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doctorate from the University of Pittsburgh's Graduate School of Public and International
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joining NERA in 1989, for over a decade he was professor at Harvard's Kennedy School of
Government, where he taught courses in microeconomics, benefit-cost analysis, and energy and
environmental policy. While on leave from Harvard, he served as Director of the U.S. EPA's
Economic Analysis Division from 1983 to 1985, where he was responsible for EPA's research
program in environmental economics and for directing and reviewing major benefit-cost studies
for the Agency.
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energy/economic modeling; electric economics; international energy studies; energy policy

analysis
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Fulbright Scholarship, Technische Universitat, Berlin, Germany, 1966-67.
Ph.D. (Chemistry), University of California, Berkeley, 1968-72 (awarded in 1975).

Employment History
1978- : Lawrence Berkeley Laboratory, Berkeley, California

1986-Program Leader, responsibility for a Program of about 100 persons organized
into five groups performing research and analysis of building energy use, international
energy studies, energy policy, appliance standards, integrated utility planning; during
the past decade, designed and obtained funding for more than half of the research
within the Program.

As Group Leader, recently created a new group with three activities; (i) end-use
forecasting for the U.S.,(ii) energy studies in China (primarily related to energy
demand), and (iii) energy conservation policy for developing nations.

1983-1986 Deputy Program Leader and Group Leader
1981-1982 Acting Progran Leader and Group Leader
1979-1981 Principal Investigator
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1974-1978: SRI Intemational, Menlo Park, Califomia

Senior energy policy analyst responsible for obtaining research support and directing
research efforts related to energy policy. Project leadership included environmental
impacts of energy supply options (for the Environmental Protection Agency);
economic modeling of effects of energy and mineral resource shortages (for the
Advanced Research Projects Agency of the Department of Defense); economics and
market penetration of solar energy systems (for the Energy Research and Development
Administration); environmental policy issues of energy supply and demand in
California (for Lawrence Livermore Laboratory); policy options for dealing with
potential oil shortages in the U.S. (for the Congressional Cffice of Technology
Assessment); and evaluation of oil stockpile policies (for the Advanced Research
Projects Agency).

1972-1974: Ford Foundation Energy Policy Project, Washington, D.C.

Staff scientist responsible for environmental studies related to energy development,
including National Academy of Sciences study on reclamation potential of western
coal lands and American Public Health Association study of environment effects of
energy systems.

1971-72; 1975-76; Pant-time Teaching at UC Berkeley and Foothill College

Initiated and taught experimental course for 150 students at U.C. Berkeley (with 19
faculty leading weekly discussion sections) on science and society, 1971; three courses
on energy policy at Foothill College, 1975-76;, summer course on energy policy and
urban growth at U.C. Berkeley, 1976

Honeors
Summa cum laude from Princeton University; Phi Beta Kappa
Fulbright Scholarship
Woodrow Wilson Fellowship

McKay award as outstanding physical chemistry undergraduate at Princeton
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Deborah Lynn Bleviss
Executive Director and President

Deborah Bleviss was one of the founding Board members of the International
Institute for Energy Conservation (IIEC). She has been Executive Director and
President of the IIEC since 1986, during which she has been responsible for
building and developing the organization into one with a staff of more than 20,
a budget of nearly $2.5 million, and two regional offices in Bangkok. Thailand and
Santiago, Chile. She oversees a program that includes establishment of in-country
models for implementing energy efficiency in developing and Eastern and Central
European countries; information dissemination and capacity-building;
development of policies in areas heretofore considered intractable; and
stimulation of the provision of energy efficiency goods and services by private
business. Ms. Bleviss also serves as the chair of the Executive Committee for the
U.S. Working Group for Global Energy Efficiency, a consortium of
representatives of American government agencies, non-governmental
organizations, academic and research centers, and private businesses, with the goal
of increasing the rate of energy efficiency implementation in developing and
Central and Eastern European countries.

Ms. Bleviss is a well-recognized expert in energy conservation. She has
written and spoken extensively on the subject, particularly on energy efficiency
policies and implementation in developing and Central and Eastern European
countries, and energy conservation in the transport sector. Among her most
recent writings has been an article for World Resources 1992-92 on technology
cooperation for energy efficiency and an article for the Indian magazine,
Productivity, on the applicability of energy efficiency for developing countries.
She is also the author of three books on energy efficiency: one on the
technological promise: and potential policy options for increasing light vehicle fuel
economy worldwide (1988); one on the obstacles and options to increase energy
efficiency in rental housing (1984); and one on how to improve the efficiency of
urban housing (1982).

Ms. Bleviss is frequently a participant or speaker in panels and
conferences, many international, on problems with and solutions to implementing
energy efficiency in non-industrialized countries, often in the context of strategies
to combat global warming. Among these most recently have been: a member of
the Tciinical Review Panel for two proposed projects for the Global
Environmental Facility (1992); a member of the Megatrends for the Future Panel
for the World Resources Institute and the U.S. Environmental Protection Agency
(1992); a member of the Task Force for a New U.S. Agenda for International
Development and Environmental Security for the Environmental and Energy
Study Institute (1991); and a Member of the Transportation Panel and Technical
Advisor to the Committee on Alternative Energy Research and Development
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Strategies for Confronting Climate Change of the National Academy of Sciences (1989-90). Among
Ms. Bleviss’ professional affiliations are: member of the Board of Directors of the Conservation Law
Foundation, member of the Board of Directors of the American Council for an Energy Efficient
Economy, and member of the Board of Advisors of the Demand-Side Management Training

Institute.

