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Introduction 

F 
or most of the 1980s in the United States, energy and environmental issues were considered less 
important than a wide range of other public policy issues. This perception has changed as the nation 
enters the 1990s. Energy and the environment are at the forefront of many agendas: at the national 

level, Congress and the Department of Energy have discussed comprehensive energy legislation for the 
first time in more than ten years; at the state level, state government programs actively encourage energy 
efficiency, many more active public utility regulatory commissions have emerged; utilities are promoting 
demand-side programs to increase profits in several key states on both the East and West Coasts; and 
other local agencies have also become involved. For the first time, energy issues are an important element 
of the international agenda as well: a framework convention on greenhouse gas emissions is currently 
being negotiated. 

The Energy Analysis Program has played an active role in the analysis and discussion of energy and 
environmental issues at several levels: 
• at the international level, the Program has been serving as the key analytic team developing 
scenarios for long-term energy demand in developing countries (for the U.S. Environmental 
Protection Agency); 
• also at the international level, the Program organized and led an analytic effort, "Energy 
Efficiency, Developing Countries, and Eastern Europe," part of a major effort to increase support 
for energy efficiency programs worldwide; 
• at the national level, the Program has been responsible for assessing energy forecasts and policies 
affecting energy use (e.g., appliance standards, National Energy Strategy scenarios); 
• at the state and utility levels, the Program has been a leader in promoting integrated resource 
utility planning; the collaborative process has led to agreement on a new generation of utility 
demand-side programs in California, providing an opportunity to use knowledge and analytic 
techniques of the Program's researchers. 

The past year has seen a continuation of our research emphases as well as some important 
new initiatives. We continue to place highest emphasis on analyzing energy efficiency, with 
particular attention given to energy use in buildings. The Program continues its active 
analysis of international energy issues in Asia (including China), the Soviet Union, South 
America, and Western Europe. Analyzing the costs and benefits of different levels of 
standards for residential appliances continues to be the largest single area of research 
within the Program, although increases in federal support for integrated utility resource 
planning may in time cause the analysis of utility issues to become our largest analytic 
activity. 

One new initiative has come to fruition during the past year: the development and 
application of techniques for forecasting energy demand (or constructing scenarios) for 
the United States. We have built a new model of industrial energy demand, are in the 
process of making major changes in our tools for forecasting residential energy 
demand, have built an extensive and documented energy conservation supply curve 
of residential energy use, and are beginning an analysis of energy-demand forecast­
ing for commercial buildings. Two new initiatives are on the agenda for future years: 
energy assistance for-and collaboration with-developing countries and the estab­
lishment of a comprehensive research program on environmental aspects of energy 
development and use. 

Overall, 1990 has been a year of increasing Program activity and expansion. 
We anticipate continued expansion over the next several years. 

- 1-
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[ - Building Energy Analysis ] 
Causes and Effects of Heat Islands 

H. Taha, H. Akbari, D. Sailor, and R. Ritschard 

Cities are typically warmer than their suburban rural 
areas, a phenomenon known as the heat island. Mid- and 
low-latitude urban heat islands can significantly increase 
city-wide summer cooling loads. In most warm/hot U.S. 
cities, an increase of 1° C in urban temperature causes an 
increase of2-3% on electric utility system load. Our findings 
indicate that about 10% of the cooling load in these cities is 
caused solely by the heat island effect. 

We study the causal elements of heat islands, their 
interactions, and the sensitivity of urban temperatures to 
variations in each parameter. These elements include the 
effective values of urban albedo, vegetative cover, emissiv­
ity, anthropogenic (man-made) heat, roughness, mixing 
height, building density, soil moisture, and atmospheric 
humidity. Anthropogenic heat, an element often ignored in 
previous work, is investigated in terms of ground transpor­
tation, building operation, and power plant sources. 

We use boundary layer models to simulate'-the climate 
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modifications and to estimate the sensitivity of urban tem­
perature to variations in the physical characteristics of the 
urban surface and changes in the rate of anthropogenic heat 
rejection. We complement our climate predictions with DOE-
2.1D building energy simulations to analyze the associated 
changes in building energy use. 

Our simulations indicate that urban temperatures are 
strongly dependent on urban albedo, on evapotranspiration 
from vegetated surfaces, and on winds, but not on anthro­
pogenic heat and building density. We quantify the effects of 
each of these variables on microclimate and show that they 
have a significant impact on building energy use. Our 
preliminary results for Sacramento indicate that the effects of 
anthropogenic heat on heating and cooling energies are 
negligible in residential neighborhoods. In denser urban 
areas, however, the effects of anthropogenic heat on residen­
tial energy use amount to a 22% savings in heating gas and a 
36% increase in cooling electricity. In downtown areas, the 
savings in heating become 40% and the penalty in cooling 
amounts to 76%. 

We plan to integrate climate models of different do­
mains, i.e., canopy and urban boundary layers, to produce 
more comprehensive results. The models will also be modi­
fied to incorporate the processes we are interested in. 

References 

Taha H, Akbari H, Sailor D, Ritschard R. Causes and Effects of 
Heat Islands: The Sensitivity of Urban Microclimates to 
Surface Parameters and Anthropogenic Heat. Lawrence 
Berkeley Laboratory Report LBL-29864, 1990. 

Taha H. An Urban Microclimate Model for Site-Specific Building 
Energy Simulation: Boundary Layers, Urban Canyon, and 
Building Conditions. Lawrence Berkeley Laboratory Re­
port LBL-29630, 1990. 

Figure. Hypothetical rates of 
anthropogenic heat release and their 
corresponding simulated impacts on 
urban air temperature at 5 m above 
street level. Simulations are for 
Sacramento, California, on August 1. 



Energy Analysis Program 

Cooling Our Communities: 
A Guidebook on Tree Planting and 
Light-Colored Surfaces 

Y.f. Huang, S.E. Davis, H. Akbari, and H. Taha 

Most cities throughout the world reside in heat islands 
with noticeably higher temperatures than their surrounding 
countrysides (Figure). This phenomenon is a moderate asset 
during the winter but in the summer heat islands increase air­
conditioning usage, exacerbate pollution and smog, and add 
to human discomfort. 

The summer heat island is caused primarily by man­
made alterations to the urban landscape that have changed 
its thermal response to solar radiation. Urban landscapes 
have high thermal mass, increased surface roughness, re­
duced evapotranspiration from the replacement of vegeta­
tion by hard impermeable surfaces, and lowered albedo the 
ability to reflect incoming radiation through the use of dark­
colored building materials. These properties combine to 
make urban temperatures hotter by 2 and 9 op depending on 
the time of day. City planners and developers have not 

Suburban Commercial Downtown 
Residential 
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considered the negative effects of summer heat islands on a 
city's energy use and environment even though analysis 
shows that the added cooling demand in a city such as Los 
Angeles costs roughly $150,000 an hour on hot summer 
afternoons. 

LBL's Heat Island Project has written a guidebook for 
the control of summer heat islands which describes their 
causes and societal costs and explains how the use of trees 
and light-colored surfaces can mitigate their effects. The 
guidebook also describes the experiences of various existing 
city-wide tree-planting programs and gives tips on how to 
implement a successful program. 

The guidebook is written in non-technicallanguage and 
is targeted to government officials, utility planners, and 
others interested in addressing this community-wide energy 
and environmental issue. The book is scheduled for comple­
tion in mid-1991 and will be available from the U.S. Environ­
mental Protection Agency and the California Electric Power 
Research Institute. 

Reference 

Akbari H, Huang YJ, Davis SE, Eds. Cooling Our Communities: 
Tree Planting and Light-Colored Surfaces Guidebook. Office 
of Policy, Planning, and Evaluation, U.S. Environmental 
Protection Agency, 1991. 

Urban 
Residential 

Suburban 
Residential 

Rural 
Farmland 

Figure. The heat island: Graph shows temperature changes in op as the density of development and trees changes. 
(Source: Bruce Presentations, Washington, DC, 1990.) 

-2-



Applied Science Division 1990 Annual Report 

Analysis of Energy Use in Building Services in 
California's Industrial Sector 

H. Akbari and O.A. Sezgen 

Energy use patterns in many of California's fastest-growing industries 
are not typical of the existing mix of industries elsewhere in the United 
States. Many California firms operate small- and medium-sized facilities, 
often in buildings used simultaneously or interchangeably over time for 
commercial (office, retail, warehouse) and industrial activities. In these 
industrial subsectors, the energy required for "building services" to provide 
occupant necessities and comfort (lighting, HV AC, office equipment, com­
puters, etc.) may be at least as important as the more familiar process energy 
requirements especially for electricity and on-peak demand. 

Ina recent study, wecompiledandanalyzed published and unpublished 
information on energy use for the building services in the industry sector. 
Seven different sources of information and data relevant to California have 
been identified. Most of these are studies and/ or projects sponsored by the 
U.S. Department of Energy, the California Energy Commission (CEC), or 
local utilities. The objectives of these studies were diverse; most aimed at 
industrial energy use in general and in one case the objective was to analyze 
energy use in commercial buildings. Only one of these studies focused 
directly on non-process energy use in industrial buildings. 

Comparison of the findings of these studies was difficult because of the 
varying objectives of the studies; the reported data format; the way data 
were aggregated; the different time periods covered by the data; and the 
varying coverage of the industries. The most relevant information for 
California came from two studies, one using data from the U.S. Census 
Bureau's Census of Manufacturers and the other using on-site survey 
information collected by the Pacific Gas and Electric Company (PG&E) in 
Northern and Central California during 1981-1984. Despite the variety of 
objectives, all of the studies pointed to the importance of non-process 
energy use in industry as an area of potential conservation. The situation 
is even more promising for California where there is a concentration of 
industries such as instrument and computer manufacturing where most of 
the energy consumed is for air-conditioning and lighting. 

One study approximated the building non-process energy use to be 
15% of total industrial energy use for the United States, of which 84% was 
used for space heating, 8% for air-conditioning, and 8% for lighting. 
Another study estimated similar overall percentage (15.3%) for industrial 
non-process energy use, but 17% of that went for lighting, 31% for air­
conditioning, and 52% for space heating. Also, a national study for the 
manufacturing sector estimated that 17% (in 1972) of purchased energy 
used in that sector went for space conditioning and lighting. 

We further investigated these databases for California-specific data. 
Based on our analysis of the Northern California data for five selected 
industries, the contribution of total electricity consumption for lighting 
ranged from 9.5% in the frozen fruit industry to 29.1% in instruments. Air­
conditioning ranged from nonexistent in frozen fruits to 35% in instrument 
manufacturing. None of the five industries selected had significant electri­
cal space heating. Gas space heating ranged from 5% in the motor vehicles 
facilities to more than 58% in the instrument manufacturing industry. 

(continued on next page) 

-3-

Energy Analysis Program 



Energy Analysis Program Applied Science Division 1990 Annual Report 

Reference We compared the data available from three California 
sources (Figure). Two of these sources provide end-use data 
only as percentages of total energy use, without specifying 
the total energy use. We therefore estimated the end-use 
energy intensities by proportionating the total consumption 
intensities obtained from the analysis of the PG&E on-site 
survey by the percentage end-use figures provided by the 
other two studies. 

Akbari H, Borgers T, Gad gil A, Sezgen OA. Analysis of Energy 
Use in Building Services of the Industrial Sector in California: 

. !he findings of this research on the potential for energy 
efficiency, conservation, and load-shaping opportunities in 
industry justifies a collaborative research program between 
the California utilities, CEC, the California Institute for En­
ergy Efficiency, and DOE. 
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Commercial Load Shape and 
End-Use Intensities for College 
Campuses, Health Facilities, Schools, 
and Lodging 

H. Akbari, J. Eta, and L. Rainer 

This study, sponsored by the California Energy Com­
mission (CEC), focused on the application of a new end-use 
load shape estimation 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 CEC's 
commercial energy and peak load forecasting models. The 
technique relied on a unique reconciliation of whole-build­
ing hourly electricity load data to energy simulations, which 
were developed from detailed survey data. The outcome of 
the project was a set of reconciled load shapes for eight end 
uses in four building types that were then indexed for three 
building vintage and technology combinations. The build­
ing types studied were schools, college campuses, health 
facilities, and lodging. We focused primarily on electrical 
end uses including cooling, ventilation, lighting, cooking, 

Energy Analysis Program 

refrigeration, water heating, hospital equipment, and miscel­
laneous equipment. The hourly load shapes were aggre­
gated to produce twelve monthly load shapes for three day 
types (peak, standard, and non-standard) and integrated to 
produce annual EUis. 

The Table summarizes the initial and reconciled EUis for 
the four building types. The cooling and ventilation EUis are 
averages for four Southern California climate zones; the 
study generated individual EUis for each of four climate 
zones-coastal, inland, desert, and valley. 

References 

Akbari H, Eto J, Turiel I, Heinemeier K, Lebot B, Nordman 
B, Rainer L. Integrated Estimation of Commercial Sector 
End-Use Load Shapes and Energy Use Intensities. 
Lawrence Berkeley Laboratory Report LBL-27512 
Rev., 1989. 

Akbari H, Rainer L, Eto J. Integrated Estimation of Commer­
cial Sector End-Use Load Shapes and Energy Use Intensi­
ties, Phase II. Lawrence Berkeley Laboratory Report 

LBL-30401, 1991. 

Table. Initial and Reconciled EUis (kWh/ft2·yr) 

Health College 
EUI Schools Facilities Lodgings Campuses 

Cooling 
Initial 1.5 5.5 3.7 2.0 
Reconciled 0.8 5.2 3.0 1.5 

Ventilation 
Initial 1.8 2.9 1.1 3.7 
Reconciled 0.9 2.2 0.8 2.4 

Indoor Lighting 
Initial 4.7 9.3 4.2 5.3 
Reconciled 3.3 10.7 4.0 3.8 

Outdoor Lighting 
Initial 0.5 0.4 0.6 0.4 
Reconciled 1.2 0.4 0.6 0.3 

Misc. Equipment 
Initial 0.5 4.3 1.6 2.2 
Reconciled 0.4 4.9 1.5 1.6 

Hospital Equipment 
Initial 0.9 
Reconciled 1.1 

Cooking 
Initial 0.1 0.1 0.1 0.1 
Reconciled 0.1 0.1 0.1 0.1 

Refrigeration 
Initial 0.2 0.6 1.3 0.9 
Reconciled 0.2 0.6 1.3 0.9 

Total 
Initial 9.3 24.0 12.6 14.6 
Reconciled 6.9 25.2 11.3 10.6 

-5-
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481 Prototypical Commercial Buildings 
for 20 Urban Market Areas 

Y.J. Huang, H. Akbari, L. Rainer, and R.L. Ritschard 

LBL has developed building load shapes and energy use 
intensities of commercial and multifamily buildings as part 
of a Gas Research Institute (GRI) project to assess the cogen­
eration potential for these types of buildings in 20 city mar­
kets. LBL' s role in the project was to characterize the building 
stock in the cities by 1) estimating the number and sizes of 
buildings by class type, location, vintage, and equipment, 2) 
developing prototypical buildings for each category, and 3) 
performing DOE-2 computer simulations for these build­
ings. 

The first task required extensive analysis of building 
stock data such as those from F.W. Dodge, DOE's Energy 
Information Administration Agency, as well as sector-

specific data for hospitals and 
schools. The second task re­
quired further analysis of the 
same data sources to determine 
average building and energy 
use characteristics and was 
combined with a review of 20 
engineering studies from 
across the nation. The final 
building descriptions included 
physical dimensions, shell 
construction, zoning, equip­
ment configuration, and hourly 
energy use profiles disaggre­
gated by major end-uses, e.g., 
lighting, hot water. An itera­
tive procedure was used to 
calibrate the energy uses of 
these prototypes against the 
measured energy use data for 
each of the building sectors. 

The total number of pro­
totypical buildings simulated 
was 481 and included hospi­
tals, schools, prisons, hotels, 
restaurants, offices, supermar­
kets, apartments, and retail 
stores. The completed database 
is available from GRI in elec­
tronic format and consists of: 
1) DOE-2 input files, 2) output 
files with the hourly building 

Figure. Thermal/ electric 
ratios binned against 

thermal loads for a 
prototypical existing 
hospital in Chicago. 

1500 

1000 

500 
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loads (heating, total and latent cooling), electricity use (air­
conditioning and non-air-conditioning), outdoor tempera­
tures and humidities, and 3) a Fortran computer program 
that permits users to extract monthly totals, peak loads, and 
loads binned by hour-of-day or outdoor conditions. The 
Figure shows the hourly data for a prototypical old hospital 
in Chicago separated into two-dimensional bins. The bar 
heights indicate the number of hours within each bin. 

Reference 

Huang YJ, Akbari H, Rainer L, Ritschard RL. 481 Prototypical 
Commercial Buildings for 20 Urban Market Areas (Techni­
cal documentation of building loads database devel­
oped for the GRI Cogeneration Market Assessment 
Model). Lawrence Berkeley Laboratory Report LBL-
29798, 1990. 

42 
39~ 

I 
36 ~ 

33 s 
30~ 

27 "/; 
24 .!J 

21 ii7 
18 € Qj 

15 ~ 



Applied Science Division 1990 Annual Report 

The Energy and Comfort Performance 
of Evaporative Coolers for Buildings in 
California Climates 

Y.J. Huang, H.F. Wu, P.L. Chen, H.M. Qin, and 

J. W. Hanford 

The use of evaporative coolers is an energy-conserving 
alternative to air-conditioning that is particularly suited to 
the semi-arid climates of California. Because evaporative 
coolers require power only to drive fans and pumps, they 
consume far less electricity than do air conditioners, but 
water consumption could be a concern in arid locations. 
Evaporative coolers also reduce indoor air quality problems 
since they use 100% outside air at high ventilation rates. In 
addition, evaporative coolers are environmentally benign 
since they do not use chlorofluorocarbons known to damage 
the ozone layer. 

