programs and their
future impacts are much a function of
conjecture. :

An increasing number of institutions
are involved in the promotion of energy
efficiency to developing countries. The
peripheral involvement of established
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- International Energy Efficiency Initiatives

institutions like the U.S. Agency for In-
ternational Development and multilater-
al development banks is broadening,
although supply-side interests continue
to dominate funding patterns. The more
targeted promotion of energy efficiency
is provided by recently emerged national
and intergovernmental efficiency centers
and by certain non-governmental orga-
nizations. Such efficiency centers may
prove particularly critical for economies
in transition, where efficiency may
prove a key ingredient for economic
integration into the competitive market-
place.

In the last two decades, energy effi-
ciency has evolved from an isolated con-
cern of a few energy experts to a general
concern in both the industrialized and
developing countries. Although concern
has not yet catalyzed concerted action,
we can expect more such efforts in the
future. For example, emerging from Rio
was the U.S.-sponsored ADEPT program
{Assisting Deployment of Energy Prac-
tices and Technologies) whose mission is
specifically to promote the wise selection
of energy technologies in developing
countries. We are monitoring the -
progress of these new and ongoing pro-
grams, and will update this report with
information on their progress.
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Ilumex, Mexico’s Residential-Sector Lighting Efficiency Program:
’ A Feasibility Study

The Ilumex project aims to replace 1.5
to 2 million incandescent bulbs with
compact fluorescent lamps (CFLs) over
a two-year period in homes in
Guadalajara and Monterrey, Mexico.
llumex will be carried out by Comisién
Federal de Electricidad (CFE, the Mexi-
can electric utility). Program costs will
be shared by CFE and the Global Envi-
ronment Facility of the World Bank.
The funds will become a revolving fund
to expand the llumex program to the
rest of Mexico’s 15 million households.

The U.S. Agency for International De-
velopment sponsored LBL and the In-
ternational Institute for Energy
Conservation to prepare a feasibility
study of Ilumex for CFE to submit to
the World Bank. LBL was entrusted
with designing and managing a house-
hold survey and performing the eco-
nomic benefit-cost analysis. CFE
provided crucial infrastructural support
and input to the survey design and its
implementation.

The household survey, conducted by
the Centro de Estudios Energéticos un-
der LBL guidance, was used to deter-
mine the technical potential for
substitution of incandescent bulbs with
compact fluorescent lamps. The survey
also gathered data on household elec-
tric appliances from about 900 homes in
Guadalajara and Monterrey in July
1992. These data were analyzed to ob-
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tain daily lighting load curves for the
residential customers in each city and to
determine the technical potential of re-
placing incandescent lamps with CFLs.
The analysis was done for three cus-
tomer groups according to their
monthly electric consumption.

Survey results show a large evening
peak demand between 6 p.M. and 11
r.M., which is about six times larger
than the residential lighting demand
during the rest of the day. There also is
a small peak between 5 am. and 7 Am.
whose magnitude is just 10% that of the
evening peak. If Ilumex targets physi-
cally replaceable 40 to 100 W
incandescents that are used at least two
hours per day, the utility could defer
about 300 MW of capacity and save
about 170 GWh annually in
Guadalajara and Monterrey.

The economic and financial analysis
from national, utility, and customer
perspectives shows that CFLs are eco-
nomically feasible in Mexico for all ac-
tors involved as long as they last a
certain minimum number of hours.
Due to subsidized residential electric
tariffs (in particular to small users), it is
also necessary for the utility company
to share some of its benefits with the
smallest users. Net present value of
benefits to society were estimated at
about 430 to 570 million dollars over the
7.6 years the CFLs would last.

Extrapolating the results to a Mexico-
wide program implies a technical po-
tential of 50 million CFLs, equivalent to
4 GW of capacity, 2.2 TWh annual gen-
eration savings, and a net national ben-
efit of 1.1 billion dollars.

Future work will entail completing
the analysis of survey data. Of particu-
lar interest will be the analysis of house-
hold appliance data for saturation and
time-of-use. The appliance data will en-
able us to build daily time-of-use curves
for the different electricity end uses in
the homes of Guadalajara and
Monterrey. We want to dissaggregate
these results into three consumer
classes according to their electric con-
sumption levels, which will allow us to
differentiate between customer classes
and to propose electric efficiency pro-
grams that are particularly suited to
each class. The spreadsheets developed
will be used in the future to re-evaluate
the economics of the [lumex program,
as field results start coming in and any
assumptions that were imprecise are
corrected.
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¢ Oak Ridge National Laboratory
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- o Texas Governor's Energy Management Center through Texas A&M University
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