A physicist by training, Ms. Bleviss previously worked for the Federation of American Scientists
from 1979 through 1985 as Associate Director for Energy and Environment, where she concentrated
on energy conservation strategies and policies, both international and domestic. In that capacity, she
testified on numerous occasions before Congress on such issues as transportation energy efficiency,
energy conservation in multifamily buildings, and energy conservation R&D. She also served as a
member of the Conservation Panel of the Energy Research Advisory Board to thc Secretary of
Energy and as President of the Energy Conservatior: Coalition (1982-1984), a coalition of 17 national
public interest groups, representing over 6 million members, that works on conservation issues.

Prio: to working at the Federation of American Scientists, Ms. Bleviss was a staff research
scientist at Massachusetts Audubon Society (1977- 1979), where she directed a study on energy
conservation options in urban housing and served as a consultant to the New England Energy
Congress on energy conservation. She also served as a consultant to the New Jersey Department
of Environmental Protection and the Department of the Public Advocate.

Ms. Bleviss graduated summa cum laude from the University of California, Los Angeles with
a B.S. in physics in 1974. She then undertook two years of graduate work in physics at Princeton

University.
Among Ms. Bleviss’ publications are:

m "Focus on Technology Cooperation in Energy Efficiency”, World Resources, 1992-
93, Oxford University Press, 1992.

® "Energy Conservation: Scope and Contents", Productivity, Vol. 32, No. 4, January-
March 1992.

® Driving New Directions: Transportation Experiences and Options in Developing
Countries, International Institute for Energy Conservation, 1992 (co-edited with Mia
Birk).

m "Energy for Motor Vehicles", special issue of Scientific American on ENERGY
FOR PLANET EARTH , Vol. 263, No. 3, September 1990 (co-authored with Peter
Walzer, Volkswagen).

m"Energy and Development”, Oxford Energy Forum, Vol. 1, No. 2, August 1990.
® "Viewpoint: The Role of the Automobile--Future Transportation, Environmental
and Energy Needs", Energy Policy, Vol. 18, No. 2, March 1990.

m Enerpy Efficiency Strategies for Thailand: The Needs and the Benefits, University
Press of America, New York, 1989 (co-edited with Vanessa Lide).

@ "Saving Fuel: Time to Get Back on Track", Technology Review,
November/December 1988.

® The New Oil Crisis and Fuel Economy Technologies: Preparing the Light
Transportation Industry for the 1990s, Quorum Books, Westport, Connecticut, 1988.
® Energy Conservation and Existing Rental Housing, published by the Energy
Conservation Coalition, October 1984 (co-authored with Alisa Gravitz).

®m The Enerey Saver’s Handbook for Town and City People, Rodale Press, 1982
(co-authored with Ronnie Lipschutz, William Alschuler, David Conover).
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Dr. Robert Ciliano

A senior vice president of Hagler Bailly, Dr. Robert Ciliano directs the firm's activities in utility
demand-side planning and management. In the past four years, he has prepared over 35 reports
and related documents for clients on DSM program design, :mplementation and evaluation, and
integrated resource planning. His recent international DSM experience includes serving as team
leader on the development of a DSM program and pilot prototype projects for the Calcutta, India
Electric Supply Corporation, as team leader on the implementation of a new demand-side
planning function and the identification of first-generation DSM program concepts for the
Jamaica Public Service Company, as the industrial specialist on the design of a DSM pilot
program for Mexico, and as project director on a load curve and DSM options analysis for
Pakistan. He has also conducted over 30 workshops on DSM program design and evaluation,
pricing and regulatory incentives, and integrated resource planning in Indonesia, India, Jamaica,
Canada, and the United States. Prior to joining the firm, Dr. Ciliano was vice president of
technology and information at Synergic Resources. He has also served as adjunct professor and
lecturer at Drexcl University, the University of Pennsylvania, and Thomas Jefferson University.
Dr. Ciliano holds a PhD in technology and resource management from Drexel University.



SRINIVISAN PADMANABHAN

PRESENT POSITION

Manager, Hagler Bailly, Arlington, VA, 1992-,

AREAS OF QUALIFICATION

Energy conservation and efficiency

Private power and energy sector commercialization
Coal conversion technology

Renewable energy

v v v v

PREVIOUS POSITIONS

» Senior Analyst, U.S. Agency for International Development, Office of Energy and
Infrastructure, Washington, DC, 1989-1992
Program Officer, USAID/India, New Delhi, 1985-1989
Deputy Director, National Productivity Council of India, New Delhi, 1974-1985

EDUCATION

» BS, Mechanical Engineering, Madras University, 1973
» MS, Energy Efficiency, National Productivity Council, New Delhi, 1976

PROFESSIONAL EXPERIENCE

Mr. Padmanabhan is an energy efficiency specialist and engineer with particular expertise in the
power and industrial sectors. He has over 15 years of experience in cnergy systems, primarily in
the area of energy efficiency program planning for developing country and bilateral agencies.

He has been intimately involved in India with industry, professional bodies, central and state
governments and key development financial institutions in the design and implementation of major
energy/environmental projects.