This project has been investigating the applicability of 
evaporative coolers in residences and small commercial 
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buildings in California. The engineering analysis was done 
by linking detailed numerical models for different evapora­
tive cooler designs to the DOE-2 building energy simulation 
program, which was then used to calculate the energy and 
water consumption ot and the indoor conditions produced 
by, evaporative coolers in typical houses in various Califor­
nia climates. The analysis shows that direct evaporative 
coolers use less than 20% of the electricity of a standard air 
conditioner, but cannot provide adequate comfort during the 
hottest months in Sacramento or Fresno. More advanced 
two-stage indirect/ direct coolers, however, are capable of 
maintaining indoor comfort while still consuming only 25% 
of the electricity of an air conditioner (Figure). The analysis 
also quantifies the amount of water needed for evaporative 
coolers, an issue which may be of concern in drought-plagued 
locations. Another objective of the engineering effort is to 
evaluate innovative configurations and control strategies 
that would either improve the effectiveness of evaporative 
coolers or extend their use to other climates, buildings, or 
HV AC systems. 

In parallel with the engineering effort, the project 
is also conducting a survey of engineers, contractors, 
and manufacturers to determine the institutional and 
non-energy related engineering barriers that impede 
the proliferation of this old and yet newly revived 
cooling technology. 

References 

Chen PL, Qin HM, Huang YL Wu HF. A Heat and Mass 
Transfer Model for Thermal and Hydraulic Calcula­
tions of Indirect Evaporative Cooler Performance. 
Lawrence Berkeley Laboratory Report LBL-28201, 
1991. 

Huang YL Wu HF, Hanford JW, Chen PL, Qin HM. The 
Energy and Comfort Performance of Evaporative Cool­
ers for Residential Buildings in California Climates. 
Lawrence Berkeley Laboratory Report LBL-29799, 
1991. 

Chen PL, Qin HM, Huang YL Wu HF, Blumstein C. 
Improving the Performance of Indirect Evaporative 
Coolers. Lawrence Berkeley Laboratory Report LBL-
29796, 1991. 

Chen PL, Qin HM, Huang YJ, Wu HF, Blumstein C. The 
Energy Savings of Pre-Cooling Incoming Outdoor Air 
by Indirect Evaporative Cooling. Lawrence Berkeley 
Laboratory Report LBL-29797, 1991. 

Figure. Comparison of evaporative cooler to 
air conditioner performance in several California 

climates. 
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Analysis of Energy Conservation Codes 
in Single-Family Buildings 

R.L. Ritschard, f. W. Hanford, and O.A. Sezgen 

Within all 50 states, some form of code or standard for 
energy conservation in new building construction has been 
implemented. As part of a study for the Gas Research 
Institute, the impacts of two building codes, the Model En­
ergy Code (MEC) of 1990 and the proposed ASHRAE 90.2 
Standard were evaluated using DOE-2.1D model simula­
tions of the 1990 single-family construction. In addition, 
appliance and equipment energy-related improvements 
mandated by the National Appliance Energy Conservation 
Act (NAECA) were also modeled and analyzed. 

The study approach consisted of modeling 1990s proto­
typical houses in 16 U.S. locations without the code or stan­
dard requirements and then comparing these "base case" 
conditions to simulation results with improved insulation 
levels (thermal codes) under MEC or ASHRAE 90.2 and 
appliance or equipment efficiency changes as required by the 
NAECA. Comparisons to the MEC were made at seven 
locations. The simulations considered both heating and 
cooling energy consumption, including the effects of gas 
furnaces and electric air-conditioners with and without the 
code requirements. 
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The major conclusions for gas usage are that the ASHRAE 
90.2 Standard is more effective in reducing space- and water­
heating energy demand than the MEC in all but one location 
(Figure). In cold climates such as Minneapolis, Boston, New 
York, and Chicago, the ASHRAE Standard will reduce an­
nualnaturalgasusagebyabout25%. Theeffectsofappliance 
and equipment improvements, as designated in the NAECA, 
on gas heating are less than those of the thermal codes. The 
combination of the ASHRAE Standard and NAECA require­
ments provide the greatest annual heating savings (up to 
36%). 

The impacts of these codes on electricity usage are differ­
ent from the gas results. The appliance and equipment 
improvements causes greater savings in cooling energy use 
(11-18%) than those of the thermal codes (1-10%). The 
ASHRAE Standard and MEC alone may increase electricity 
usage for cooling (by 5-11%) in climates with little cooling 
demand (e.g., Minneapolis, Chicago, Boston). As with the 
heating energy use, the ASHRAE Standard plus require­
ments of the NAECA show the greatest savings (4-22%) in 
cooling energy consumption. Similar savings (but lower, on 
average) are also found in three colder climates Minneapolis, 
Chicago, Boston. 

Reference 

Ritschard RL, Hanford JW, Sezgen OA. Analysis of Energy 
Conservation Codes in Single-Family Buildings. 
Lawrence Berkeley Laboratory Report LBL-30376, 1991. 
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Opportunities for Energy Efficiency 
Improvements in HUD-Assisted 
Housing 

R.L. Ritschard, R. Diamond, and f.A. McAllister 

One of the primary goals of the U.S. Department of 
Housing and Urban Development (HUD) is the expansion of 
home ownership and affordable housing opportunities. Re~­
ognizing that energy efficiency can play a significant role m 
an affordable housing strategy, HUD and DOE have recently 
established a DOE-HUD Initiative on Energy Efficiency. The 
goals of this multiyear program are to improve the energy 
efficiency of HUD-assisted housing in order to make it more 
affordable by applying existing technical information on 
energy efficiency, developed at DOE and other federal, ~tate, 
and local public and private organizations, to HUD-assisted 
housing construction and retrofit activities. It is expected 
that the DOE-HUD initiative will lead to annual savmgs of 
0.75 to 1.0 quad (quadrillion Btus) within the buildings sector 
after a 10-year implementation period. 
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The DOE-HUD initiative follows four strategic steps: 
• prioritization of targeted HUD programs; 
• development of technical linkages between DOE,HUD, 

and other private and public sector organizations; : 
• dissemination of information to personnel responsible 

for implementing HUD-funded programs; and . 
• revision of energy-related guidelines for certam HUD 

programs. . 
LBL has been involved in studies of HUD' s pubhc hous­

ing since 19S4 and has published 12 technical papers.on this 
subject. A key research area identified in those studies was 
the effectiveness and persistence of energy savings from 
conservation measures installed in public housing. For ex­
ample, in some cases energy savings decreased after th.e ~i~st 
post-retrofit year (Figure). As part of the DOE-H~D miha­
tive, an extensive literature search on the persistence of 
energy savings was completed and a long-term research plan 
was prepared for implementation during the next few years. 
Other HUD programs that provide federal assistance to 
private investors, property owners, nonprofit corporations, 
and other organizations for low-income multifamily 
housingare also being studied. The multifamily w~rk ~on­
ducted during FY90 include the development of gmdelmes 
and handbooks on energy-related audits and retrofits of 

HUD-owned and HUD-insured multifamily 
buildings, provision of technical assistance on 
utility-sponsored retrofits to owners of Section 
202 housing for elderly and handicapped tenants 
in the Northeastern United States, and prepara­
tion of an action plan that describes how the BUD­
assisted housing programs can be linked to state 
and local public and private sector energy conser­
vation activities. 
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with multiple years of post-retrofit data. 
Energy use increases after the first post­
retrofit year at the Trenton projects; energy 
savings are sustained through both post­
retrofit years at two of the three San 
Francisco projects. Other low-cost 
measures, including caulking and weather 
stripping, low-flow shower heads, and 
domestic hot water blankets, were also 
installed at the San Francisco projects. 
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Building Energy Data J 
Monitored Energy Savings from 
Residential Retrofits 

S. Cohen, C. Goldman, and J. Harris 

The Building Energy Use Compilation and Analysis 
(BECA) project compares measured data on the energy 
savings and economics of retrofitting existing single-family 
homes. The compilation now includes 275 data points and 
represents more than 75,000 retrofitted houses. The first 
phase focused on individual retrofit measures. The follow­
ing measures were found to be cost-effective: attic insulation, 
high-density cellulose wall insulation, flame retention burn­
ers, condensing furnaces, infiltration reduction guided by 
blower-doors, and low-cost water-heating conservation de­
vices. 

The second phase of the analysis focused on the effec­
tiveness of energy conservation programs. The state-of-the­
art in weatherizing homes has improved dramatically in the 

last 15 years, in large part due to continued monitoring and 
program evaluation in a few cold-climate states. A national 
evaluation of the 1981 DOE Weatherization Assistance Pro­
gram showed average savings of 14 MBtu/ year or 10% of the 
normalized annual consumption (NAC) (Table). The invest­
ments were not cost-effective because they had a cost of 
conserved energy (CCE) of $11 /MBtu (compared to the 
average residential price of gas, $6/MBtu). 

More recent programs have been more successful. Twelve 
post-1980, state low-income weatherization programs showed 
median NAC savings of 12% and a median CCE of $6.80/ 
MBtu. Moreover, these programs offer well-documented 
approaches for significant improvements in energy savings 
and cost-effectiveness of low-income weatherization. Recent 
demonstration programs in Michigan and Minnesota 
achieved 18% NAC savings with CCEs of $3.60/MBtu and 
$5.90/MBtu, respectively, despite low levels of pre-retrofit 
consumption. 

A Virginia pilot program demonstrated that mild-cli­
mate weatherization can also be cost-effective; it cut energy 

Table. Savings and economics of low-income and utility weatherization programs. 

Low Income Weatherizati~m 

1981 National 
Post-1980 State Evaluations 

Median Value 
Range 

Optimal Weatherization Demo's 
Targeted High Users 

Utility Weatherization 

Gas Utilities 
Pre-1980 Programs 
Post-1980 Programs 

Electric (Pacific NW)a 
Median Value 
Range 

No. of Retrofit 
Programs 

(No. of Homes) 

1 (965) 
12 (3,800) 

4 (490) 
4 (240) 

5 (33,200) 
5 (16,800) 

21 (12,700) 
20 (12,400) 

Average 
Energy Savings 

of Space-Heat Fuel 
(MBtu/yr) 

MBtu/yr % 

14 10 

19 12 
7-23 7-14 

24-45 
21-95 9-25 

12-33 6-21 
5-33 8-19 

4020 kWh 16 
2000-8600 kWh 8-26 

aRange values exclude 1986 Seattle City Light HELP program. 
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Average 
Cost 

(1989 $) 

1380 

1080 
810-2220 
980-2560 
670-4040 

500-700 
570-3800 

2150 
640-2800 

Average 
CCE 

(1989 $/MBtu) 

11.00 

6.80 
5.30-16.00 
3.60-6.30 
4.00-5.70 

1.80-4.40 
5.00-11.00 

5.4¢/kWh 
1-15¢/kWh 
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use24MBtu/year (16% ofNAC)witha CCE of$4.50/MBtu. 
This program emphasized wall and ceiling insulation and 
blower-door guided sealing of the foundation area and attic 
bypasses. Most programs that weatherize manufactured 
homes typically attempt to use the same retrofits as for site­
built homes in spite of different construction materials and 
designs. Consequently, average savings are much lower 
than for site-built homes, while retrofit costs are comparable. 

Over the last decade, an increasing number of electric 
and gas utilities have provided financial incentives and other 
services to their single-family residential customers. The first 
generation of gas conservation programs promoted attic 
insulation retrofits. More recent gas utility programs with 
measured data focused on low-income households. Retrofit 
costs are higher in these low-income programs because of an 
expansion in the list of measures, which include major equip­
ment retrofits or replacements in cold-climate areas. For 
these programs, CCEs are typically $9-12/MBtu. For 21 
electric utility conservation programs in the Pacific North­
west which installed shell measures, median NAC savings 
were 16%. 

About 20% of the single-family data points in the BECA 
compilation include data on predicted as well as actual 
energy savings. The actual reductions in the electricity 
consumption of groups of participating homes were typi­
cally 63% of predicted estimates in eight weatherization 
programs sponsored by electric utilities, although the vari­
ance between predicted and actual savings was quite large 
among individual homes as well as for various weatheriza­
tion programs. 

Reference 

Cohen S, Goldman C, Harris J. Measured Energy Savings and 
Economics of Retrofitting Existing Single-Family Homes: An 
Update of the BECA-B Database. Lawrence Berkeley Labo­
ratory Report No. LBL-28147 (1-2), February 1991. 

Evaluating the Energy Edge Buildings: 
Tuning the Methodology 

0. de Buen, R. Diamond, J. Harris, A. Meier, B. Nordman, and 
M.A. Piette 

LBL is currently evaluating the performance of 28 new, energy­
efficient commercial buildings in the Pacific Northwest. These buildings, 
as part of the Bonneville Power Administration's Energy Edge Program, 
were built to reduce energy use by 30% beyond the proposed building 
standards. Our work focuses on evaluating the energy performance of the 
buildings and the cost and savings of individual measures. 

Monitored performance data are being compared to the design-stage 
predictions and revised simulations calibrated to the recent energy use 
data. A pilot study was conducted to evaluate the process of calibrating 
(tuning) DOE-2 computer simulated end-use profiles with the monitored 
hourly data. This fine-tuning was found to be extremely time-consuming, 
so an alternative "quick-tune" strategy was developed to calibrate the 
simulation to the monitored monthly end-use totals (e.g., interior lighting, 
heating, ventilation). The difference in the energy savings from the 
conservation measures predicted by the two tuning methodologies was 
only 2% of the total energy consumption of the building. Six of the 
buildings have been quick-tuned, including the original pilot-study build­
ing (Figure) and the results look promising given the uncertainty in the 
assumptions in any modeling approach. 

The Energy Edge Project has provided us with new insights into 
several aspects of commercial building performance, including construc­
tion, operation, and evaluation methods. Consistent commissioning pro­
cedures are needed during building start-up, and long-term tracking of 
efficiency measures are needed to ensure persistent savings. To improve 
the evaluation of conservation strategies there is a need for "standard 
costs" for individual measures, and alternatives to expensive end-use 
metering, such as short-term monitoring and diagnostic tests. Results from 
this work will be used in revising building codes and utility programs for 
the Pacific Northwest region. 
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References 

Diamond RC, Harris JP, de Buen 0, Nordman B, Cody B. 
Evaluating Actual Performance of New Commercial 
Buildings: The Energy Edge Demonstration Program. 
In: Proceedings of the ACEEE 1990 Summer Study on 
Energy Efficiency in Buildings, August 26-Sept. 1, 1990. 
Washington, DC: American Council for an Energy 
Efficient Economy, 1990, pp. 3.77-3.89. 
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Harris JP, Diamond RC, de Buen 0, Hatcher A, Nordman B, 
Piette MA. Energy Edge Impact Evaluation: Findings and 
Recommendations from the Phase One Evaluation. Lawrence 
Berkeley Laboratory Report No. LBL-30358, 1990. 

Design Prediction Fine-Tuned Model Fine-Tuned Model Quick-Tuned Model 
(with vestibule) (with vestibule) (without vestibule) (without vestibule) 

rzzJ Non-Funded Measures 
~Vestibule 
~ Wall Insulation 
~ Ughting 
lS.SJ - Occ. Sensor Actual Op 
~ - Improved Lamps 
~ Roof Insulation 
~ Low-E Glass 

Figure. Savings from individual measures: Comparison between design-predicted model, 
fine-tuned, and quick-tuned model for the pilot building. The "with" and "without" 

vestibule cases are shown because of uncertainty in the infiltration assumptions. The 
"Design Prediction" combines savings from using occupancy sensors and improved lamps. 
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Measured Air-Conditioning Savings 
from Vegetative Landscaping 

A. Meier 

The placing of trees and shrubs around buildings has 
long been recognized as an important technique for reducing 
heat gain into a building and, thereby, use of air-condition­
ing. The value of plantings as a technique to reduce air­
conditioning loads has not been well documented nor incor­
porated into analytical procedures. Architects and engineers 
thus favor technologically complex measures to reduce cool­
ing loads over simpler, cheaper, designs based on the use of 
trees and other plants. In this project, measurements of air­
conditioning savings from vegetative landscaping were com­
piled and evaluated. 

Trees, shrubs, and vines affect air-conditioning electric-
ity use in four physically different paths: 

• direct gain through windows 

• conduction gain through opaque surfaces 
• latent heat from infiltrating air 

• sensible heat from infiltrating air. 
The relative importance of these paths depends on type and 
amount of vegetation used, climate, building structure, ori­
entation, and type of air-conditioning system installed. 

Seven projects with energy data were identified in the 

Energy Analysis Program 

United States and Japan. The experiments took place in 
humid, dry, and temperate climates. The landscape treatments 
varied: some buildings were surrounded by grass, whereas 
others were surrounded by complex combinations of trees 
and shrubs. · 

The compilation demonstrates that the careful applica­
tion of shrubs, trees, and vines could reduce cooling electric­
ity use by 25 to 50% (Figure). These savings were achieved in 
a variety of climates and using greatly different landscape 
treatments. Reductions in air-conditioning energy were 
obtained even in humid climates. Large savings were also 
obtained in a dry climate simply by planting grass around the 
building. These results suggest that vegetation interacts with 
heat gain through many physically different processes, and 
that several combinations of vegetation and siting may yield 
similar savings. 