1989- Scnior Analyst
1992  For: U.S. Agency for International Development, Office of Energy and Infrastructure

Mr. Padmanabhan was the senior energy analyst on the Energy and Environmental Policy,
Innovation, and Commercialization (EPIC) Program. Under this program, which began in late
1989, he has provided support to the following projects:

RCG/Hagler. Bailly. Inc.
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> Managed and directed Long-Term Issues in the Indian Power Sector, with the World Bank
and ODA

> Provided technology brokering support to six Indian-U.S. projects for funding by the
USAID/India Program for the Acceleration of Commercial Energy Research (PACER)
program

> Managed and directed studies on Opporiunities for Improving Electricity End-Use
Efficiency in India and Assessment of U.S. Trade and Investment Opportunities in Energy
Efficiency Markets in India

> Managed and directed the development of End-Use Efficiency Technology Menu for
developing countries in collaboration with Princeton University

> Managed and directed the development of the Coal Conversion Technology Project
inclnding IGCC, which involved Oak Ridge National Laboratory and the Pittsburgh Energy
Technology Center

> U.S. team leader of Cogeneration Project Development Study in the Indian States of
Mabharashtra and Tamil-Nadu.

In addition, Mr. Padmanabhan was the task manager of the Energy Policy Planning and
Development project (a sub-project of EPIC), and directed country power sector appraisals and
several energy efficiency studies. He also catalyzed private sector energy technology development
and commercialization efforts. In addition, Mr. Padmanabhan was a member of the A.I.D. team
responsible for a report to Congress entitled Greenhouse Gas Emissions in the Developing
Countries: Strategic Options and the USAID Response.

1985- Program Officer
1989 For: U.S. Agency for International Development, India Mission

As USAID/India's Energy program officer, Mr. Padmanabhan managed and directed a diverse
portfolio comprising advanced coal technology development, energy efficiency, and renewables
projects. In this capacity, he was chiefly responsible for the implementation of three of the Office
of Technology Development and Enterprise's energy projects. These three projects accounted for
over 40 sub-projects with life-of-project funding of $29 million. As the Energy Program Officer,
he was also responsible for the development of USAID strategy in the energy sector in India, and
was involved as a key player in the project design and implementation of USAID's two innovative
energy projects: PACER and EMCAT. PACER fosters market-driven commercial R&D in the
Indian energy sector by supporting an institutional consortium, while EMCAT seeks to improve the
efficiency of energy utilization in the energy supply and end-use sectors of the economy.

RCG/Hagler, Bailly. Inc.
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Karl Jechoutek

Division Chief (IENPD)

Bank Experience

1993-

1988-92

1985-88

1982-85

1977-82

Division Chief, Power Development/Efficiency/Household Fuels Division,
Industry and energy Department (IENPD)

Senior Economist, then Principal Economist, Asia Technical Department, Energy
Division, then Europe/Central Asia/Middle East/North Africa Technical
Department, Energy and Industry Division

Deputy Chief, later Chief, Regional Office in Bangkok

Senior Economist, Energy Department, Office of the Economist Advisor

Economist and Senior Economist, South Asia Energy and Water Division, later
Energy and Transport Division

External Experience

1973-77

Consultant and Senior Consultant with The Economist Intelligence Unit, London,
UK.

Key Experience Areas

Energy Economics: Country energy strategies and policy analysis.

Power Sector Development: Power sector reviews, project development, least-cost
optimization.

Energy Pricing: Pricing strategies, marginal cost analysis, cost recovery.

Energy / Environment: Impact and mitigation analysis, utilization technology
costing, coal utilization analysis, GEF advice

EDUCATION

MBA (Diplomkaufmann), Vienna, Austria
M.A. (Economics), University of Wisconsin
PH.D. (Economics), University of Wisconsin
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Themselves?

Albert L. Nichols
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Washington, DC
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Contrasting Views of DSM and
Conservation more Generally

= "[Conservation is} not a free lunch; it is a lunch
you are paid to eat.”
- Fickett, Gellings and Lovins in Scientific Amenican

= "...if there are such enormous opportunities
available, why aren't consumers taking
advantage of them?”
= Alfred Kahn, Electricily Journal

nefssa

Why Conservation is not "Supply

= |RP treats DSM as supply:
- utility should "purchase” like generation
- buy if price < avoided cost

But utility already "buys" conservation
- price of electricity is "payment”
= reduced bill is customers' incentive to "supply”

Problems arise if Price << marginal cost

- customer has insufficient incentive to conserve
= fixing price is best

- Subsidy should be < MC - P

vesa

Why Quoted Costs/kWh Saved are Often
Misleading
= Savings estimates overstated

- engineenng, not statistical
- free nders

= Utility costs understated
- incomplete accounting

= Customer costs understated
~ often missing completely
- estimates limited to out-of-pocket

esa

J—

Programs Analyzed

= Massachusetts Electric
- Part of New England Electric System
- Widely recognized for excelience of programs
- Evaluations based on careful statistizal analysis

= Commercial/Industrial Lighting
- C/l generally more cost effective than residential
- Lighting is most popular, apparently most C/E

= Two programs
- Design 2000 (D2000) for new buildings
- Energy Initiative (E)) for existing (87 % of expenses)

vesn

Nonenvironmental Benefits and Costs
Used to Help Compute Regulatory

Incentive
D2000 El Total
Avoided Cost $44 $18.8 $232
Progmm Cost ($t.1) ($8.1} (39.2)
Net Benefits $3.2 $10.7 $13.9
8/C Ratio 38 z3 25
nesa
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Components of Change from Regulator's
Costs and Benefits to Conventional TRC

Regulators Net Ben. +
Actual Avoided Cost -
Evaluation Cost [
Incantive Cost ~

Free Riders’' Rebates |-
New Adopters’ Costs -
Comventional TRC

(10)  (5) 0 5 10 15 20
Net Benefits of Lighting Programas ($ miiions)

B Net Banefits B Gains B Losses

nefs

TRC Test Broken Down by Group

Component Tolal Ratepayers Free Riders New Adopt.
Avoided cost $21.0 $21.0 NA NA
Admin. ($2.9) ($2.9) NA NA
Rebates NA ($8.3) $0.6 $7.7
Measure costs ($11.3) NA NA ($11.3)
Revenue/Bils NA ($20.6) NA $206
TRC Net $6.9 ($10.7) $0.6 $17.0
Benefits
vefa

Value to Participants: The Economist's
View

Price of Measure

\

Savings Based on Evaluation

'
]
!
1
|
1
|
|
|
|

o U

.0

] t |
| I

4 Qa :

Quantty of Measure
0 1 nera QM

Comparison of

Net Benefits

Ratspayers -

Froe Riders |

New Adopters

Total |-

(15) (10) (5) 0

5 10 15 20

Net Benefits (3 milions)

Consumer's Surplus

Cost per kWh Saved Varies with the Test

Avoided cosllSQ,DGd 5/kWh

v

. /
Regulatory UCT B

Adjusted UCT

Conventional TRC 8

Consumer Surplus ;

$0 $0.02 $0.04 $0.06 $0.08 $0.1
Cost per KWh Saved

nefa

Factors that May Help Explain Gap

= DSM Enthusiasts

-~ Misperceptions
¢ poor information

- Market Barriers
« landlordtenant
« capital availability

- Reductions in MBC

« Barakat & Chamberiin
"Value Test"

efa

= DSM Skeptics:

- Omitted Measure Costs
« reliability/comfort/etc.
« "transactions costs”

- Lower value of savings to
participants
« acon. lifetime < physical
« higher discount rates
« option value (retrofits)




Landlord-Tenant Problems:
Most C/I Customers Own Their Space

it k. T et C
R A R D R Y g R K,
N . . L A

0OOAR AL NSO O00XPL000E
I "

0% 20% 40% 680% 80% 100%
Percent

Lease

Both

Manage |

M Participants & Comparson B Population & Dropout ]
Sarce HBRS 1003, Table 345

rvefa

Other Alleged Barriers

= Builders-Owners a Financing

- How distinguish energy - Small projects (<$20K)
from other features? - 120 employees/site

- Builders/verxlors have ~100,000 sq. fi.
slrong incentive to push - little interest in financing
retrofits options

- Studies find residential
energy costs capitalized

-Large C/l customers more
sophisticated

nesa

El Participants Do Not Place Much
Weight on Utility Recommendation

Rehabilty
Purchase cos! NI
Etficiency level B

Compatibiirty RS
Operating Cos! K

Payback
Support/Service +

Availabiry [EEEEER

Lty e

Vendor Rec & : |
0% 20% 40% 60% 80% 100%
Percent Ranking 4 of 5 in importance
Source  HORS (1897),86-87

nera

Arguments Against Consumer's Surplus
are Weak

= Market barriers are relatively small
- large, relatively well-informed customers
- relatively simple, uniform technologies
- most own, programe do not differentially affect renters

DSM programs are not designed to overcome

market failures

= primarnily rebates

- nothing special about utility running (other than ability
to cross subsidize)

vef:a

Costs Omitted from TRC

= Reliability is critical
- 18% dissatisfied with reliability/quality of retrofit efficient
bulbs and ballasts
- On-site survey found failures at 8/35 sites

Retrofits involve some disruption
- lost production/sales
- Small absolute cost = large proportional cost

» Average EI projects’ out-of-pocket costs
= $200/employee at site

New instaliations may require delay
~-91 days from application to approval

ves.a

Utility's Discount Rate is Too Low for
Customers

=« TRC based on 5.5 percent (real)
- utility's rate

a C/l customers use higher rates for own cash
flows

= Customer's rate is anpropriate for customer's
benefits/costs
=they are the ones receiving, even with DSM
- appropriate discount rates are project-specific

nemsa




Critical Values of Discount Rate and
Unmeasured-Cost Share

Unmeasured Costs as Perventsge of Out-of-Pocket
200%

TRC for New Adopters = CS

100% +
50%
[’ . L L
D/b‘/a 5% 10% 15% 20% 25%
Discount Rate
st

The Argument Against TRC is Plausible,
but Incomplete

» Plausible combinations of realistic discount rates
and unmeasured costs drive TRC to Consumer's
Surplus
~-e.g., I = 15%, unmeasured = 36% of out-of-pocket

= Substantially smaller adjustments drive TRC
below 0
-e.g.. r = 10%, unmeasured = 8% of out-oi-pocket

= Key unanswered issues
= quantify specific omitted costs
=~ quantify discount rates appropriate to these decisions
in real world vera

Conclusions

= C/l rebates are biggest elements in U.S. DSM
s Large transfers from ratepayers lo participants

= Economic rationale is weak:
- prices generally greater than or equal to marginal cost
- information arguments weak for these sectors
- poorly targeted approach to environmental problems

» Standard B-C "tests” misleading:
- omitted costs

-jow discount rates
wvena

Current DSM is Inconsistent and
Incompatible with Competition in Supply

= Growing competition in supply
- bidding for new capacity
- retail wheeling

= DSM subsidies incompatible with competition
-customers will go elsewhere rather than pay

= Inconsistencies in intellectual underpinnings
- Supply=decentralization
- DSM-=utilities expert in customers' needs, end uses

= Efficient pricing is key to reconciling

nera
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ELECTRICITY USE IN THE

=4 DEVELOPING WORLD

Unabated electricity usage growth rates of 5-7.5% per annum
at conventional efficiency levels could translate into:

= $1.7-4 trillion of required new supply-side investment
over the next 20 years

- the power sector absorbing almost half of incremental new
capital investment at current rates of GDP growth