Reference 

Meier A. Measured Cooling Savings from Vegetative Land­
scaping. In: Proceedings of the ACEEE 1990 Summer Study 
on Energy Efficiency in Buildings,Pacific Grove, CA, August 
26-September 1, 1990. Washington, DC: American 
Council for an Energy Efficient Economy, 1990, pp. 
4.133-4.143. 
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Figure. Reductions in heat gain 
and air-conditioning electricity use 
due to vegetative landscaping at 
various locations. 
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Miscellaneous Electrical Energy Use 
in Homes 

A. Meier, L. Rainer, and 5. Greenberg 

The "miscellaneous" use of electricity in homes has not 
been well measured or even defined. The saturations and 
unit electricity consumptions (UECs) were estimated for 35 
appliances within the miscellaneous category of residential 
electricity use in the United States. Based on these estimates, 
the total national electricity consumption of these same ap­
pliances was calculated (Table). 

On a nationwide basis, no single appliance within the 
miscellaneous end use category consumes as much electric­
ity as a "standard" end use. In specific homes, 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. Energy 
audits of homes must become increasingly sophisticated 
because failure to identify the miscellaneous uses will cause 
unrealistically high estimates of energy use for the standard 
end uses, leading to overestimates of savings from standard 

Applied Science Division 1990 Annual Report 

conservation measures. 
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 exclusively performed with 
the stove but is now shared among the stove, microwave, 
toaster oven, coffee maker, and a host of other specialized 
appliances. The cooling end use is undergoing a similar de­
coupling as the de-humidifier and ventilation equipment 
(particularly ceiling fans) are providing an increasing share 
of the service. The decoupling trend has important implica­
tions for energy efficiency investments and programs. Effi­
ciency investments in a specific appliance will be harder to 
justify when the savings accrue to an appliance that is only 
providing,about 40% of the service. 

Reference 

Rainer L, Greenberg S, Meier A. The Miscellaneous Electri­
cal Use in Homes. In: Proceedings of the ACEEE 1990 
Summer Study on Energy Efficiency in Buildings, Pacific 
Grove, CA,August 26-September 1,1990. Washington, DC: 
American Council for an Energy Efficient Economy, 
1990, pp. 9.263-9.271. 

Table. Estimated stocks and unit electricity consumptions (UECs) of miscellaneous appliances. 

National Consumption 
Stock UEC 

End Use (millions)' (kWh/year) (TWh/year) (%of Total) 

Furnace Fan 45 500 22.5 2.78 
Color TV 87 250 21.8 2.69 
Waterbed Heater 14 900 12.6 1.56 
Microwave Oven 72 120 8.6 1.07 
Dishwasher 36 200 7.2 0.89 

Pool Pump 4 1500 6.0 0.74 
Aquarium/Terrarium 10 548 5.5 0.68 
Crankcase Heater 27 200 5.4 0.67 
Spa/Hot Tub 2 2300 4.6 0.57 
Clock 180 25 4.5 0.56 
Well Pump 11 400 4.4 0.54 

Dehumidifier 11 400 4.4 0.54 
Toaster /Toaster Oven 86 50 4.3 0.53 
Audio System 81 50 4.1 0.50 
Hair Dryer 85 40 3.4 0.42 
Electric Blanket 27 120 3.2 0.40 
Vacuum Cleaner 90 30 2.7 0.33 

Ceiling Fan 54 50 2.7 0.33 
Grow-Lights & Accessories 3 800 2.4 0.30 
VCR 59 40 2.4 0.29 
Coffee Maker 36 50 1.8 0.22 
Black & White TV 45 40 1.8 0.22 
Computer 13 130 1.7 0.21 
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Table (cont'd) 

Iron 32 
Humidifier 11 
Engine Heater 4 
Exhaust Fan 54 
Whole House Fan 8 
Sump/Sewage Pump 13 

Garbage Disposer 40 
Heat Tape 3 
Bottled Water Dispensor 1 
Window Fan 9 
Electric Mower 5 
Instant Hot Water 0.5 

Total Miscellaneous Use -
Total Household Use -

'Total household stock in 1990 was 90 million homes. 
"per household 

Building Code Compliance and 
Enforcement: San Francisco's 
Residential Energy Conservation 
Ordinance and California's Building 
Standards 

E. Vine 

As part of LBL's technical assistance to the Sustainable 
City Project (a collaborative effort by the cities of Portland, 
San Francisco, and San Jose), compliance and enforcement 
activities related to local and state building codes for existing 
and new construction were evaluated in two case studies. In 
the first year of the project, each city worked with key 
individuals in local government and the community to 
identify policy options that would contribute to solving local 
problems in selected priority areas (e.g., economic develop­
ment and transportation) while also improving overall en­
ergy efficiency. As part of its planning process, the City of 
San Francisco asked LBL to examine how well the city's 
Residential Energy Conservation Ordinance (RECO) is be­
ing complied with and enforced and to examine similar 
issues related to California's building standards for new 
construction. 

The analysis of RECO showed that a limited, prescrip­
tive energy conservation ordinance for retrofit of existing 
residential buildings can be enforced relatively easily with 
little administrative costs, and that compliance with such 
ordinances can be quite high. Compliance with the code was 
facilitated by extensive publicity, an informed public con­
cerned with the cost of energy and knowledgeable about 
energy efficiency, the threat of punishment (Order of Abate-
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50 1.6 0.20 
100 1.1 0.14 
250 1.0 0.12 

15 0.8 0.10 
80 0.6 0.08 
40 0.5 0.06 

10 0.4 0.05 
100 0.3 0.04 
300 0.3 0.04 

20 0.2 0.02 
10 0.1 0.01 

160 0.1 0.01 

1610*" 145 18 
8978*" 808 100 

ment), the use of private inspectors, and training workshops 
for city and private inspectors. 

The analysis of California's Title 24 Standards for new 
residential and commercial construction showed that en­
forcement of this type of code for many climate zones is more 
complex and requires extensive administrative support for 
education and training of inspectors, architects, engineers, 
and builders. Under this code, prescriptive and performance 
approaches for compliance are permitted, resulting in the 
demand for a variety of methods of enforcement: technical 
assistance, plan review, field inspection, and computer analy­
sis. In contrast to retrofit of existing stock, building design, 
new materials, and construction practices are of critical im­
portance in new construction, creating a need for expanded 
technical assistance and extensive interaction between en­
forcement personnel and the building community. 

Compliance problems associated with building design 
and installation did occur in both residential and nonresiden­
tial buildings. Because statewide codes are enforced by local 
officials, these problems may increase over time as energy 
standards change and become more complex and as other 
standards (e.g., health and safety codes) remain a higher 
priority. The California Energy Commission realizes that 
code enforcement by itself is insufficient and expects that 
additional educational and technical assistance efforts (e.g., 
manuals, training programs, and toll-free telephone lines) 
will ameliorate these problems. 

Reference 

Vine E. Building Code Compliance and Enforcement: The Experi­
ences of San Francisco's Residential Energy Conservation 
Ordinance and California's Building Standards for New Con­
struction. Lawrence Berkeley Laboratory Report LBL-

29748, 1990. 



Energy Analysis Program Applied Science Division 1990 Annual Report 

[ - Energy Conservation Policy- ] 
Analysis of Federal Appliance 
Efficiency Standards 

J.E. McMahon, B. Atkinson, D.B. Berman, 
S. Boghosian, P. Chan, T. Chan, J. Koomey, 
B. Lebot, M.D. Levine, J. Lutz, G. Rosenquist, 
S. Stoft, I. Turiel, and C. Wadley 

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 Conser­
vation Act of 1987 (P.L. 100-12) and by the National Appli­
ance Energy Conservation Amendments of 1988 (P.L. 100-
357), provides energy conservation standards for 12 of 13 
types of consumer products* and authorizes the Secretary of 
Energy to prescribe amended or new energy standards. 

*Products covered: 1) refrigerators, refrigerator-freezers, and freez­
ers; 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. 

Note C!Jiefers to legislative requirement 
summarized in chapter 2 

Initiated in 1979, LBL's assessment of the standards is 
designed to evaluate their economic impacts according to the 
legislated criteria (Figure). 

The economic impact analysis is performed in five major 
areas: 

• Engineering Analysis, which establishes the technical 
feasibility and product attributes including costs of design 
options to improve appliance efficiency. 

• Consumer Analysis at two levels: national aggregate 
impacts and impacts on individuals. The national aggregate 
impacts include LBL-REM forecasts of appliance sales, effi­
ciencies, energy use, and consumer expenditures. The indi­
vidual impacts are analyzed by life-cycle cost, payback pe­
riods, and cost of conserved energy, which evaluate the 
savings in operating expenses relative to increases in pur­
chase price. 

• Manufacturer Analysis, which provides an estimate of 
manufacturers' response to the proposed standards. Their 
response is quantified by changes in several measures of 
financial performance. 

• Utility Analysis that measures the impacts of the altered 
energy-consumption patterns on electric utilities. 

• Environmental Effects Analysis that estimates changes 
in emissions of carbon dioxide, sulfur oxides, and nitrogen 
oxides, due to reduced energy consumption in the home and 
at the power plant. 

CD Economic Impact 
on Manufacturers 

® Energy Savings 

® Savings in 
Operating Costs 
(Life-Cycle-Costs) 

® Impact on Lessening 
of Competition 

® National Welfare 
(Need to Conserve Energy) 

0 Other Factors 

Figure. Analytic framework for the appliance standards analysis. (XBL 856-8918) 
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• Regulatory Impact Analysis collects the results of all the 
above analyses into the net benefits and costs from a national 
perspective. 

This year we analyzed the impacts of proposed updates 
to standards for dishwashers, clothes washers, and clothes 
dryers. Potential energy savings were demonstrated for 
these products, and standard levels were identified which 
are projected to save energy, and to save money for consum­
ers, without undermining the financial health of the appli­
ance industry. Data collection began for analysis of nine 
products (room air conditioners, water heaters, furnaces, 
clothes washers, direct heating equipment, kitchen ranges 
and ovens, pool heaters, televisions, and fluorescent light 
ballasts). 

We also began data collection and modelling to study 
alternative policies for improving energy efficiency of light­
ing equipment in buildings, including residential and com-
mercial applications. · 

In the next year, we will analyze proposed energy effi­
ciency standards for the nine products listed above. We will 
also complete the engineering analysis and projections of 
potential energy savings from more efficient lighting equip­
ment in buildings. 

References 

U.S. Department of Energy, Assistant Secretary, Conserva­
tion and Renewable Energy, Building Equipment Divi­
sion. Energy Conservation Standards for Consumer Prod­
ucts: Refrigerators and Furnaces. U.S. Department of En-

Engineering Analyses of Appliance 
Efficiency Improvements 

I. Turiel, B. Atkinson, S. Boghosian, 
J. Lutz, and G. Rosenquist 

The economic impacts of appliance efficiency standards 
depend largely on the relation between cost and energy 
consumption of a consumer product. Our engineering analy­
sis seeks primarily to identify this cost-consumption relation­
ship for selected appliances. In 1990, we reanalyzed dish­
washers, clothes washers, and clothes dryers, based on pub­
lic comments received on a previous notice of proposed 
rulemaking (NOPR). A final rulemaking is expected to be 
published by DOE early in 1991. 

In addition, we have initiated analyses for eight prod­
ucts: water heaters, pool heaters, direct heating equipment, 
mobile home heaters, fluorescent ballasts, room air condi­
tioners, ranges I ovens, and televisions. A new initiative for 
lighting products was also begun late in 1990. The pros and 
cons of lighting standards and other lighting energy conser­
vation programs will be addressed. 
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ergy Technical Support Document DOE/CE-0277, No­
vember, 1989. 

McMahon JE, et al. Impacts of U.S. Appliance Performance 
Standards on Consumers, Manufacturers, Electric Utili­
ties, and the Environment. In: Proceedings of the ACEEE 
1990 Summer Study on Energy Efficiency in Buildings, 
August 26-September 1, 1990. Washington, DC: Ameri­
can Council for an Energy-Efficient Economy, 1990, 
pp. 7.107-7.116. 

Turiel I, et al. U.S. Residential Appliance Energy Efficiency: 
Present Status and Future Policy Directions. In: Proceed­
ings of the ACEEE 1990 Summer Study on Energy Efficiency 
in Buildings, August 26-September 1, 1990. Vol. 1. Wash­
ington, DC: American Council for an Energy-Efficient 
Economy, 1990, pp. 1.314-1.234. 

McMahon JE. National Appliance Efficiency Regulations 
and Their Impacts. In: MIT Conference on Energy and the 
Environment in the 21st Century, March 26-28,1990. Cam­
bridge, MA: MIT Press, 1990. 

Carlsmith RS, Chandler WU, McMahon JE, Santini OJ. En­
ergy Efficiency: How Far Can We Go? Publication No. 
ORNL/TM-11441, January 1990. 

U.S. Department of Energy, Assistant Secretary, Conserva­
tion and Renewable Energy, Building Equipment Divi­
sion. Energy Conservation Standards for Consumer Prod­
ucts: Dishwashers, Clothes Washers, and Clothes Dryers. 
U.S. Department of Energy Technical Support Docu­
ment DOE/CE-0299P, December 1990. 

The engineering analysis consists of the following steps: 
select appliance classes, select baseline units for each class, 
select design options for each class, determine maximum 
technologically feasible design and the efficiency improve­
ment for each option for each class, and the cost of each design 
option. Data are obtained through contacts with trade orga­
nizations and manufacturers, from suppliers of purchased 
parts and materials, and from computer simulations. 

In 1991, we plan to complete the engineering analysis of 
eight products. We will take into account the public com­
ments received from the Advanced NOPR. Clothes washers 
will also be reanalyzed in 1991, based on additional data for 
horizontal axis designs expected to be received from manu­
facturers. We will also complete our report on the results of 
our analysis of existing lighting programs and potential 
lighting standards approachs. 

Reference 

Federal Register, September 28, 1990; 55:189:39624-39634. 
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Assessing the Impacts of Appliance 
Standards on Manufacturers 

S. Stoft and T. Chan 

The Manufacturer Analysis assesses the impact of appli­
ance standards on the profitability and competitiveness of 
the various appliance-manufacturing industries to be af­
fected by mandatory energy efficiency standards. The pri­
mary tool used by this evaluation is the Manufacturer Impact 
Model (LBL-MIM). LBL-MIM uses engineering cost and 
efficiency estimates as well as collected economic and finan­
cial data for this analysis. Outputs include price, rate of 
profit, shipments, revenues, net incomes, and the standard 
errors of these estimates. LBL-MIM also provides estimates 
of retail prices used by the Residential Energy Model (LBL­
REM) and the life-cycle cost analysis. 

This year, we have used LBL-MIM to prepare a final 
analysis of dishwashers, clothes washers, and clothes dryers 
as well as to prepare a Technical Support Document. In 
addition to the standard analysis, a regulatory impact analy­
sis was done. Our results continue to indicate that federal 
energy efficiency standards are not likely to have drastic 
impact on profitability because of the industry's ability to 
pass on variable costs with a markup. 

A step toward compatibility between LBL-MIM and 
LBL-REM was taken by revising LBL-MIM to accept dis­
count rates as input. This allows LBL-MIM to use empirical 
data reflecting market behavior from LBL-REM. Next year 

Forecasting Residential Energy 
Demand 

J.E. McMahon, D.B. Berman, and P. Chan 

The LBL Residential Energy Model (LBL-REM) pro­
vides estimates of the impacts on consumers of federal 
policies affecting energy consumption by home appliances 
including furnaces and air conditioners. LBL-REM com­
bines engineering estimates of possible appliance designs 
with a simulation of market behavior for the purchase of 
appliances, including fuel choice, efficiency choice, and us­
age behavior. 

The LBL-REM has been improved this year by: incorpo­
rating into REM new data from public comments on the 
proposed rules for dishwashers, clothes washers, and clothes 
dryers; updating the demographic and housing projection 
for the nation, by region; and enhancing the capability to 
analyze uncertainty. 

The mode~ was used to perform several analyses of 
impacts of federal policies on consumers and on national 
energy consumption, including: supporting DOE's promul­
gation of new standards for dishwashers, clothes washers, 
and clothes dryers; estimating the remaining potential for 
improving energy efficiency in buildings for the National 
Energy Strategy; and calculating potential reductions in 
carbon dioxide emissions resulting from alternative energy 
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will bring further integration of the demand functions of LBL­
MIM and LBL-REM. An external review panel consisting of 
industry, academic, and Environmental Protection Agency 
representatives reviewed LBL-MIM's modeling approach 
and economic assumptions to identify strengths and areas for 
improvement. The panel's findings were submitted to DOE 
and LBL has evaluated and proposed new work to address 
suggested areas of improvement. 

Data collection efforts for the next round of product 
analyses (kitchen ranges and ovens, room air conditioners, 
direct heating equipment, water heaters, pool heaters, televi­
sion sets, fluorescent lamp ballasts, and mobile home fur­
naces) were initiated and included a combination of question­
naires submitted to industry trade associations and indi­
vidual firms, and plant visits. 

In 1991, we expect to complete the integration of the LBL­
MIM and LBL-REM demand functions, collect data and com­
plete the preliminary analysis for the eight products in the 
next round of products, and evaluate the feasibility of devel­
oping standards for lighting products. 