Growth in electricity end use is almost 50% more rapid than
the growth rate of overall energy end use

High T&D loss rates (often in excess of 20%) yield a higher
at-the-generator savings per unit of savings at the customer
site

Foreign exchange constraints relating to purchased fossil
fuels for power generation often place as great a premium

on energy efficiency gains as on demand reduction through
load management



RELATIVE PER-CAPITA ELECT®ICITY
CONSUMPTION REMAINS HIGHLY SKEWED
BETWEEN INDUSTRIAL AND DEVELOPING NATIONS

MWh/Capita
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INCREASED RATESPOF URBANIZATION AND MURAL

I \ ELECTRIFICATION WILL PROVIDE NUMEROUS DSM
\ -3hghd OPPORTUNITIES IN COMMERCIAL NEW
~Z CONSTRUCTION AND RESIDENTIAL LIGHTING

Rural

Urbanization Electrification

Rates
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INCREASED APPLIRNCE SATURATION RATESPWILL
\ PLACE A PREMIUM ON NEW STANDARDS AND

{ "GOLDEN CARROT" APPROACHES

Hot Water Saturation 1005 Refrigerator Saturation
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INFORMATION VOIDS AND PROBLENMS IN
RESOURCE AVAILABILITY AND PRICING

N

CREATE FORMIDABLE BARRIERS

In many developing countries electricity and other energy prices are often
subsidized rather than based on full marginal cost principles. Rationalized
energy prices are a necessary precursor to successful DSM.

Worst still, other resources (labor, capital, raw materials) often exhibit

comparable price distortions such that true integrated resource planning is
compromised.

"Technology delivery infrastructure" is often lacking, with entire components
missing in the distribution and installation channels.

The availability and quality of load shape, end-use, facility and
socio-demographic and firmo-graphic market data are often exceedingly poor.

Differences in customer behavior, lifestyle preferences, consumption patterns,
and investment criteria often limit valid experience transfer from the US,
Canada and Europe.



ACTUAL MECHARNICS OF PROGRAM DESTGN,
DELIVERY AND EVALUATION ARE FAR MCRE
TRANSFERABLE THAN THEY MAY

AT FIRST APPEAR

Frequently confront the "uniqueness" challenge in DSM
applications throughout North America

- "Nova Scotia is not Manhattan;" "Little Rock is not Miami;" "All the industrial facilities in
Butte couid fit inside one Boeing plant in Renton with room left over"

- Claims are almost always true; almost always overstated; and seldom of any real
compromising consequence

Common sense propositions for developing and
re-structuring econcmies

(1) More Complex Commercial/Industrial Infra-Structure

- Relative to even 5-10 years hence, the less that exists now (and the less of what
exists that will remain) suggest that what is new wili look very much like North
American, European or Japanese counterparts

- world ciass factories, hotels/resorts, universities, commercial office and retail

- complexes, electrified mass transit, etc., etc., etc.
S35~
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= ACTUAL MECHANICS OF PROGRAM DESIGN,

\ DELIVERY AND EVALUATION ARE FAR MORE
EL) TRANSFERABLE THAN THEY MAY
A AT FIRST APPEAR

Common sense propositions for developing and
re-structuring economies (cont.)

(2) Less Complex Residential and Agricultural Infra-Structure

- Not dealing with "Smart House" concepts!

- Targets for only very simple, high-volume deployment type measures (e.g., CFLs,
simple weatherization seal-ups, pump sets, HPS street lighting, etc., etc., etc)

- Growing affluence cum larger applicance portfolios best handled via codes and
standards as in North America

(3) Advanced telecommunications needed to enable applications like DLC, remote
sensing, GAP, real-time pricing, etc. will occur over next decade anyway for
reasons having nothing to do with DSM/efficiency
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i ) TO DEVELOPING NATIONS
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N
Highest
Codes & Direct
GAP Standards Installation
Utility- Interruptible/
Residential Directed ESCOs Curtailabie Rates
Rescheduled Lighting
Operations -
Self-Initiated
Commercial ESCOs/Bidding
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Subsidized Financing TOU Rates
Moderate -
Motors/
GLMC
ASD/PFC Variable Buy-
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\?)* Many of these could be combined with pre-delivery audits



DSM IMPLEMENTATION ISSUES:
SOME "DISADVANTAGES" OF

DEVELOPING COUNTRIES

Lack of program delivery infrastructure

= A/E, ESCO, and performance contracting community often

underdeveloped utility field staff may lack end-use
technology expertise

= North American utilities make extensive use of contractors
and trade aliies (best examples: NU, WEPCO, ConEdison of NY)

Absence of proper pricing signals

= Many LDCs have subsidized tariff schedules that mask
marginal costs and mis-allocate costs among customer classes

- Most U.S. and Canadian utilities use pricing as a catalyst

for DSM impiementation (e.g., SDG&E "cool storage rates") or
as stand-alone strategy (e.g., PG&E, NIMO real-time pricing)

Institutional barriers constrain DSM technology availability

= Restrictive import quotas and taxes and other forms of
protectionism limit access to improved efficiency technology

- In the U.S., "golden carrot " "green lights," and similar

grams make manufacture sgven rs program partners
e - Detroit Edison/SYNDE



DSM IMPLEMENTATION ISSUES:
SOME "ADVANTAGES" OF
DEVELOPING COUNTRIES

Ability to aveid “lost opportunities”

Over the next 20 years, a disproportionately large fraction

of total commerciai/industriql infrastructure will be
composed of new construciion