Reference 

U.S. Department of Energy, Assistant Secretary, Conserva­
tion and Renewable Energy, Building Equipment Divi­
sion. Energy Conservation Standards for Consumer Prod­
ucts: Dishwashers, Clothes Washers, and Clothes Dryers, 
U.S. Department of Energy Technical Support Docu­
ment DOE/CE-0299P, December 1990. 

efficiency policies, including energy taxes and improving the 
economic efficiency of the marketplace. 

In addition, LBL-REM results were used to analyze im­
pacts of proposed efficiency standards on manufacturers, 
electric utilities, and the environment. 

We plan to continue to model impacts of any proposed 
federal conservation standards, including incorporating into 
REM any new data from public comments on the advanced 
notice of proposed rulemaking for nine products. An analysis 
of potential standards for room air conditioners, water heat­
ers, direct heating equipment, and pool heaters will be per­
formed on a regional basis. We will develop new projections 
of energy consumption for televisions, mobile home furnaces, 
fluorescent lamp ballasts, and ranges and ovens. We will 
continue improving the consumer market analysis and fore­
casting capabilities of REM and enhancing the capability to 
analyze uncertainty. We will develop an improved method 
for estimating elasticities for REM. 

Reference 

McMahon JE, Berman D, Chan P, ChanT, Koomey J, Levine 
MD, StoftS. lmpactsofU.S. appliance energy performance 
standards on consumers, manufacturers, electric utilities, 
and the environment. In: Proceedings of the ACEEE 1990 
Summer Study on Energy Efficiency in Buildings,August 26-
September 1, 1990. Washington, DC: American Council 
for an Energy-Efficiency Economy, 1990, pp. 7.107-7.116. 
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Figure. Logic diagram showing 
major components of LBL Residential 
Energy Model. (XCG 8412-13510) 
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The Potential for Efficiency 
Improvements in Residential 
Buildings by the Year 2010 

A. Meier, C. Atkinson, J. Koomey, B. Atkinson, 
S. Boghosian, J. McMahon, and M.D. Levine 

A database of residential electricity conservation mea­
sures was established. For each measure, key engineering 
and economic data were collected. These data, plus estimates 
of the stock of physically eligible homes and appliances, 
permit the calculation of the national potential for electricity 
conservation. The results are presented as supply curves of 
conserved electricity (Figure 1, next page). 

The supply curve of conserved electricity consists of 
almost 200 cost-effective measures; i.e., measures whose cost 
of conserved energy (CCE) are less than the price of electric­
ity. The curve describes a combination of four kinds of 
efficiency activities: 

• retrofitting existing buildings and equipment 
• raising efficiency of appliances as they are replaced 
• improving the thermal performance of new buildings, 
• switching from electricity to gas. 

-
-
-

-19-

The reduction in energy use by the year 2010 is best seen 
in Figure 2 (see next page). The cost-effective technical 
potential is about 400 TWh/year below the frozen efficiency 
projection. 

The conservation potential is distributed among water 
heating, space conditioning, lighting, and "other." Potential 
savings of about 100 TWh/year were identified in both the 
water-heating and space-conditioning end uses, whereas 
lighting and refrigeration each contribute about 60 TWh/ 
year. The greatest potential end-use savings lie in water 
heating (60%),lighting (50%), refrigerators (39%), and space 
conditioning (31 %). The measure with the largest savings is 
a package of hot water conservation measures (low flow 
showers, aerators, and water-efficient washing machines 
and dishwashers). Three large measures cost less than 2rt/ 
kWh: retrofits for water-heater tanks, refrigerator improve­
ments, and measures to conserve hot water. 

Reference 

Meier A, Atkinson C, Atkinson B, Boghosian S, McMahon JE, 
Koomey J. A Database of Electricity Conservation Measures 
for the Residential Sector. Lawrence Berkeley Laboratory 
Report No. LBL-30477, 1991. . 
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Figure 1. A supply curve 
of conserved electricity. 
Each step represents a 
conservation measure. Its 
height is the measure's CCE 
and its width is the 
estimated savings in the 
year 2010 . 
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Figure 2. Electricity use over time for the baseline ("frozen efficiency") forecast, 
an LBL "business-as-usual" forecast, the achievable conservation potential, and 

the technical potential. 
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Thermal Integrity of Single-Family 
Buildings 

J. Koomey, S.Boghosian, and J. McMahon 

The purpose of this ongoing research is to estimate the 
costs and potential for energy conservation in new and 
existing single-family dwellings in different regions of the 
United States. This research involves the following steps: 

1) establishing baseline characteristics of houses, such as 
the amount of insulation in the building shell, the 
type of glazing, the rate of air infiltration, and the 
foundation type (e.g., basement, slab, or crawl space). 
These characteristics are based on surveys con­
ducted by the National Association of Home Build­
ers (NAHB) and the U.S. Department of Energy, 
and are summarized in building prototypes that 
vary by region and house vintage; 

2) determiningthepopulation-weightedaverageweather 
for each region of the country, based on a climate­
averaging program developed at Lawrence Berke­
ley Laboratory; 

3) calculating the energy use of the prototypical houses 
(and more efficient versions of this prototype) using 
the appropriate average weather and a building 
simulation program (the Program for the Energy 
Analysis of Residences-PEAR); 

Energy Analysis Program 

4) summarizing regional data on costs of adding insula­
tion, changing glazings, and reducing infiltration, 
both in new and retrofit applications. These data 
are from NAHB and from utility conservation pro­
grams throughout the United States; 

5) estimating the cost-effectiveness of making buildings 
more efficient or of using different heating fuels. 

The table shows the average heating and cooling energy 
use for new single-family homes using heat pumps in the ten 
Federal regions of the United States in 1987. This table was 
created using the methodology outlined in steps 1-3 above. It 
shows that Region 5 (the upper midwest) has the highest 
space-heating energy intensity per square foot, and Region 6 
(Texas and surrounding states) has the highest space-cooling 
energy intensity per square foot. These results for average 
building prototypes are then recalculated for buildings with 
more insulation, better glazing, and lower infiltration rates, 
and capital costs are assigned to each level of improved 
building shell efficiency. 

Cost and energy savings information is being incorpo­
rated into Lawrence Berkeley Laboratory's Residential En­
ergy Forecasting Model (LBL-REM) and into a companion 
model that calculates total conservation potential in U.S. 
residential buildings (ACCESS). The data are being updated 
to include more advanced window and insulation technolo­
gies that promise to reduce costs substantially in the years 
ahead. 

Table. Heating and Cooling Site Energy Use of New Single-Family Homes with Heat Pumps, 1987 

Floor Heating Cooling 
Federal Area Energy Energy 
Region (ft2) MMBtu/yr (kBtu/ft2/yr) Index MMBtu/yr (kBtu/ft2/yr) Index 

1 2013 19.61 9.74 1.14 2.09 1.04 0.33 
2 2887 24.64 8.54 1.00 4.90 1.70 0.55 
3 2242 23.10 10.30 1.20 4.77 2.13 0.68 
4 1852 11.72 6.33 0.74 11.83 6.39 2.05 
5 2008 24.44 12.17 1.42 2.38 1.18 0.38 
6 1800 9.57 5.32 0.62 13.56 7.53 2.42 
7 2411 21.20 8.79 1.03 7.52 3.12 1.00 
8 2013 21.81 10.84 1.27 1.61 0.80 0.26 
9 1783 3.61 2.02 0.24 0.40 0.23 0.07 

10 1805 17.69 9.80 1.15 0.47 0.26 0.08 

National 2013 17.23 8.56 1.00 6.26 3.11 1.00 

Index is relative to National average heating or cooling site energy (kBtu/ft2). 
Heat pump seasonal performance factor= 7.32 (COP= 2.15); heat pump seasonal energy efficiency ratio= 10.1 

(COP = 2.96). 
Electric site energy can be converted to kWh using 3412 Btu/kWh. 
Federal regions: 1 =New England; 2 =New York/New Jersey; 3 =Mid-Atlantic; 4 =South Atlantic; 5 =Midwest; 

6 =Southwest; 7 =Central; 8 =North Central; 9 =West; 10 =Northwest. 
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[- Global Energy!Environnrental Issues - J 
Remote Monitoring of Effects of 
Climatic Change on Vegetation 

R.L. Ritschard, W.E. Westman, and M.F. Landsfeld 

Canopies of natural vegetation can respond to climatic 
variation by exhibiting a range of changes in leaf anatomy, 
biochemistry, morphology, and canopy structures. Each of 
these changes will alter the reflectance of radiation from 
canopies in broadly predictable ways, making optical remote 
sensing a potentially powerful tool for tracking changes in 
vegetative conditions due to climatic influence. This study 
attempts to determine the feasibility of using satellite data to 
monitor interannual changes in vegetation canopy condi­
tions based on changes in climate (i.e., temperature and 
precipitation). 

Three vegetation types, northern coastal scrub, coastal 
sage scrub, and grassland, in the San Bruno Mountain State 
and County Park, just south of San Francisco, were selected 
for this study. Fourteen sites were selected for the estimation 
of foliar cover of dominant species of plants and percent of 
exposed ground. In addition, daily weather data were ob­
tained and used to compute the various climatic variables. 
Potential evapotranspiration was computed from tempera­
ture, relative humidity, and latitude data. Monthly water 
surplus or deficit values were computed as the difference 
between monthly total precipitation and total potential evapo­
transpiration. These vegetation types and climate data were 
then compared to satellite images from three cloud-free time 
periods at the end of the summer dry season (September 
1984, 1986, 1989). 

Because its spatial resolution (30m) allows one to distin­
guish distinct vegetation types, LANDSAT Thematic Map­
per (TM) satellite data were used for this study. Previous 
laboratory studies have elucidated the relationship between 
reflectance from drought-stressed leaves and TM spectral 
bands. TM Band 3 (red region, 630 nm), which can be used to 
identify leaf chlorophyll content, increases as chlorophyll 
breaks down because of drought-related conditions. TM 
Band 4 (near infrared region, 760-900 nm) is sensitive to leaf 
water content and its radiance increases as leaves dry out. 
TM Band 5 (middle infrared region, 1550-1750 nm) increases 
as fall leaf moisture decreases. After registering LANDSAT 
TM scenes to topographic maps ofthe study area, the satellite 
data are overlain the study sites using ERDAS software and 
a geographic information system. 

Preliminary results (Figure) show that as the drought of 
the late 1980s progressed (indicated by winter and summer 
water deficits, i.e., precipitation minus potential evapotrans­
piration), spectral reflectance (especially TM Bands 3, 4, and 
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the ratio 4/3) increases. Band 5 and the 5/4 ratio are less 
sensitive to climatic variation. Sensitivity of response to 
climate is greatest in the northern coastal scrub and least in 
grassland, with coastal sage scrub being intermediate. These 
results can only be regarded as preliminary; a larger sample 
size (i.e., more years of satellite data) is required for definitive 
confirmation or rejection. The present study has provided 
some strong indication, however, that canopy changes in 
northern coastal scrub may have adequate sensitivity to 
serve as a useful indicator ecosystem for monitoring climatic 
change. 
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The Role and Impact of Energy 
Efficiency in Developing Countries 
andEastern Europe 

M.D. Levine, A. Gadgil, S. Meyers, J. Sathaye, 
J. Stafurick,* and T. Wilbankst 

The objective of this project has been to explore effi­
ciency improvements as an energy strategy for developing 
countries and Eastern Europe. The final report will be 
distributed widely to technical and public policy audiences 
to promote the creation of significant new energy efficiency 
programs in these countries, with assistance from the United 
States and other modern industrialized nations. The report 
describes the evolving energy patterns in these countries and 
outlines the role that energy efficiency can play in the near 
and mid-range future. It summarizes the main issues that 
must be confronted in improving energy efficiency, together 
with the growing record of success in this regard. Finally, it 
suggests what needs to be done to accelerate energy effi­
ciency improvement in the developing world and Eastern 
Europe, as a fundmental contribution to economic and social 
development. 

Some key observations resulting from the research in­
clude: 

• Most ofthe developing world currently faces a grow­
ing need for energy services in order to support 
economic and social development, but inadequate 
resources to meet that need. 

• On a per capita basis, developing countries in 1987 
consumed an average of 18 million Btu in com­
mercial fuels and an additional 8 million Btu in 

*RCG/Hagler, Bailly, Inc. 
+Energy Division; Oak Ridge National Laboratory. 
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biofuels, compared with more than 130 million 
Btu in Western Europe and 305 million Btu in the 
United States. 

• Although per capita and total energy consumption in 
the developing world remains less than half that 
of the developed world, the rate of growth in 
energy consumption has been far higher in the 
developing countries for the last two decades 
(Figure). 

• Reasons for the rapid increase in primary energy 
consumption in the developing economies in­
clude: 1) rapid population growth; 2) faster eco­
nomic growth than in the modern industrialized 
countries, particularly in the 1970s; 3) migration 
from rural areas, where energy needs are met 
primarily with biomass, to urban areas where 
commercial fuels predominate; 4) penetration of 
energy-intensive technologies (e.g., increasing 
use of fertilizers, personal vehicles, and electric 
appliances); 5) limited capability and resources 
to improve energy efficiency; and 6) expansion 
of energy-intensive industries. 

• Overall, commercial energy consumption in the de­
veloping world grew around 20% faster than 
gross domestic product (GDP) between 1973 and 
1987. The relationship between energy con­
sumption and GDP has varied between regions 
and over time. 

• Generally, developing countries and Eastern Europe 
require substantially greater quantities of energy 
resources to deliver one unit of useful energy 
than do modern industrialized countries. It is 
likely that the energy intensity (measured as 
commercial and non-commercial energy per unit 
GDP) of developing and Eastern European coun­
tries is approximately 60% greater than that of 
industrialized countries. 

10 

10 12 

Figure. Average growth 
rates of primary energy 
consumption, 1973-1987. 
(DCs = developing countries) 
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Although there are major barriers to successful imple­
mentation of energy efficiency programs in developing coun­
tries and Eastern Europe (and such activities are only in early 
stages), there have been important successes. Brazil, China 
and Tunisia have all mounted large, successful programs. 

Even though supply projects are needed, a new balance 
between supply and energy efficiency investments must be 
established. An annual investment of $20 to $30 billion in 
energy efficiency projects can be justified. Between $1 billion 
and $2 billion per year of assistance is needed in order fot 
developing countries and Eastern Europe to create and ad­
minister energy efficiency policies and programs. 

Energy Conservation Investments in 
China 

M.D. Levine and L. Xueyi* 

Until 1978, energy production and use in China grew 
very rapidly, during most years at a rate of one and one-half 
to t~o t~mes that of the economy. This is not surprising, 
cons1denng the emphasis placed in China on the develop­
ment of heavy industry, the lack of adequate price signals and 
other mechanisms to balance energy supply and demand, 
and the general inattention given to efficient resource alloca­
tion by leading Chinese planners. 

The considerable reductions in energy growth since 
1978 are surprising when compared to the experiences of 
other dev_elopi~g countries. During the last decade, energy 
demand m Chma has grown only 50% as rapidly as an 
admittedly overheated economy. Growth of energy demand 
substantially below economic growth is unusualin the devel­
oping world. 

This project explores the factors that have motivated 
energy pl~nners in China to pay more attention to energy 
conservation. It summarizes information never before made 
available outside of China about types of programs under-

*Energy Research Institute, Peoples Republic of China. 
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taken, the criteria used to evaluate energy efficiency invest­
ments, and the performance of these investments. It focuses 
on the period 1981 to 1985 when the Sixth Five-Year Plan was 
implemented. This period is of great interest because it 
represents a radical shift in energy policy in China. A massive 
and ambitious plan for investing in energy savings programs 
was initiated along with other measures by which the gov­
ernment supported energy conservation. 

The most important finding of the study is that the 
Chinese have made very large investments in energy effi­
ciency: 8 billion yuan (or more than $3 billion) from 1981 to 
1985. This investment was highly cost-effective. We estimate 
that it reduced energy growth by more than 25 million tons 
of coal equivalent, thereby reducing annual growth from 7% 
to 4% by 1985. This result is significant and important. The 
con~ervation supply curve, applied only to those programs 
earned out during the Sixth Five-Year Plan, illustrates the 
impacts of these programs (Figure). 

Continuing work explores more recent progress in en­
ergy efficiency investments and begins to evaluate the over­
all energy conservation potential in China and the costs of 
efficiency improvements. 
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1. Efficient Domestic Coal Burning 
2. Renovation of Industrial Furnaces 
3. Use of Solid Coal Waste 
4. Processing Scrap 
5. Machines to Silt Coal 
6. Coal Washing 
7. Renovation of Industrial Boilers 
8. Waste Heat Utilization 
9. Renovation of Cement Kilns 
10. Miscellaneous new Technology 
11. Cogeneration 
12. Rehabilitation of Small 

Fertilizer Plants 
13. Closing Old Factories 
14. Continuous Casting 

Figure. Cost of 
conserved energy in 
China's Sixth 
Five-Year Plan. 
(Mtce = one million 
tons coal equivalent) 
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An Overview of China's Energy System 

M.D. Levine, J. Audette, W.B. Davis, R.J. Hwang, 
F. Liu, and J. Sinton 

The objective of this project has been to study energy 
issues in the People's Republic of China related to global 
climate change. The rapid historical growth of energy in 
China, combined with the high proportion of coal use in the 
energy economy and the immense population of China, has 
made China a major contributor to global release of green­
house gases. 

This project involves close collaboration with Chinese 
researchers, particularly at the Energy Research Institute of 
the State Planning Commission.Work has concentrated on 
four topics: 

• compilation of statistical data describing the evolution 
of the Chinese energy system; 

• review and analysis of energy conservation programs 
in China; 

• analysis of factors contributing to overall reductions in 
energy intensity in China over the past decade; and 

• assessment of alternatives to coal-on both the de­
mand and supply sides-to reduce growth of 
greenhouse gas emissions over the next 20 to 30 
years. 

1600 
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Energy Analysis Program 

Some key findings of the research to date: 

• Extremely rapid economic growth in China has led to 
rapid increase in energy consumption. 

• Despite the rapid growth in energy supply, China has 
persistent shortages of energy, particularly electric­
ity and, more recently, coal. 

• China has devoted considerable effort to improving 
the efficiency of energy use; as a result, energy has 
grown only half as rapidly as gross domestic prod­
uct (GDP) over the past decade (Figure). 

• Nevertheless, energy use remains very inefficient in 
China. However, care must be taken in making 
comparisons between China and industrialized 
countries. In the steel industry, for example, raw 
data suggest that the energy required to produce a 
ton of steel in China is twice that required in the U.S. 
A more careful analysis, in which corrections are 
made for accounting differences, differing prod­
ucts, and the like, reveals that the average intensity 
of Chinese steel plants is about 40% greater that U.S. 
plants. 

Continuing work includes research in all four areas of 
the project as well as preparation of a monograph on critical 
energy issues facing China. 

Energy Use at 1977 Intensity 14 15 
Figure. Energy /GDP 
growth in China. 
Here GDP is national 
income and is at 1980 
constant prices. 

1200 

800 

400 

0 
1970 1972 1974 1976 1978 1980 1982 1984 

-25-

915 

1986 1988 

(Mtce =one million 
tons coal equivalent) 



Energy Analysis Program 

Building Energy Use and Conservation 
Opportunities in Commercial Build­
ings in Southeast Asia 

M.D. Levine, J.F. Busch, and J.J. Deringer 

This research gathered and analyzed measured data on 
the energy performance of air-conditioned commercial build­
ings in Indonesia, Malaysia, the Philippines, Singapore, and 
Thailand. The results showed a significant difference be­
tween the most and least energy-intensive office buildings 
(Figure). In addition, average energy intensity among differ­
ent building types varied considerably. Hospitals displayed 
the highest average annual energy intensity (382 kWh/m2

), 
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followed by shopping complexes (332 kWh/m2
), hotels (307 

kWh/m2), and office buildings (246 kWh/m2
). Substantial 

cost-effective energy savings are possible: 30% to 40% for 
new buildings using existing technology and 10% to 20% for 
existing buildings. An overall20% savings in energy use in 
commercial buildings in these countries would yield benefits 
of $400 million a year. A new project related to this one 
involves 

• expanding the database to include more buildings in 
more developing countries; 

• performing analysis on the data (e.g., weather normal­
ization) to permit comparisons among countries; 

• working with other developing countries to establish 
model codes and other approaches to improve the 
energy efficiency of their buildings. 

.Mlli 
1 3 5 7 9 11131517192123252729313335373941434547495153555759616365676971 

Average= 246 kWh/m2/yr 

Figure. A~nual energy use in Southeast Asian office buildings. 
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Conservation Potentials in the 
Building Sector in Pakistan 

H. Akbari, Y.J. Huang, R.L. Ritschard, and 
O.A. Sezgen 

In a study sponsored by RCB/Hagler, Bailly, Inc., we 
analyzed the conservation potential in residential and com­
mercial office buildings in Pakistan. The elements of the 
study included: 

• preparation of survey forms for residential and com­
mercial buildings, and compilation of data to deter­
mine the characteristics of Pakistani buildings; 

• analysis of the weather data to be used for the simu­
lations; 

• development of prototypical models for residential 
buildings, office buildings converted from residen­
tial buildings, and office buildings; 

• determination of the promising and feasible combina­
tion of energy conservation measures; 

• examination of energy performance of alternative 
HV AC systems for the office buildings; 
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• development of methods for making use of the large 
database generated from DOE-2 simulations of the 
buildings. 

The study focused on the development and simulation 
of three prototypical buildings: a single-family detached 
house, an office converted from a single-family detached 
house, and an office building--each in five representative 
climate regions. For offices, prototypes have been developed 
for both individual office rooms with window air-condition­
ing units and large offices with central air-conditioning units. 
Typical conservation measures considered include: enve­
lope retrofit measures to control heating and cooling loads of 
the building; energy-efficient lighting; energy-efficient heat­
ing and cooling system; and energy-efficient appliances (re­
frigerators, washers, driers, etc.). Our methodology for ana­
lyzing the impact of conservation measures included per­
forming a systematic series of DOE-2.1D simulations, 
benchmarking and validating the simulation results with 
monthly utility bills, and performing parametric simulations 
of energy conservation measures. 

For offices in Karachi, cooling energy use is very sensi­
tive to air-conditioning COP, window film, roof and wall 
insulation, and roof color (Figure). The impact of wall color, 
efficient lighting systems, day lighting, and infiltration of air­
conditioning use is fairly low. Those measures that have the 

o~~~~~~~~U-~~--~~~--~~--~~--~~--~~~ 
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Figure. Simulated cooling energy use for a variety of conservation options in a prototypical office building in Karachi. 
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greatest impact on heating energy demand are roof and wall 
insulation (positive impact), roof color (negative impact), 
and control of infiltration (positive impact). The combined 
parametrics for office buildings include variations in walls 
and roof insulation, roof color, air-conditioning COP, and air 
infiltration. Our simulations indicate that savings on the 
order or 30% to 60% in both heating and cooling energy use 
in Pakistani office buildings are easily achievable through 
use of simple and available conservation measures such as 
insulating roofs and walls, controlling; infiltration, use of 
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high-COP air-conditioning units, and coloring the roofs white. 
Similar potential energy savings are also possible for Paki­
stani houses and converted office buildings. 
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( - International Energy Studies - ] 
Soviet Energy Conservation: 
A Dilemma 

L. Schipper and R.C. Cooper 

We have carried out an extensive analysis of energy use 
in the Soviet Union. We found that the structure of energy use 
in the Soviet Union differs so much from that in the West that 
comparisons with Western countries of the ratio of total 
energy use to economic activity are almost meaningless. Put 
simply, the Soviet Union is far more materials- and freight­
intensive than most Western economies, while Soviet citi­
zens have farless living space and mobility than Westerners. 
Moreover, most energy uses in the Soviet Union are consid­
erably less efficient than are corresponding ones in the U.S. or 
Europe. 
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How much energy could be saved in the Soviet Union? 
If energy intensities fell to those of average Western prac­
tices, Soviet final energy use might fall as much as 30%, as the 
Figure shows for the "moderate" case. If Soviet energy inten­
sities were as low as those in new homes, factories, cars, and 
aircraft in the West, the reduction would be as much as 45%, 
also showed in the Figure as the "vigorous" case. Reductions 
in the obvious waste of raw materials produced and shipped 
might allow for further reductions in energy use, but in­
creases in comfort and mobility could require equal in­
creases. 

It has been difficult for the Soviet economy to save 
energy; most energy intensities have been stable, although 
fuel intensities of some subsectors (power production, cer­
tain materials, trucks, and railroads) have declined. What has 
prevented the realization of greater energy savings? The 

Transport 

Industry Elect, 

Industry Fuei!DH 
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Res/Comm. Fuel, DH 

Figure. Soviet energy efficiency potential: 
implications for 1985 energy demand. 
Moderate== average Western intensities; 
Vigorous== lowest Western intensities; 
DH == district heating; 
Bn TCE == billion tonnes of coal equivalent. 
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obvious barrier is the lack of realistic energy prices, which lie 
below replacement costs, as well as the lack of a mechanism 
that makes users pay directly for energy used. Other barriers 
include lack of interministerial cooperation, the shadow of 
secrecy over much data on how energy is actually used, and 
the closed nature of the Soviet economy, all of which have 
prevented application of many Western energy-saving tech­
niques. 

Energy Efficiency in Japan: 
Myths and Reality 

L. Schipper, A. Sprunt, 5. Christie, and H. Kibune* 

Japan, with approximately the same per capita gross 
national product (GNP) as the United States in recent years, 
uses less than half as much the per capita energy as the United 
States. Do differences in the efficiency of energy use account 
for this difference in per capita energy use? To answer this 
question, we investigated energy use in Japan since 1970 for 
25 sectors and end uses and compared these with similar end 
uses in the United States. We found that less than half of the 
difference in the energy to GDP ratio was caused by greater 
efficiency in Japan; the major part of the difference is caused 
by differences in how Americans and Japanese live. 

We compared the levels of activity in Japan and the 
United States for manufacturing, travel, freight, residential, 
and the service sector. The manufacturing share of GDP in 
Japan is higher than the United States, but in other sectors, per 

*Japan Institute of Energy Economics and Massachusetts Institute of 
Technology. 
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capita activity is significantly less than in the United States. 
Japanese homes, for example, are less than 85 m2 in size vs. 
more than 140m2 in the United States. The Japanese travel 
less than 10,000 km/year; Americans, more than 22,000 km/ 
year. If we examine the structure of activity in each manu­
facturing sector, Japanese output includes a larger share in 
energy-intensive raw materials than the United States. Japan 
transports far more of its domestic freight by truck, the most 
energy-intensive mode, than does the United States. But in 
consumer-oriented sectors, Japan's mix is far less energy­
intensive than that of the United States. Only 55% of Japan's 
total domestic travel is by car vs. 85% in the United States; 
only 5% of Japanese homes have central heating vs. over 80% 
in the United States,and the Japanese have virtually no 
clothes dryers, dishwashers, or freezers. If the United States 
had the same levels and mix of activities as Japan, primary 
energy use for the five sectors studied would be 20% less than 
it actually was in 1987. The Figure shows per capita energy 
use in the United States with the Japanese level and mix of 
activities assumed for the United States (but U.S. energy 
intensities), as well as the level of energy use that would 
obtain if the Japanese had the U.S. level and mix of activities 
(but Japanese energy intensities). 

GJ/Capita, Primary Energy 
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Figure. Japanese and U.S. 
energy use, 1987: 

Effects of structural 
difference. Each country's 
energy use with the other 
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Does Japan use energy more efficiently than the United 
States? When allowance is made for differences in the mix of 
industrial output, Japan uses approximately 30% less energy 
per unit of output in \ndustry than the United States. Japa­
nese trucks use less energy per tonne-km than American 
trucks. Japanese appliances refrigerators and air condition­
ers appear to use 25% less energy than comparable American 
ones, and Japan's auto fleet about 30% less energy /km. 
Japanese households use only 40% as much heat, per unit of 
floor area and degree-day, as American homes, but this 
difference is caused almost entirely by the spartan heating 
habits of the Japanese, who only heat occupied rooms to 14 or 
15 C. In all, if Americans used energy with the same intensi­
ties as the Japanese, U.S. primary energy use in the five 
sectors studied would be about 20% less than it actually was 
in 1987, as the Figure also shows. Ignoring Japanese heating 
practices, U.S. energy use would only fall by 15%. Thus we 
can state that lower energy intensities in Japan account for 
half (or less) of the difference in the energy /GDP ratio; 
differences in the mix of activities and lifestyles account for 
the rest. 

Since 1973, the ratio of energy use to GDP fell in Japan by 
31%, and in the United States by 26%. After we account for 
changes in the mix of activities in each sector, we found that 

Changes in Energy Use for Passenger 
Travel in Major Industrialized 
Countries, 1970-1987 

L. Schipper, P. Duerr, R. Steiner, F. An, and 

S. Strem* 

This work analyzes some of the changes that took place 
in the structure of energy use for passenger travel in industri­
alized countries. Data are presented on energy use and travel 
activity for the four major modes of travel (automobile, bus, 
rail, and air) for eight countries: United States, Japan, the 
U.K.,WestGermany,France,Italy,Sweden,andNorway. We 
use the Laspeyres and Divisia indices to analyze the causes of 
the change in energy use between 1970 and 1987. The total 
change in energy use for travel is explained by changes in 
domestic passenger transport volumes, the mix of modes of 
travel, and the energy intensities of each mode. 

We have found two important effects that since 1970 
have had a fundamental impact on energy use for travel. 
First, shifts among modes of transport toward more energy­
intensive modes and toward large increases in travel volume 
(measured in passenger-kilometers) increased the energy 
used for travel in many industrialized countries, often more 
rapidly than the overall growth in the gross domestic prod­
uct. Second, energy intensities of passenger transport (mea-

*University of Oslo, Norway 
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energyintensitiesinJapanfell20%, those in the United States, 
by 19%. Almost all of the savings in Japan occurred in the 
manufacturing sector, while significant savings in the United 
States also occurred in households, services, and transporta­
tion. We found that the savings in Japanese industry led 
those of all industrialized nations, but a significant slow­
down occurred after oil prices fell in 1986. In sectors not 
engaged in world trade domestic transportation, households, 
and services however, little energy saving occurred in Japan, 
in part because standards of comfort there increased. While 
there is certainly a potential for further energy efficiency 
increases in these sectors in Japan, continued increases in 
comfort and mobility may offset the impact of these savings 
on Japanese energy use. 
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sured in MJ I passenger-kilometer) fell in only a few countries 
between 1970 and 1987. Although individual automobiles 
have become more energy-efficient, efficiency improvements 
have been restrained-or even offset-by greater automobile 
size, power, and weight; by worsening traffic conditions in 
Japan and Europe; and by lower occupancy per car. 

The Figure (see opposite page) shows the effect of changes 
in energy intensities on energy use for passenger travel. 
Holding constant both the volume of travel and the mix of 
modes, we calculate the change in energy use caused only by 
changes in the intensities of individual modes, with 1970 
energy use indexed to 100. Particularly notable are the 
increasesinintensitiesinJapanandWestGermany. Themost 
important exception to this trend was the United States, but 
the intensities of land-based travel remain higher there than 
in most other countries. These findings lead to a pessimistic 
outlook for future energy use for travel. After all, if little or 
no energy was saved during the decades of high fuel prices, 
what can be expected in the 1990s? 
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Figure. Travel energy use in major industrialized countries (varying energy intensity) 

Energy Savings in Industrialized 
Countries Since 1973: Achievements 
and Prospects 

L. Schipper, R. Howarth, P. Duerr, R. Steiner, 
A. Sprunt, A. Ketoff, and S. Meyers 

We have made an exhaustive study of changes in energy 
use in major Organization for Economic Cooperation and 
Development (OECD) countries. Our analysis is based on 
detailed sectoral studies of manufacturing, transportation, 
households, and services in the United States, Japan, Den­
mark, Sweden, Norway, the U.K., West Germany, France, 
and Italy. In the United States, Japan, and West Germany, 
reductions in energy intensities alone lowered primary en­
ergy used by about 20% between 1973 and 1987. In the other 
countries studied, overall energy savings were generally 
comparable. We focus here on key sectoral results. 

In spite of oil price shocks, transportation energy use in 
most OECD countries was considerably higher in 1987 than 
in 1973. Total travel increased, as did the share of travel 
occupied by energy-intensive cars and air travel. In contrast 
to passenger transport, growth in freight was slow. How­
ever, the share of energy-intensive truck freight increased. In 
all, these changes in activity and in the mix of modes in­
creased energy use in every country studied. 
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Only the United States showed aggregate energy sav­
ings in transportation, although significant improvements 
were realized in certain modes in all countries studied. The 
intensity of air travel, for example, fell substantially in each 
country examined. The on-the-road fuel intensities of cars 
fell by30% in the United States, but less than 10% in the other 
countries; new cars behaved similarly and little progress was 
achieved after 1986 (Figure, next page). For freight trucks, 
fuel use per kilometer decreased, but fuel use per tonne­
kilometer actually increased in most countries studied, in­
cluding the United States. 

In manufacturing, energy use declined even though 
output increased by nearly one-third in the countries studied. 
The shift away from the processing of raw materials alone 
reduced energy use for manufacturing between 1973 and 
1987 by an average of 3% in six European countries, by 12% 
in Japan, and by 15% in the United States. Reductions in 
energy intensities in the major sub-sectors reduced manufac­
turing energy use by 33% in the United States, by 37% in 
Japan, and an average of 29% in six European countries 
between 1973 and 1987. 

Energy intensity in the residential sector fell in almost 
every country, but important increases in comfort offset 
much of the savings. The energy requirements of household 
appliances behaved similarly, falling an average of 15% in the 
major OECD countries. Energy requirements for new appli­
ances fell by as much as 50% by 1985 compared with 1973 
models. But the improvements in both space-heating and 
appliance efficiency began to slow after 1985. 
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Energy saving in the service sector was mixed. In virtu­
ally every country studied, the ratio of fuel used to total floor 
area or gross d?mestic product originating from the service 
sector fell more than 25%, but electricity intensity fell very 
little or increased. Savings in space heating account for much 
of the decline in fuel intensity. Increased penetration of 
electric heating, computers, and greater lighting levels were 
the main barriers to a real decline in electricity intensity. 