In North America, new C/I construction will represent a
small fraction of total ioad, even by 2010

w22 Centralized control over program delivery

Often a single nationai utility with direct control over ail
distribution and retailing functions

In a state such as New York, over 6 large IOUs must

separately plan, design, and implement DSM programs; BPA has
to implement programs through over 6 dezen retailers

Integrated policy environment

Electricity policy is closely integrated with overall
energy policy, and often social and economic policy as well

Even in "collaborative" states (WI, CA, NY, MA) electric

DSM is almost never formaliy coordinated with gas DSM or
other forms of energy efficiency



IRP AS AN ENABLING MECHANISM FOR
AGGRESSIVE DSM ACTION IS A HARD UP-
FRONT "SELL" TO THE DEVELOPING WORLD

)
NZ

The notion of the utility as a "systems integrator" acquiring both
supply and demand-side resources from independent third pariies

and customers is quite a radical departure for most developing
nations.

The provision of regulatory incentives is very difficult to implement
effectively for non-lIOUs. Most utilities in developing countries are
SEBs or other forms of para-statals.

Until active pilots and full-scale programs are in the field in these
countries, why would a pragmatic politician risk endorsing pervasive
regulatory/institutional change for a resource yet to prove its
transferrability and value in his country?



X SUCCESSFUL DSM INRCADS WILL
=111 REQUIRE SYSTEMATIC "BOOTSTRAPPING"

A4
/
N

= DURING FiRST FIVE YEARS

\N

Begin with well-desighed multi-sector pilots:

- focus on obvious "high-impact" sector-measure pairs (e.g.,
industrial motors, commercial lighting and cooling, etc.)

- design formal experiments with testable hypotheses targeted by
market segment and region

- choose statistically representative cross-sections, not
"showcase" projects

Experimental features would include alternative:

marketing/promotion/awareness building techniques
- financing/incentives/cost-sharing mechanisms
- field-delivery and impiementation approaches
- use of vendors, manufacturers and other trade allies

- synergies with new innovative rate/tariff designs
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SUCCESSFUL DSM iNROADS WILL
1 REQUIRE SYSTEMATIC "BOOTSTRAPPING"
2z DURING FIRST FIVE YEARS

Pilots would last 9-15 months with formal impact measurement and
process evaluation spanning months 12-18 (in case of 15 month pilot) to
verify and document:
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- kW, kWh, and load shape impacts

- equipment performance, reliability and power quality implications
= customer receptivity and participation patterns

= financial viability, delivery efficiency, overall cost-effectiveness

- comparison of treatments and extrapoiation to full-scale program
performance inciuding financiai and technical risk assessment

Fulil-scale programs begin in third year with procedures instituted to:

- effect on-going performance tracking and monitoring from outset
- effect impact measurement and persistence verification

- increase involvement of ESCOs, performance contractors and
competitive bidding in years 4 and 5



SUCCESSFUL DSM INROADS WiLI
1 REQUIRE SYSTEMATIC "BOOTSTRAPPING

N

DURING FIRST FIVE YEAR!®

Concurrent efforts mobilized to:

provide training, technolegy/experience transfer and institution
building within utility, government agencies and private entities

regulatory reform focused on IRP principles and on
ameliorating market barriers

codes and standards development and enforcement strategies
further tariff design innovation as catalyst to DSM
"technology delivery" infrastructure development

continuing program of market and load research
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DSM Retrospects

* Load Management: Distribution of shortages

« Barriers to end-use efficiency/DSM
- electricity prices less than generation costs
- cross-subsidization of electricity rates

- emphasis placed by end-users on minimization of first
cost

~ limited competitive pressure to reduce costs

- higher costs of energy efficient equipment in developing
countries

-~ capital availability constraints

DSM Retrospects

» Barrier to end-use efficiency/DSM (continued)

- long in-service life of equipment and utilization of used
(second-had) equipment

- manufacture of inefficient equipment in the small-scale
sector

- electricity shortages and quotas

-~ poor power quality and reliability

~ aversion to taking risks with new technologies

— limited to control of utility equipment

~ bias towards implementing visible projects

- shortage of skilled staff and lack of end-use information
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Power System Planning

* Sequential Planning
* Integrated Resource Planning

PRESENT SEQUENTIAL PROCESS INTEGRATED RESOURCE PLANNING
demand demand side options
forecasting demand
* forecasting
generation A
planning
* generation | transmission
transmission planning |- planning
planning \ /
y y
financial financiat
planning planning

Institutional Realities

Who does one work with in implementing DSM?
Is it -

— Utilities (Parastatals and/or private sector)

- Self-directed or utility directed

-~ Market intermediataries

— Development Financial Institutions

- Others
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DSM Market Drivers

Driven by:

- industrial demand for reliable and assured electricity
supplies

-~ the value of energy in a shortage situation
- ability to divert efficiency gains across sectors
- replacement/reduction in costly self-generation

- potential for cogeneration - peak load and end-of-line
impacts

Examples of DSM Projects in
Developing Countries

+ Strategic Conservation
- high efficiency lift-irrigation pumping
- rectification and metering of pumpsets
- variable speed motor drives
— motor downsizing
- efficientillumination

* End-use energy efficiency
- process efficiency improvements
- energy substitution

» Cogeneration (power and process
heating/cooling)
~ industrial
-~ commercial

Page 4
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Two Signs to Watch

» pace of sector reforms; tariff reforms
 private power development
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COMPETITIVE FORCES PUSHING UTILITIES TO EMBRACE CONSERVATION
AS A RESOURCE

Thomas J. Foley
Manager, Battelle Portland Operations
Pacific Northwest laboratories

Introduction

Since the early 1980s, utilities have, albeit sometimes reluctantly,
considered efficiency improvements to energy-using appliances, buildings, and
industrial processes as viable alternatives to generating additional power.
The trend has been driven by environmentally concerned intervenors,
legislatures, regulators, and a few progressive utilities that quickly came to
see conservation as in their best interests. Other activities on the
customers side of the meter, including direct load control, time-of-use rates,
and strategic sales have long been and continue to be parts of utility plans.