This comparison reveals that OECD countries reduced 
many important energy intensities and saved energy be­
tween 1973 and 1987. In the case of manufacturing, the 
energy savings represented an acceleration of historical trends 
from the 1950s. In the residential and service sectors, the 
savings achieved broke with previous trends. In transporta­
tion the record was mixed; only in the air travel sector were 
there clear energy savings. The recent slowdown in the pace 
of energy savings in automobiles, trucks, and homes is 
troublesome if industrialized countries are to count on reduc­
ing future fossil fuel use to restrain emissions of C02• 
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Changes in Energy Use, 1973-1987: 
An Overview for Three Countries 

L. Schipper, R. Howarth, and S. Meyers 

For the three largest Organization for Economic Coop­
eration and Development (OECD) economies, the United 
States, Japan, and West Germany, we analyzed the impacts of 
changes in activity levels, structure, and energy intensities in 
five sectors between 1973 and 1987, calculating the evolution 
in sectoral energy use that would have been driven by each 
factor if the other two had remained fixed over time. For each 
of these components of change, we also constructed a weighted 
average to estimate the cumulative impact across sectors. In 
this analysis, we estimated the impact on primary energy 
use. 

Increases in sectoral activity placed strong upward pres­
sure on manufacturing energy use in the United States and 
Japan, but not so much pressure in West Germany. Growth 
in activity played a major role in passenger transportation 
and in the services sector in all three countries. Activity in 
freight transport, measured in ton-km, had a somewhat less 
strong impact. The smallest impact of activity was in the 
residential sector, especially in West Germany, where 
population did not increase at all. Weighting the activity 
impact in each sector according to the sector's share of energy 
use in 1973, we find that the cumulative impact of growth in 
activity (holding structure and energy intensities constant) 
was to increase energy use by 45% in Japan, by 34% in the 
United States, and by 18% in West Germany. In each country, 
the weighted average of activity change was less than the 
growth in gross domestic product (GDP), which was 73% in 
Japan, 40% in the United States, and 29% in West Germany. 

Changes in the mix of activities or output in each sector 
(also called "structural change") pushed upward on energy 
use in most cases except manufacturing. In that sector, reduc­
tions in the importance of basic materials industries lowered 
energy use by11 %inJapan,14% in the United States, and2% 
in West Germany. Increases in the share of passenger travel 
in automobiles and airplanes raised energy use by 3% in the 
United States and by 5% in West Germany, but by 21% in 
Japan. Changes in the modal mix of freight transport in­
creased energy use by 29% in Japan and by 14% in West 
Germany, but by only 2% in the United States. Structural 
change had the greatest impact in the residential sector. 
Increases in home floor area, central heating, and appliance 
ownershipraisedenergyuseby37% in the United States, 54% 
in West Germany, and 97% in Japan. In the service sector, on 
the other hand, the impacts of structural change were rela­
tively small. In aggregate, structural change within the five 
sectors, given constant activity levels and energy intensities, 
raised energy use by 7% in Japan, by 5% in the United States, 
and by 15% in West Germany. 

Changing energy intensities had a significant impact in 
reducing energy use in most sectors. In manufacturing, in­
tensity changes reduced energy use by 20% to 30% in all three 
countries. In passenger transportation, modal intensity change 
reduced energy use by 20% in the United States and by 3% in 
Japan, but increased it by 12% in West Germany. In freight 
transportation, intensity reduced energy use by 2% in the 
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United States, 11% in Japan, and 16% in West Germany. In 
the residential sector, change in intensities reduced energy 
use by 20-24% in the United States and West Germany, but 
increased use by 9% in Japan. Cumulatively, changing en­
ergy intensities, given constant activity and sectoral stn.ic­
ture, would havereducedenergyuse by20% inJapan,21% in 
the United States, and 17% in West Germany. 

For Japan and the United States, the declines in weighted 
intensity are less than the decrease in the energy /GDP ratio, 
which was 34% in Japan, and 26% in the United States. The 
two declined by about the same proportion in West Ger­
many. These differences exist because changes in the mix of 
activities within sectors, as well as changes in the relative 
activity levels of the sectors, had a powerful effect on energy 
use. In West Germany, such changes in manufacturing were 
offset by shifts towards greater intensity in transportation 
and in the residential sector. 

We can estimate the savings due to intensity change 
between 1973 and 1987 in these countries, i.e., the increased 
amounts of primary energy that would have been used had 
intensities not decreased. The calculations show that total 
savings of primary energy were 17.2 exajoules (EJ) in the 
United States, 3.4 EJ in Japan, and 2.0 EJ in West Germany. 
Put differently, primary energy use in 1987 would have been 
26% higher in the United States. ifintensities had not declined, 
23% higher in Japan, and 21% higher in West Germany. 
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Improving Appliance Efficiency 
in Indonesia 

L. Schipper and S. Meyers 

We studied the patterns of household electricity use in 
urban Java, Indonesia, based on results from a 1988 World 
Bank survey of 2700 households, as well as the market for and 
characteristics of appliances currently sold in Indonesia. We 
estimated the degree of cost-effective improvement in appli­
ance energy efficiency that could be achieved, and its impact 
on future electricity demand. Finally, we studied the barriers 
to improvement of appliance efficiency and described vari­
ous policy approaches that the government could take in 
order to accelerate the adoption of higher-efficiency appli­
ances. While we focused our attention on Indonesia, many of 
the conclusions apply to other developing countries as well. 

To illustrate the potential impact of more efficient appli­
ances on residential electricity use, we developed a scenario 
of future demand in the year 2008. Our estimate of appliance 
saturation was based on the levels of saturation found in 
upper-income households in Java and in more advanced 
Asian developing countries. We then applied the assumed 
levels of saturation to the projected number of households in 
urban Java in 2008. To make a base case, we assumed no 
change in the unit electricity consumption (UEC) of any 
appliance. We then estimated the reductions in unit con­
sumption that could occur by comparing the UEC of existing 
appliances in Indonesia with those in other countries, nota­
bly Japan, West Germany, and the United States, and by 
examining various technical and economic studies of conser­
vation potentials for home appliances (Figure). 
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The "best 1988" scenario assumes that the average appli­
ance in 2008 incorporates the technology used in the most 
efficient appliances available today in the market of industri­
alized countries. In some cases, such technology is present in 
the top-of-the-line imported models sold in Indonesia. In this 
scenario, the percentage reduction relative to the UEC in 1988 
is in the 20-30% range for most appliances. 

The "advanced" technology scenario assumes that the 
average appliance in 2008 incorporates technology that is 
beginning to be adopted, or could soon be adopted, by 
manufacturers in the market industrialized countries. In this 
scenario, the percentage reduction relative to the UEC in 1988 
is in the 30-50% range for most appliances (and 60% for 
refrigerators and air conditioners). 

Compared to the consumption that would be obtained if 
the average UECs in 2008 were the same as those of today, 
which is 26.0 TWh, the results show a savings of 8.0 TWh in 
2008 for the "best 1988" scenario, and 13.7 TWh for the 
"advanced" technology scenario. To put these numbers in 
perspective, actual residential electricity consumption for all 
of Java in 1987 was about 4.8 TWh. 

Growth in the number of households with electricity 
and in the number of appliances they own will have a 
significant impact on future electricity demand in Java and in 
most other parts of the developing world. Improved technol­
ogy could reduce energy requirements for these appliances 
and thus restrain the growth in future electricity demand 
significantly. During the 1991 fiscal year, we will examine 
more closely this prospect, extending our Indonesian study 
to other countries in Southeast Asia. 
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Figure. Urban 
household electricity 
use in Java, Indonesia. 
Patterns in 1988 and 
three scenarios of 
future use. 
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Energy Efficiency and Household 
Electric Appliances in Developing 
Countries 

S. Meyers, S. Tyler, H. Geller, J. Sathaye, and 

L. Schipper 

Residential electricity demand is growing at a rapid rate 
in many developing countries, contributing to financial prob­
lems for electric utilities as well as to negative environmental 
impacts of electricity generation. Major reasons for the 
growth are rapid increases in appliance ownership and the 
relative inefficiency of appliances sold in developing coun­
tries. 

The purposes of this project are to assess the extent of 
growth in appliance ownership, to gain a better understand­
ing of the characteristics and energy efficiency of appliances, 
to assess the potential for and barriers to improved appliance 
energy efficiency, and to consider strategies for realizing 
higher energy efficiency in new appliances. We gathered and 
analyzed information on appliances in a number of coun­
tries, including Brazil, Egypt, Indonesia, South Korea, Tai­
wan, and Thailand. 

We found that saturation of several major appliances 
such as television sets and refrigerators has already grown 
significantly in upper-income developing countries, and is 
currently growing fast in many middle-income countries. 
The size of the typical new refrigerator is small (150-250 liters) 
compared to new refrigerators in Europe and Japan (300-400 
liters). 

Most major appliances are assembled by local compa­
nies operating in collaboration with companies based in 
Japan, Europe, or the United States. Designs typically used in 
developing countries are well behind the state-of-the-art, 
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since companies are very keen to keep appliances affordable 
to consumers in developing countries. 

The energy efficiency of new appliances is difficult to 
assess due to lack of uniform testing procedures, but it seems 
that efficiency has improved in at least some countries. In 
South Korea, which exports large numbers of appliances, 
data from manufacturers show considerable improvement in 
energy efficiency since 1980 for refrigerators, room air condi­
tioners, and television sets (Figure). In Brazil, where a testing 
and labeling program for new refrigerators was initiated in 
1986, the average test energy use of the most common one­
door size declined from 490 to 435 kWh/ yr between 1986 and 
1989; the most efficient Brazilian model in 1989 used only 335 
kWh/yr. 

There appears to be a considerable potential to introduce 
design changes in major appliances that save electricity at 
much lower additional cost than it costs utilities to provide 
electricity to residential customers. For refrigerators, increas­
ing insulation thickness and use of higher-efficiency com­
pressors are among the options that are likely to be cost­
effective. For air conditioners, use of rotary compressors, 
larger heat exchangers, and more efficient motors could 
reduce electricity consumption by at least 20-40% in many 
cases. In Brazil, analysis of the costs and energy-savings 
benefits of a variety of design changes that could be imple­
mented by local manufacturers found an average cost of 
conserved electricity of about $0.03/kWh, well below the 
marginal cost of supply to residential customers of $0.12/ 
kWh. 

Despite the economic attractiveness of improving appli­
ance efficiency, implementation of cost-effective design 
changes is likely to be slow due to lack of consumer knowl­
edge about and interest in energy efficiency and the reluc­
tance of manufacturers to introduce changes that would 
increase the cost of appliances intended for the mass market. 
Given the severe problems of the public power sector in 
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Figure. Energy use of new 
Korean appliances. 
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many countries, government involvement is likely to be 
necessary to accelerate the market's adoption of design 
changes. Such involvement could range from minimum effi­
ciency standards to agreements with manufacturers to im­
prove energy efficiency. The latter approach is currently 
being implemented in Brazil for refrigerators. Gaining a 
better understanding of current levels of appliance energy 
efficiency through testing programs is important to develop 
and implement strategies to improve appliance efficiency. 
The industrialized countries also have an important role to 
play, since many appliance manufacturers in developing 
countries seek to expand exports to those countries. Design 
changes made in order to meet standards in the industrial­
ized countries in turn affect the designs used in appliances 

Oil Use in the Developing Countries: 
Statistical Analysis and Long-Term 
Scenarios 

J. Sathaye, S. Stoft, W. Setiawan, and L. Lee 

From a small base, energy demand in the developing 
countries is gro.wing rapidly. As the economies of these 
countries develop, the demand for energy, particularly for 
oil, will increase. Economic development is accompanied by 
large changes in the structure of energy use in these coun­
tries. The changes in economic structure, demography, and 
location of households will alter the elasticity of energy use. 
The use of constant elasticity models is likely to provide 
incorrect projections of future energy use. 

During the 1989 fiscal year, we estimated variable elas-

* Countries studied: Argentina, Brazil, India, Indonesia, Malaysia, 
Mexico, Pakistan, the Philippines, South Korea, Taiwan, and Ven­
ezuela. 
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intended for the domestic market. 
During the 1991 fiscal year, we intend to continue inves­

tigating issues concerning appliance energy efficiency in 
developing countries. We are undertaking a study of appli­
ance efficiency prospects in Southeast Asia, with a particular 
emphasis on involving international appliance manufactur­
ers. 
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ticity of energy demand for transportation energy in eleven 
developing countries from 1970 through 1988.* Demand for 
various fuel types within the transportation sector was also 
estimated. 

Per capita demand for transportation energy was mod­
eled as a function of income, price, and an unspecified 
country-specific factor. The country-specific factor is multi­
plicative and varies by more than a factor of two between 
India (which has the highest factor) and South Korea and 
Indonesia (which have the lowest factors). These factors 
itended to remain fairly constant throughout the time period 
lbf our study, indicating that they can be used in long-range 
forecasts. 

In modeling the elasticity of energy demand, we found 
that the poorer countries are generally more elastic with 
respect to both income and price. In very poor countries, 
short-run income elasticity is as high as 0.6 and long-run as 
high as 1.8. The elasticity with respect to price was found to 
have less than half the magnitude of the income elasticity. 
Both elasticities were found to drop dramatically as income 
increased, but we do not yet have sufficient data to estimate 
the elasticities of the wealthiest developing countries in our 
sample (Figure). 

7.029 

Figure. Short-run elasticities of transport 
fuels for twelve developing countries. 
Purchasing-Power Parity (PPP) is a special 
conversion factor designed to equalize 
purchasing powers of various countries' 
currencies. PPP is defined as the number 
of units of a country's currency required to 
buy the same amounts of goods and 
services in the domestic market as one 
dollar would buy in the United States. 
(w.r.t. Y = with respect to income; 
w.r.t. P =with respect to price.) 
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During the 1990 fiscal year, we have extended this model, 
developed for the transportation sector, to cover all oil and 
energy use in these countries. We have also investigated the 
changes in results from the addition of lower-income indus­
trialized countries to the earlier analysis. The results for 
overall oil and energy use are consistent with those for the 
transport sector. The addition of the industrialized countries 
did not alter the results for either the transport analysis or for 
the overall oil and energy use analysis. 

Urban Energy Use: Saturation and Fuel 
Transition in the Developing Countries 

J. Sathaye and 5. Tyler 

This project has investigated the transition in household 
fuel use in cities of the developing countries from traditional 
biomass fuels to fossil fuels and electricity. Household en­
ergy consumption in several cities was surveyed by each of 
five research teams at institutes in Hong Kong, India, China, 

Table. Fuel and Electricity consumption per capita 
(GJ /year I capita) 

Household Income Level 

City Low 

Beijing* 
Useful Fuel 1.5 
Delivered Fuel 4.1 
Electricity 0.5 

Hong Kong 
Useful Fuel 
Delivered Fuel 
Electricity 2.4 

Nanning 
Useful Fuel 1.5 
Delivered Fuel 7.2 
Electricity 0.3 

Pune 
Useful Fuel 0.7 
Delivered Fuel 
Electricity 

Thailandt 
Useful Fuel 
Delivered Fuel 
Electricity 

*Excludes space heating. 

2.1 
0.3 

0.7 
2.7 
1.5 

Medium High Average 

1.4 1.2 1.4 
3.9 2.9 3.7 
0.5 0.5 0.5 

0.7 0.7 0.7 
1.6 1.6 1.6 
2.3 2.5 2.4 

1.5 1.4 1.4 
7.0 5.9 7.0 
0.4 0.4 0.4 

0.9 1.0 0.9 
2.4 2.5 2.3 
0.8 1.6 0.8 

0.8 1.1 0.8 
2.4 2.9 2.6 
2.2 3.6 2.4 

tWeighted Average Values for Bangkok, Chieng Mai, and Ayuthaya. 
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the Philippines, and Thailand. The objective of the research is 
to relate patterns of fuel use to differences in household 
characteristics such as income, size, location, and access to 
fuels. In addition, a limited sample of indoor and outdoor air 
quality measurements will help show the relative exposures 
of different types of households to airborne combustion 
products. 

Most of the activities were sponsored by the Interna­
tional Development Research Center in Ottawa, Canada. 
LBL has been responsible for project development, provision 
of technical advice and support to the Asia-based research 
teams, and overall project coordination. LBL organized three 

workshops in Asia as part of the project and con­
ducted cross-national comparative analysis of sur­
vey findings as they became available. The com­
parative analysis shows that because of the diffi­
culty in easily relighting coal stoves, Chinese 
households tend to leave them burning (at a low 
rate) and therefore consume more energy for cooking 
than those in other Asian cities (Table). On the other 
hand, because of low ampere wiring, Chinese 
households use far less electricity than their coun­
terparts despite their high ownership of refrigera­
tors, TV sets, and clothes washers. The use of bio­
mass fuels for cooking, except for the use of charcoal 
in Thailand, has virtually disappeared in the sur­
veyed cities. Household fuel choice is dictated more 
by women's income and time available for cooking 
than other variables. 

The rapidly growing ownership of appliances 
suggests that more attention is needed to improve 
the efficiency of household appliances, but in order 
to achieve it, test labs for establishing energy perfor­
mance of appliances are essential. 

The survey findings also included data on trans­
port, air pollution, and appliance electricity con­
sumption. These results will be reported next year. 
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Long-Term Energy Scenarios for the 
Developing Countries 

f. Sathaye, A. Ketoff, and N. Goldman 

This project is intended to construct long-term energy 
scenarios for developing countries. These scenarios will help 
estimate the emissions of greenhouse gases and the trend 
toward global climate change. The scenarios will also pro­
vide a context in which to implement the most effective 
energy strategies for reducing C02 emissions. 

Table. Carbon dioxide emissions by country 
(Million tons of carbon) 

City 1985 

The first phase of the project began in FY88 and focused 
on an end-use approach to developing long-term energy 
demand scenarios for the developing countries. 

China 480 
India 115 
Mexico 75* 
CCC Countries 60 
Brazil 45 
Korea 45 
Indonesia 25 
Venezuela 25t 
Argentina 20 
Nigeria 10 
Ghana 1 
Sierra Leone 

The second phase of the project was initiated in early 
FY89, expanding the efforts to establish a network of analysts 
from institutions in several of the largest energy-consuming 
developing countries to develop scenarios of long-term en­
ergy use for each country in order to project greenhouse gas 
emissions. A paper which summarizes the scenarios of C0

2 

emissions was published this year. The paper concludes that 
greenhouse gas emissions from the developing countries will 
grow several-fold in the future and efforts to reduce emissions 
will only reduce the growth rate (Table). Reducing energy 
intensity will be the best option for reducing the growth rate 
of emissions while the opportunity for fuel-switching is 
limited. 

Total 900 

In addition, country-specific reports on long-term en­
ergy scenarios were published. These highlight the contribu­
tion of energy use to carbon emissions from each country. 
Surprisingly, the share of emissions from the Gulf Coopera­
tion Council (GCC) countries is large and their growth out­
strips that of the other countries. 

A third phase of the project was initiated this year. This 
will focus on the barriers to improving energy efficiency and 
on the cost of reducing the growth of carbon emissions in 
India, China, Mexico, and Brazil. 
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Residential Energy Use and 
Conservation in Venezuela 

A. Ketoff, 0. Masera, and M.f. Figueroa 

We are conducting a study in Venezuela on residential 
energy use and conservation. The project consists of a survey 
and an analysis of household energy use in Venezuelan cities 
covering almost 50% of the country's urban population. The 
goal is to provide appropriate recommendations for energy 
conservation and fuel-switching programs that will reduce 
household energy demand and increase the residential gas 
market share in the country (Figure). 

Results of the surveys show that basic usages of electricity, 
lighting, televi~ion, and refrigeration are diffused in almost 
all households ·and that clothes washers are found in more 
than 75% of urban dwellings. (Air-conditioning is diffused 
only in few hot climate cities.) Hot water, on the other hand, 
is available in less than 50% of the dwellings and appears to 
be a potential market for natural gas. However, the use of 
electricity for water heating is rapidly diffusing as a result of 
low electricity prices and the limited extension of the natural 
gas grid. Less than 2% of the households surveyed are using 
gas water heaters. 

Other results indicate that the intensity, i.e., unit con­
sumption, of energy use for refrigeration and hot water is 
high compared to consumption in other cities of the develop­
ing countries (e.g., Brazil and Indonesia), and is even higher 
than in several European countries. This appears to be a 
consequence of the quality and size of the appliances avail­
able in the country, mostly oversized devices of old, obsolete 
design. 

GAS (59%) 
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This study examines viable policy options for increasing 
the market penetration of natural gas and improving the 
efficiency of appliances. To maximize the return of the gas 
grid investment, the national gas utility must increase the 
acceptability of gas as a fuel for cooking and heating water in 
higher income homes. Policy action directed toward appli­
ance manufacturers, on the other hand, appears to be the best 
way to increase appliance efficiency. At the same time, subtle 
action is necessary to promote efficiency as a "status symbol." 

The extremely low prices of energy in Venezuela appear 
to be the major obstacle to an effective energy conservation 
policy in that nation. Although there are long-term plans to 
increase the prices for electricity and gas, energy prices in 
Venezuela are still among the lowest in the world. A program 
of rebates for efficient energy-using appliances might be 
necessary to encourage successful diffusion in an environ­
ment of low energy prices. 
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ELECTRICITY (41%) 

Refrigeration 16% 

Water Heating 3% 

Figure. Energy 
consumption by 
end-use in 
Caracas, 1988. 

Cooklng(Nat.Gas) 21% 

Air Condl tloning 1% 
Washers & Dryers 5% 

Cooking(Eiectrlc) 2% 

TOTAL 28 PJ 
(30.5 GJ/household) 
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Tropical Forestry and Global Climate 
Change 

W. Makundi, f. Sathaye, and A. Ketoff 

In the course of an investigation of greenhouse gas 
emissions from energy use in the developing countries, it 
became clear that, in many tropical countries, the emissions 
from the forestry sector may eclipse those from fossil fuel use. 
Examination of results of various studies revealed that esti­
mates of emissions from deforestation were very imprecise 
due to uncertainties associated with the constituent variables 
such as the rate of deforestation, carbon stocks, and the 
dynamics ofthe release process. In an attempt to improve the 
estimates of emissions and sequestration, an international 
network of scientists from those countries undergoing the 
most deforestation was organized in 1990, with the initial 
participation of Brazil, Mexico, Indonesia, China, Thailand, 
India, and Nigeria. 

The Tropical Forestry and Global Climate Change Net­
work provides a collaborative structure for estimating C02 

emissions and sequestration across the tropical forests, using 
a common methodological and analytical framework. To this 
end, we developed a spreadsheet-based model that is being 
used by the members in their respective countries (Figure). 
We have organized a workshop for mid-1991 that will bring 
together all the researchers to: 

• complete the estimates for each country; 
• undertake a biome-wide aggregation; 

Stored Carbon-C. 
•Biomass 

•Soil 
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•identify those variables of critical uncertainty and 
examine ways to improve our knowledge of 
them; 

• analyze the emission and sequestration implications 
of various forest management policies and the 
possible impact on global climate change; 

• search for optimal policies that will incorporate the 
greenhouse gas issue within the countries' objec­
tive of sustainable socioeconomic development. 

Future plans include adding other tropical countries to 
the network, obtaining more reliable data for the critical 
variables, integrating the forestry sector emissions I seques­
tration with other anthropogenic sources and greenhouse 
gas sinks, and evaluating the forestry sector's net contribu­
tion to global climate change and its feedback effects on that 
sector and on the general economy. 
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Figure. Copath: a 
model to estimate 
current and future 
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Electricity Consumption and Structural 
Change in the Manufacturing Sector in 
Developing Countries 

5. Meyers, 5. Tyler, and C. Campbell 

Manufacturing accounts for 50-60% of total electricity 
consumption in most developing countries. As these coun­
tries have expanded and modernized their manufacturing 
sectors, growth in electricity use has been rapid. The purpose 
of this project was to gain a better understanding of the forces 
causing change in manufacturing electricity use in developing 
countries. We collected and analyzed data on historic trends 
in electricity consumption and economic output in manu­
facturing industry for nine countries with relatively large 
industrial sectors. In each case, we sought to examine the role 
of change in the composition of manufacturing output and 
change in electricity intensity (electricity use per unit of 
value-added) of particular industries. While lack of data 
limited the depth of our analysis, a number of findings were 
made. 

Between 1975 and the late 1980s, there were large in­
creases in aggregate manufacturing electricity intensity in 
Thailand, Brazil, Argentina, Mexico, and Venezuela, large 
decreases in Taiwan and China, and little net change in South 
Korea and India. The evidence suggests that the effect of 
change in the composition of manufacturing output on ag­
gregate electricity intensity was less important than the effect 
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of change in intensities at the sub-sectoral level. In some 
cases, change in the share of specific industries within sub­
sectors affected electricity intensity. Development of elec­
tricity-intensive steel and aluminum industries contributed 
to increases in manufacturing electricity intensity in Brazil 
and Venezuela, as did substitution of electricity for oil in 
Brazil. The decreases in Taiwan and China were partly due to 
energy conservation efforts (Figure). 

Comparison of aggregate manufacturing electricity use 
per unit of value-added (converted to U.S. dollars) shows 
that intensity in the mid-1980s varied by more than a factor of 
two among six countries. China and India, both of which 
operate relatively old equipment in their industries, are at the 
top of the range, while South Korea and Taiwan, both of 
whom have relatively new equipment, are at the low end. 
With the exception of India, there is a clear correlation be­
tween electricity intensity and the average price of electricity 
to industry. Comparison of intensity among particular in­
dustrial sectors, which gives a better sense of the relative 
efficiency of countries, also shows a considerable range for 
most sectors. 
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Energy-Efficient Transportation in 
Brazil: Prospects and Barriers 

A. Ketoff 

In this study, we analyze the prospects for and barriers 
to long-term efficiency improvements in a developing coun­
try, taking Brazil as a case study. Brazil has, among develop­
ing countries, one of the highest levels of private car owner­
ship and also a well-developed car-manufacturing industry. 
Additionally, the country's fuel-switching policy, favoring 
the substitution of sugarcane alcohol for gasoline, makes it an 
interesting case to analyze in view of future prospects for 
energy efficiency. 

Several factors are contributing to the rapid growth of 
transport demand in Brazil, the key one being the increasing 
urbanization of the population. Large cities-twelve have 
more than one million people and two have more than ten 
million-require extensive public transport systems to guar­
antee personal mobility. Additionally, the growth of cities 
being faster than the development of infrastructures, freight 
is almost completely transported on wheels. 

To face the increasing transport energy demand and the 
increasing cost of oil imports, Brazil undertook in the late 
1970s a major program of fuel substitution. Gasoline was 
mixed with 22% ethanol for use in standard cars and hy­
drated alcohol was used in appropriately converted vehicles. 
By 1989, half of the energy used for cars was coming from 
alcohol which was a considerable success for the Proalcool 
program. More than 30% of the car fleet was running on 
alcohol, thanks to the rapid diffusion of a technology devel­
oped by local car manufacturers. As alcohol substituted for 
gasoline in the light vehicles fleet, diesel became the manda­
tory fuel for heavy trucks and buses, further reducing gaso­
line demand. 

thousand cars 

1973 1977 1981 
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While reducing gasoline imports, fuel substitution has 
acted, on the other hand, as a barrier to improvements in the 
fuel efficiency of the Brazilian vehicle fleet. The inconsistent 
quality of gasoline, varying in alcohol content from 5% to 
over 30% depending on the alcohol supply, has caused 
improper tuning of the majority of the car fleet. Conscious of 
the problems created by the low quality of fuels, car manufac­
turers produced larger engines and avoided introducing 
more efficient vehicles, as they would require fine tuning to 
operate properly. 

Among the barriers to vehicle efficiency, poor condi­
tions of roads and highways forced the manufacturers to 
reinforce chassis and suspensions, resulting in increased 
weight. On the other hand, an historical policy of import 
quotas has limited the introduction of technological innova­
tion in vehicles, particularly the tise of electronic injection. As 
a result, Brazilian cars are heavier and less powerful than 
their sister European models. According to two major local 
manufacturers, the additional cost for larger engines and 
stronger structures on "Brazilian versions" is around 25% of 
that of the original model, while the efficiency is around 20% 
lower. The best available Brazilian car has an average perfor­
manceof31 mpg, while the best model available in the United 
States reaches 45 mpg (52 mpg in Japan). 

Another limit to the efficiency improvement of Brazil's 
car fleet is the uneven distribution of income in the country. 
With more and more of its population falling under the 
poverty level (58% in 1990), Brazil has a shrinking market for 
new cars (Figure). Most buyers of new cars are upgrading to 
larger models. As a consequence, the average performance of 
new models, which improved by around 10% between 1983 
and 1987, has remained level since then. 

This study concludes that energy efficiency in vehicles 
will be considerably restrained if major structural reforms are 
not undertaken in the country. Some of the changes (e.g., 
regionalization of the alcohol fleet, opening up of technologi-

Figure. New car 
sales by purchaser 
type; first car vs. 
traded or second 
car. 

1985 1989 
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cal markets) might be relatively simple to pursue. Others 
(e.g., bringing fl~xibility into the refining system, improving 
road quality, developing alternative transport modes) might 
be very expensive for the country, but are still necessary for 
the overall development of its economy. 

Energy Analysis Program 
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[ Utility Planning and Policy- ] 
Integrated Resource Planning 

C.A. Goldman, J.H. Eta, F. Krause, J.F. Busch, 
M.D. Levine, and A.H. Rosenfeld 

During the past few years, the scope and nature of 
resource planning at electric utilities have changed dramati­
cally. Integrated resource planning (IRP) involves the cre­
ation of a planning process in which customer energy service 
needs are met in a cost-efficient manner through consider­
ation of a variety of demand and supply options. In this new 
planning paradigm, energy efficiency and load management 
are explicitly considered as alternatives to power plants, 
environmental factors as well as direct economic costs are 
considered, public participation is encouraged, and the un­
certainties and risks posed by different resource portfolios 
and external factors are analyzed. Key IRP issues facing 
utilities and public utilities commissions (PUCs) include: 

• Providing financial incentives to utilities for success-
ful implementation of IRPs; 

• Incorporating environmental factors in IRPs; 
• Bidding for demand and supply options; 
• Treating demand-side management (DSM) programs 

as capacity and energy resources; 
• Developing guidelines for preparation and review of 

utility resource plans. . 

We will discuss several of these topics in more detail. 
Current rate-of-return regulation as practiced in most states 
rewards utilities for short-term sales and discourages opti­
mal use of DSM options. PUCs and utilities have developed 
various approaches to overcome these disincentives to DSM 
investments. For example, at least nine states allow DSM 
investments to be included in the rate base. Several states 
adjust for DSM-induced revenue losses or effectively 
decouple utility profits from sales variation. Recently, 
PUCs in a number of states have approved various types of 
bonus incentives that reward utility shareholders for exem­
plary delivery of DSM services, including increased rate of 
return, bounty, and shared savings. With incentives, utility 
earnings often depend on the savings from DSM programs, 
and thus program evaluation assumes increased importance. 

The Table lists the major approaches used to incorporate 
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environmental externalities in utility resource planning and 
selection and in system operation. About one-third of the 
nation's PUCs have adopted explicit procedures for consid­
ering environmental externalities in resource planning. Two 
general approaches have been used to monetize environ­
mental externalities: direct assessment and valuation of ac­
tual environmental damages imposed on society by different 
generating technologies, and "implied valuation" which re­
lies on the cost of control (or mitigation) of pollutants to 
estimate the value of pollution reduction. "Set asides" for 
specified technologies in resource selection processes and 
limits on emission levels or targets for quantities of pollutants 
(e.g., lower and maintain C02 emissions at 1985levels) have 
also been proposed as a reasonable response given the uncer­
tainties associated with the monetization of externalities. 
Under "full-cost" dispatch, a utility would include both 
direct costs (fuel and variable operations and maintenance) 
as well as monetized environmental externality costs in their 
operational dispatch of existing generation facilities. 

DSM programs are likely to account for an increasing 
share of total electric utility energy and capacity options. 
Utilities in New England, New York, Wisconsin, 
California,and the Pacific Northwest are rapidly expanding 
their DSM programs, with budgets expected to double or 
triple within a few years. Additional data are needed in three 
areas to improve DSM resource planning: baseline data on 
the efficiency and utilization patterns of end-use systems in 
the existing stock of equipment and buildings, data on the 
costs and performance of energy efficiency and load manage­
ment technologies, and data on customer participation in, 
and costs of, different types of utility DSM programs. 

Future projects will focus on the following areas: IRPs 
for gas utilities, evaluation of integrated bidding systems and 
incentive mechanisms that reward utility shareholders for 
exemplary DSM programs, transmission issues in IRP, utility 
and regional case studies that assess alternative methods of 
incorporating environmental externalities into the resource 
planning process, comparative assessment of utility DSM 
program experience, transferability of end-use load shape 
data, and training courses on key IRP issues for PUC staff. 
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Table. Alternative approaches to incorporating environmental externalities. 

Characterize and describe 
environmental effects 

Ranking and weighting 
Monetization: 

Implied valuation (cost of control) 
Direct assessment and 

valuation of damages 
Resource set-asides 
Full-cost dispatch 
Emission quantity targets 

Auctions for Dispatchable Power 

E. Kahn, S. Stoft, C. Marnay, and D. Berman 

The independent power industry is expanding and ma­
turing in a number of dimensions. More utilities are acquir­
ing private power resources through competitive bidding 
and the nature of the projects is becoming more diverse. In 
FY90 we examined developments in this market by survey­
ing competitive auctions for power contracts and analyzing 
the economics of dispatchable projects. 

Dispatchability is a new feature of the private power 
market. Under the Public Utilities Regulatory Policy Act 
(PURPA), utilities are obligated to purchase output from 
private suppliers at all times. The PURP A obligat~o~ lin:its 
the operational flexibility of utilities. The competitive bid­
ding mechanism allows utilities to purchase power under 
long-term contracts that specify more flexible operating pro­
cedures. The generic name for this operating flexibility is 
dispatchability; meaning that the utility can dispatch these 
resources in a manner similar to the way they utilize their 
own generators. In a competitive bidding framework utili­
ties can purchase baseload, intermediate, or peaking facilities 
as their systems require. 

Our survey of competitive bidding solicitations and the 
resulting contracts shows a wide variety of dispatchability 
features. There are frequently limits on the operational flex­
ibility being offered and purchased. There are also a number 
of technical issues that arise in evaluating projects which 
offer dispatchability of different kinds. 

One important problem involves the use of the "percent­
age of avoided cost" method to evaluate dispatchable bi~s. 
This method is really a vestige of PURP A rules under which 
all projects were essentially baseload producers. When 
projects are dispatched, i.e., operate optimally for different 
periods of time, then the percentage of avoided cost rule does 

Resource 
planning 

Acquisition 
and selection 

System 
operation 
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not identify the best bids. Even in sophisticated bid evalua­
tion systems which associate different avoided costs with 
dispatchable bids that operate optimally for different periods 
of time, the percentage rule is biased. We show that the bias 
works systematically against baseload bids. 