Conservation, when it is included in utility plans, has been adopted
because it is lower cost than other alternatives. Included in this calculus,
when it is done well, is the effect of more efficient end-use measures on the
diminished need for transmission and distribution upgrades, lower line losses,
and the elimination of the peaking plant downgrading that occurs in hot
weather. Some utilities have even added in the differential effect cf
conservation on environmental costs, as is appropriate.

After an initial tense period in the 1980’3, more and more utilities
and their regulators are moving towards the inclusion of conservation in their
resource plans. Conservation is being addressed in Integrated Resource Plans
which consider the costs and operating performance cf both generation and
conservation in the total context of supply of energy and the demand for the
services derived from energy.

However, few utilities to date have done a comprehensive examination of
the role of conservation in managing future risk. In part this is due to the
planning tools extant in utilities’ planning departments and in part due to a
focus on the near-term at the expense of the long-term. Near-term thinking
has focussed discussions on lost revenues, decoupling profits from sales, no-
losers tests versus societal, utility and consumer tests of cost-
effectiveness, free riders, and many other currently debated issues. Lost in
these discussions is the recognition that utilities have a competitive reason
for investing in end-use efficiency improvements that goes beyond the
estimated cost-effectiveness of conservation relative to generation.

This paper will examine the risk management role that conservation could
and should play. Much of what I will discuss is probably well recognized by
the attendees at this conference. The new thought I hope to put forth and to
generate discussion about is the potential role of conservation as a major
competitor to utility load. This idea, if it has merit, should lend urgency
to utilities’ adoption of conservation. In this light, conservation measures
should probably be deployed at a much more rapid pace than has been the norm,
to date.



The Future is Unknown

If we have learned anything in utility planning, it is that we cannot
know what the future will be. Incomplete generating plants, under
construction in the 1970’s are a concrete legacy of planning and building
large resources to an unknown future. Although decisions to build plants may
have been correct given then current information and planning techniques,
outcomes turned bad, because of rapidly increasing cost, higher than expected
interest rates, lower than expected growth rates, longer construction
schedules than had been forecast, and so forth. Even in retrospect, it cannot
be said that planners should have foreseen what would happen. To the
contrary, what can be said is that uncertainty is the norm, and we should
accept that in our planning and take steps to enable us to adapt to whatever
the future holds.

Of course, it is not only utility planning that is fraught with the
difficult task of planning under uncertainty. We all face uncertainty in our
own individual planning and in our daily businesses. It is the reason that we
buy insurance, we buy options, and we diversify our investment portfolios. It
is easy to forget just how uncertain the planning environment is, because in
planning, we tend to use models that are quite precise. We get trapped into
believing the precise numbers than are the results of our modelling efforts.
But, a brief examination of history helps shock us into an understanding of
how rapidly and how radically situations can change.

Consider the following examples:

1) In 1900 the U.S. Government was going to close the U.S. Patents
Office because, ‘'‘Everything had been invented.'’’

2) Until the mid-seventies, nearly all automobiles had carburetors.
Where are the carburetor makers today?

3) In 1948 Thomas Watson, then CEO of IBM testified before Congress that
he could not foresee the need for more than five computers of the
capacity of the one just completed by his company. Today, virtually all
of us have more power in our laptop computers. The computer Mr. Watson
spoke or filled a good-sized room.

4) In the 1990s the Soviet Union, one of two super powers in the world,
ceased to exist and virtually all of Eastern Europe changed their form
of government.

5) In 1903 the Wright brothers flew. In 1963, 60 years later, we landed
a man on the moon.

The significance of these events to utility strategies and resource
decisions should be clear. Conditions that exist today can change rapidly and
radically. Utilities that do not want to be '‘carburetor makers in a fuel
injected world’’ should take action now to enable them to adapt to an
environment that will probably be totally different than the one we plan in
today.

Competition for Utility Loads

There are many actions that utilities can and should take to mitigate
the risk imposed by future uncertainty. I will address them in a later
section of this paper, but first I want to suggest a future condition that
could dramatically and negatively affect the future solvency of utilities. I
will also suggest actions that can be taken to mitigate the potential damages
and perhaps to improve on the economic health of utilities.



The situation I see evolving is one in which historic competitors such
as electric and natural gas utilities will see each other as a minor irritant
relative to the effect conservation by do-it-yourselfers or Energy Service
Companies (ESCOs) can have on utilities’ loads. Gas and electric utilities
compete, sometimes bitterly, but loss of load to each other is constrained by
earlier investment decisions made by consumers, consumers lack of capital,
uncertainty about how another fuel would affect bills, availability of gas
pipelines, and so forth. To date, the speed of conservation adoption has been
constrained by many of the same realities. Will this continue to be the case?

Consider an environment in which utilities acquisition of conservation
lags, for whatever reason, while technological progress puts inexpensive, high
quality energy efficient technology into customers hands. Customers can
deploy these new, cheaper, and higher quality conservation options through
their own initiative or spurred by marketing efforts of ESCOs acting as a
catalyst, possibly with ESCOs providing the investment capital. We know that
technology can develop quickly. One only has to look at computer technology
to see how quality can increage even while costs decrease rapidly.
Parenthetically, computers are and will continue to an important element of
many conservation options.