Many of the operating restrictions that appear in con­
tracts for dispatchable power require complex computer 
simulation models in order to evaluate them. The most 
significant of the restrictions that we identified involved the 
minimum operating level of the project. All generators oper­
ate over a range of output from some minimum level of 
capacity up to their maximum rating. These minima are 
typically in the range of 25% to 40% of maximum capacity. 
Several private power contracts, however, specify minimum 
operating levels of 80%. We found that long-range planning 
models are unable to identify costs associated with these high 
minimum operating levels, but that detailed models do find 
such costs. For representative cases, such high minimum 
operating loads add about 10% to the cost of intermediate 
load gas-fired projects, and about 5% to the cost of baseload 
coal projects. These differences are within the range that 
determines winners and losers in competitive bidding. 

Other subjects reviewed in our FY90 work include the 
role of security deposits in private power contracts and R&D 
issues associated with dispatchability. In the 1991 fiscal year, 
we will examine how various economic risks are allocated in 
independent power contracts and the use of existing power 
plant sites to meet new electricity demand. 
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Incentives for Utility Demand-Side 
Management 

J. Eto, C. Marnay, D. Schultz,* and 
G.A. Comnes* 

Under traditional utility ratemaking practice, selling 
more energy increases profits, while selling less energy de­
creases them. This practice represents a major institutional 
barrier to utility acquisition of demand-side resources, which 
can often produce energy services less expensively than 
supply-side resources. The National Association of Regula­
tory Utility Commissioners now formally recognizes this 
inherent bias in utility regulation and has begun actively 
promoting regulatory alternatives to stimulate utility partici­
pation in demand-side resource markets. In FY90, we exam­
ined two particularly promising alternatives to traditional 
ratemaking practices. 

The California Electricity Revenue Adjustment Mecha­
nism or ERAM (adopted in 1982) is a balancing account that 
holds utility revenues fixed at pre-determined levels, inde­
pendent of actual sales. Increased sales cannot increase 
profits, just as decreased sales (one likely effect of successful 
utility demand-side management programs) cannot reduce 
them. Differences between revenue forecasts and actual 
collections are either recovered from or returned to the 
ratepayers in the next forecast cycle. The accounting proce­
dures are straightforward and we illustrate them with nu­
merical examples taken from recent California utility expe­
rience in Marnay and Comnes (1990). 

The effect of ERAM is to remove the anti-conservation 
bias inherent in traditional ratemaking for California utili­
ties. However, ERAM also insulates utility revenues from 
other fluctuations in sales that are not related to conservation, 
which means that ERAM may confound other regulatory 
policy objectives, such as encouraging utilities to negotiate 
rates with large customers that are favorable to other 
ratepayers. 

While ERAM removes the disincentive to utility partici­
pation in demand-side markets, it provides no positive in­
centive. That is, ERAM only means that utility earnings will 
be made indifferent to fluctuations in sales (some of which 
may be due to utility demand-side activities). In California, 
utility spending on demand-side activities, after years of 
continuous growth from the late 1970s, began to decline in 
the mid- to late 1980s. These declines led to concerns by 
California's regulators and environmental groups that Cali­
fornia was losing its national lead in demand-side manage­
ment activities. 

In 1989, California's largest utilities took part in a unique 
set of collaborative discussions with representatives from 
their regulators, major customer groups, and environmental­
ists designed to re-kindle utility interest in demand-side 
activities. What emerged was proposals by California utili-

*The Division of Rate-Payer Advocates, California Public Utilities 
Commission, San Francisco, CA. 
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ties to increase their demand-side management efforts dra­
matically, in return for favorable regulatory treatment. In 
particular, the utilities proposed that they be permitted to 
earn profits on these activities in excess of those set by their 
allowed rate-of-returns and guaranteed by ERAM. The 
Pacific Gas and Electric Company and the San Diego Gas and 
Electric Company proposed that the profits be based on a 
formula to share the savings from the utilities' demand-side 
management activities. 

The basis for shared-savings incentives is that utility­
acquired demand-side resources cost less than those that are 
avoided on the supply-side. As a result, the difference 
between the benefit provided by the avoided supply-side 
resources and the cost of the demand-side resource can be 
"shared" between utility ratepayers and shareholders. The 
issues discussed in the collaboratiye process meetings, which 
form the basis of our report (Schultz and Eto, 1990), included 
how the savings should be measured (engineering estimates 
versus post-program analyses), which costs should be in­
cluded (those borne by the participant and the utility or just 
those borne by the utility), how should the benefits be recov­
ered (whether or not they should be front-loaded), and 
finally, what should be the penalties for non-performance 
(how big and how triggered). 

As other states develop regulatory mechanisms to stimu­
late utility participation in demand-side markets, we believe 
they will benefit from the lessons learned by California with 
ERAM and shared-savings incentives. 
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Integrating Environmental 
Externalities in Utility 
Resource Planning 

F. Krause, J.F. Busch, 5. Cohen, J.H. Eta, C.A. 
Goldman, and J. Koomey 

A number of state public utility commissions in the 
United States have begun to implement or consider mon­
etary adders (charges) for air emissions and other environ­
mental impacts from power plants. These environmental 
externality adders would be charged for emissions notal­
ready avoided by current emission standards. They are to 
give utilities an incentive to reduce emissions beyond current 
requirements, including, in some cases, currently unregu­
lated emissions such as carbon dioxide (monetized adder 
approach). Alternatively, states could set emission caps or 
reduction targets similar to those implemented in recent 
clean air legislation and emission rights could be traded 
under such caps or targets (quantity constraints or target­
based approach). LBL' s externality research projects are part 
of DOE's Integrated Resource Planning program. The prin­
cipal objectives of current research are: 

• To assess the impact of externality incorporation on 
electricity bills and rates; 

• To compare target-based approaches with monetized 
approaches in terms of their relative impacts on 
electricity costs and their effectiveness in bringing 
about emission reductions; 

• To compare monetized adder approaches when ap­
plied to new power plants. 

• To assess the impact on electricity costs of reducing 
carbon dioxide emissions in the utility sector. 

So far, two preliminary reports have been completed: 
• A survey of current efforts by state regulatory utility 

commissions to incorporate environmental exter­
nalities into resource selection and utility plan­
ning. 

• A quantitative comparison of nine proposed or cur­
rently applied valuation systems for calculating 
the externality cost of air emissions. 

The survey of state public utility commissions showed 
that only a small number have implemented externality cost 
adjustments so far. All existing regulations apply such 
adjustmentsatthemargin,i.e.,tonewpowerplantsonly. The 
comparison of current and proposed valuations showed 
significant differences in how emissions are or would be 
valued. Also, the adders would have significantly greater 
impacts on existing plants than on new plants with the best 
control technologies. 

The core analysis on incorporation mechanisms and cost 
impacts is still ongoing. In this study, the target-based and 
the monetized adder approach are compared using the New 
England Power Pool (NEPOOL) as a case study. Specifically, 
the project examines how the recently enacted Massachusetts 
adder system would impact NEPOOL emissions and elec-
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tricity costs if extended to the entire six-state NEPOOL re­
gion. 

Production cost modeling of the power system over a 20-
year period is used to determine the impacts of these adders 
on ratepayer bills, as well as the likely reductions in acid rain 
and carbon dioxide emissions that would result. These cost 
and emission impacts are then compared to a target-based 
policy in which a 20% reduction of carbon dioxide emissions 
is implemented without adders using established least-cost 
planning procedures. From there, a range of adders for C02 

is determined that would be sufficient to mobilize the re­
sources needed to achieve the carbon dioxide reduction goal. 

Findings to date suggest that a 20% reduction in carbon 
dioxide emissions relative to 1990 levels could be technically 
achieved based on currently available technologies and de­
mand-side and supply-side resources with low-carbon bur­
dens. Demand-side management programs could be in­
creased substantially to reduce load growth. On the supply 
side, biomass, wind, gas-fired cogeneration plants, gas-fired 
central stations, and other resources could reduce carbon 
dioxide emissions per kWh produced. 

The project is scheduled to be completed by June, 1991. 
Follow-up sensitivity analyses will be undertaken in a sepa­
rate project. 
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Demand-Side Bidding: 
Assessing Current Experience 

C.A. Goldman and f.F. Busch 

Utilities in Maine, New York, New Jersey, Washington, 
and Indiana are currently implementing "all-source" bid­
ding processes, which include both supply-side and de­
mand -side management (DSM) options, often atthe behest of 
regulatory commissions. A defining feature of DSM bidding 
programs is that they involve customers or third-party en­
ergy service companies (ESCOs) or customers competing for 
long-term contracts with utilities which specify amounts of 
DSM savings to be achieved by a winning participant over a 
defined time period. 

The Table summarizes results from programs in which 
there are either signed contracts from the solicitation or the 
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final award group has been announced. We also show the 
capacity need (in MW) requested by the utility in its Requests 
for Proposal (RFP) and the number of projects and MWs 
initially offered by supply and DSM bidders. We grouped 
these programs into three broad categories based on the type 
of solicitation and origin of program: an "all-source" inte­
grated solicitation that includes both supply and demand 
resources, separate RFPs for demand-side options, and per­
formance contracting programs which involve ESCOs. 

Central Maine Power (CMP) was the first utility to 
implement an all-sources bidding process with its Power 
Partners program. Proposed DSM projects must have a 
simple payback time of greater than one year and pass a cost­
effectiveness test equivalent to the "all-ratepayers" (or total 
resource cost) test. Solicitations issued by three New Jersey 
utilities-Orange & Rockland Utilities (ORU), Jersey Central 
Power & Light (JCP&L), and Public Service Electric & Gas 
(PSE&G)-were strongly influenced by a settlement agree-

Table. Supply- and Demand-Sid~ Management (DSM) resources in utility bidding programs. 

Supply Projects DSM Projects 
No. of DSM Bids 

Winning Winning Program 
Amount Proposed Bids Proposed Bids Proposed Goal 

Utility Requested (MW) (MW) (MW) (MW) (MW) Winning (MW) 

All-Source 
Bidding Programs 

Central Maine #1 100 666 0 35.6 16.6 13 6 -65-105 
Central Maine #2 150-300 2338 50 30.4 9.2 9 2 -65-105 
ORU 200 1395 181 29 17.5 15 11 -76 
JCP&L 270 712 235 56 26 8 4 -200 
PSE&G 200 654 210 46.7 46.7 9 9 -360 
PugetPower 100 1251 127 28 10 8 5 -100 
PSI 550 1800 640 78.5 10 9 2 -5 
NiMo 350 7115 405 162.5 36 33 7 -50 
ConEd 200 2976 204 11.9 10.5 4 3 -50 

Separate 
Auctions 

Long Island Light 15-20 23 10 11 3 -50 

Performance 
Contracting 

New England: DSM 13.6 4 3 -326 
Elect. System: Supply 200 4729 204 

Boston: DSM 35 13 -170 
Edison: Supply 200 2800 200 
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ment negotiated by various interested parties, which pro­
scribes a set of procedures for the state's electric utilities to 
use in purchasing energy and capacity from independent 
power producers and conservation providers. In June 1989, 
Puget Power issued an RFP seeking 100 MW of electricity 
from DSM and generation resources by 1993. Puget Power 
limited its DSM solicitation to commercial and industrial 
customers. As part of an all-sources integrated resource 
bidding program, Public Service of Indiana (PSI) issued a 
Request for Expressions of Interest to customers and third 
parties interested in proposing DSM projects that would shift 
demand to off-peak, reduce coincident electricity demand, 
and conserve energy during peak times. PSI has structured 
its bidding program so that it maximizes the utility's flexibility 
in selecting third party firms with whom it wants to develop 
a long-term partnership. The seven investor-owned utilities 
in New York are at different stages of implementing pilot 
bidding programs, based on an order issued by the New York 
Public Service Commission in June 1988. While the Com­
mission established some common features to be used in 
bidding systems of all utilities, the utilities were allowed 
some discretion and flexibility in designing their solicitations, 
so that a variety of approaches is being tested. 

Typically, there have been four to fifteen DSM bids 
submitted by ESCOs or individual customers, with one ex­
ception-Niagara Mohawk (NiMo). These demand-side 
bids typically represented about 20-25% of the utility's re­
quested resource need, ranging from a low of 6% for Consoli­
dated Edison (Con Ed) to a high of 46% for NiMo. Additional 
players appear to be entering the DSM bidding market as 
evidenced by the increasing number of firms that are bidding 
and the aggregate level of demand reductions offered in 
more recent solicitations. For example, NiMo received 33 
DSM bids that proposed 162 MW of demand reductions. 
However, ESCOs are also being more selective, as illustrated 
by the relatively small number of bids received by Con Ed, a 
comparably sized utility (only four bids which offered 12 
MW of demand reductions). Con Ed's threshold and eligibil­
ity requirements were much more stringent than those of 
most other utilities and this appears to have affected the 
response of potential DSM bidders. 

Thus far, ESCOs constitute the vast majority of bids; few 
individual customers are participating directly in these pro­
grams. There are some notable exceptions: CMP received 
five bids from customers in its December 1987 RFP and NiMo 
received three customer bids. However, most other utilities 
have gotten only one to two small bids from individual 
customers. 

Projects proposed by DSM bidders have a relatively 
strong likelihood of winning (20-1 00% in the nine" all-source" 
solicitations). While the response by conservation providers 
has been encouraging, it pales in comparison to the offers 
made by independent power producers. Typically, the num­
ber of MWs offered ranges from three to fifteen times the 
capacity requested by the utility. With the exception of CMP, 
utilities have generally selected one or more winning supply 
projects representing about 90-125% of the utility's original 
amount requested. Individual supply-side projects typically 
have only a 5-15% chance of being selected. 

In the last column of the Table, we show the utility's 
current estimate of the cumulative load reductions that will 
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occur from existing or planned conservation and load man­
agement programs by the mid-1990s (i.~., 1994-1995), which 
is the same time-frame that DSM bidders must achieve their 
savings targets in the current bidding programs. It is useful 
to compare the MW savings represented by the winning 
bidders with the overall DSM goals of the utility t? gain a 
perspective on the relative contribution of DSM pidding 
programs. The amount of DSM savings proposed by win­
ning bidders while significant (e.g., 9 to 47 MWs ove~a three­
to five-year period for the nine integrated biddihg pro­
grams), typically represents a relatively small part of a! utility's 
overall DSM program (10-15%). At Con Ed, however, DSM 
bidding accounts for only about 2% of the utility's e~pected 
DSM resource savings. We believe that the rath~r small 
contribution of DSM bidding programs to overall utility 
DSM goals is primarily attributable to four factors: 1) bidding 

• I 
programs are not appropnate for all market segments or 
program types (e.g., new construction); 2) utilit_ies il:re often 
skeptical and, in some cases, hostile towards DSM bidding; 3) 
the ESCO industry is still maturing, and 4) the fact that ESCOs 
are adopting a cautious approach given the risks associated 
with guaranteeing the savings and their limited experience 
with DSM bidding. The relative immaturity of the ESCO 
industry means that the quantities bid under DSM bidding 
programs will be relatively small and will not reflect the full 
market potential of DSM. 

Future work will focus on analyzing the costs and ben­
efits of DSM bidding programs, as more information be­
comes available on actual impacts. 

Reference 

GoldmanCA, Wolcott D. Demand-Side Bidding: Assessing 
Current Experience. In: Proceedings of the ACEEE 1990 
Summer Study on Energy Efficiency in Buildings, August 
26-September 1, 1990. Washington, DC: American 
Council for an Energy-Efficient Economy (Vol. 16, in 
press, 1990). 



Projects described in this report were supported by the following sources: 

• Assistant Secretary for Conservation and Renewable Energy, U.S. Department of Energy: 
Office of Buildings and Community Systems, Building Systems Division 
Office of Buildings Energy Research, Building Equipment Division 
Office of Building Energy Research, Building Systems and Materials Division 
Deputy Assistant Secretary for Building Technologies, Office of Codes and Standards 

• Deputy Assistant Secretary for Coal Technology, U.S. Department of Energy 

• Office of Policy, Planning and Analysis, Office of Environmental Analysis, U.S. Department of Energy 

• U.S. Environmental Protection Agency 
Office of Policy, Planning, and Evaluation 
Office of Policy Analysis, Division of Global Climate Change 

• U.S. Agency for International Development 

• Bonneville Power Administration 

• California Institute for Energy Efficiency 

• Gas Research Institute, Residential/Commercial Technology Analysis Division, under GRI Contract No. 
5086-800-1318 

• Electric Power Research Institute 

• University-wide Energy Resources Group of the University of California, Berkeley 

• Los Angeles Department of Water and Power 

• American Council for an Energy Efficient Economy 

• California Energy Commission 

• AB Volvo 

• Exxon USA 

• Nissan North America 

• Stockholm Environment Institute 

• World Bank 

• International Development Research Center, Ottawa, Canada 

• Venezuelan Ministry of Energy and Mines 

• PDVSA, the national Venezuelan oil company 

This support was provided through the U.S. Department of Energy under 
Contract No. DE-AC03-76SF00098. 



This document was prepared as an account of work sponsored by the United States 
Government. Neither the United States Government nor any agency thereof, nor The 

Regents of the University of California, nor any of their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for the accuracy, 

completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Refer­
ence therein to any specific commercial product, process, or service by its trade name, 

trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States Government or any 

agency thereof, or The Regents of the University of California. The views and opinions 
of authors expressed herein do not necessarily state or reflect those of the United States 

Government or any agency thereof or The Regents of the University of California and 
shall not be used for advertising or product endorsement purposes. 

Lawrence Berkeley Laboratory is an Equal Opportunity Employer 



Applied Science Division 
Lawrence Berkeley Laboratory 
University of California 
Berkeley, CA 94720 