Individual commercial buildings in Portland, Oregon have achieved 45%
energy savings using better lighting and energy management systems. The
lights and management systems are off-the-shelf technology. Assume technology
improves for all end-uses. Utilities’ loads could conceivably fall by 50% in
a short period, if all measures were implemented. I suspect that this outcome
would be devastating, if utilities were not part of the process of making it
happen. 1Is it likely? If we were to assign a probability to this vision of
the future would it be 0%, 100%--or somewhere in between. Can utilities
afford to ignore this vision of the future, even if the likelihood is far less
than certain? I suggest that they cannot and that utilities should take
action to protect themselves against such a possible outcome.

Many expert analysts, purportedly speaking in the best interests of
utilities, have suggested that if utilities acquire conservation resources,
their customers should pay for a large share of their own conservation.
Further, some add, utilities have no business trying to persuade customers to
use less of their product and it makes absolutely no sense to pay them to do
so through purchased acquisitions of conservation resources.

But, how far can a utility afford to go in support of customers paying
for their own conservation. What if technological progress, suggested in the
previous section, makes it feasible for customers to save or otherwise provide
for half of their load at less than the rates they currently pay to utilities.
Utilities would lose load and would have no way to recover costs other than to
raise rates to its remaining customers, while receiving no additional profits.
Rate increases of this magnitude would almost surely result in additional
losses of load to competitors. Only if the utility buys the conservation from
its customers, as they would buy a generator of power, and be allowed to
include the investment in its rate base would the utility be able to keep from
losing the revenues associated with customer initiated conservation.
Alternatively, a different regulatory structure, possibly decoupling utility
profits from sales might also protect utilities. I will examine this
alternative below.

Earlier I asked how likely this outcome could be. If one takes the
position that large amounts of customer purchased conservation will never
happen, one should think carefully and ask questions, as W. Edward Deming has,
such as ‘'‘Where are all of the carburetor makers?’’ If carburetor
manufacturers did not understand that the objective of carburetion was to
provide the correct mixture of air and fuel to a combustion engine, they are
probably long out of business. If they did understand the objective, they
might now be making fuel injection systems. Similarly, fuel injector
manufacturers should constantly be asking themselves how long combustion



engines will be the power plant of choice for personal transportation. If
they do not, they will not be prepared to transition to the manufacture of
other products, if and when internal combustion engines go the way of the
buggy whip and carburetor.

Other competitors will appear in the future that do not currently exist.
Consider open access, which will allow any utility to compete for loads
currently protected by the franchise granted tc the natural monopoly.
Utilities will probably compete for the largest cften most inefficient lcads.
If utilities can work with their customers to make them as efficient as is
feasible, it is more likely that a trusting relation will be built and,
possibly more importantly, the now smaller load will not be as attractive a
target for competing utilities. On the other hand large, possibly
inefficient loads, will be vulnerable to outside competition, especially if
subsequent efficiency improvements are offered by the competing utility.
Again, the possibility of this future threat should be pushing utilities to
implement aggressive conservation programs in their respective service
territory and they should use these programs to build a relationship of trust
with their existing and future customers.

Requlatory Approaches to Conservation Investments

It should be clear from the above discussion, that I believe utilities
should not be reluctant to pursue conservation of their customers’ loads. In
fact, I have argued strongly that utilities entering this arena too slowly are
at risk of losing load to conservation ventures initiated by others.

Regulatory change has been an important part of the evolution toward
utilities’ investments in conservation. Therefore, the first step utilities
should take is to examine opportunities for conservation investments under the
existing regulatory structure. Most states’ regulatory commissions allow
utilities to recover expenditures on conservation and many allow additional
return for conservation investments. Howuver, simply allowing utilities to
profit from conservation does not proterc them from load losses that could
result from cheap, higher quality conservation technology deployed by non-
utility agents. What is needed is a regulatory structure that rewards
utilities hased on the services accruing to customers--regardless of how that
service is provided. For example, building standards represent a very
efficient way to deliver conservation technology, but if an efficient standard
were applied to all existing buildings at time of resale, it would cut utility
loads without giving utilities a way to offset the losses. It would be
desirable if incentives were such that utilities saw it in their best
interests to encourage legislatures to adopt more efficient standards. Also,
from the utilities’ perspective it would be preferable to encourage
conservation investments by others, as long as utility profits were not
negatively affected. For most states, a new regulatory approach would be
needed to establish the desired incentives.

Thus, an appropriate next step is to determine which regulatory
framework best suits an aggressive utility conservation acquisition program--
one which is indifferent to whether the conservation is achieved through
utility programs, standards, building owners, or ESCOs. It seems clear that
some kind of decoupling mechanisms is needed, because the system would have to
reward utilities on a basis other than sales of Kwhs or Kws.

This paper is not the vehicle for a detailed discussion of decoupling
mechanisms, however, I will suggest one approach that appears to be a
promising way to achieve the environment suggested above. In Washington
State, the Washington State Utilities and Transportation Commission (WUTC) has
approved a tariff for Puget Sound Power and Light (PSP&L) that ties profits to
the number of meters served by PSP&L. The tariff is very complicated, but
essentially it establishes PSP&L’'s revenue at about $600 per customer.



Depending on how the WUTC may modify the tariff in the future, PSP&L has the
incentives to cut its costs, while maintaining its responsibility to provide
quality service to all of its customers. 1In this regard, it should encourage
efficiency standards, ESCO activities in its service territory, and customer
delivered conservation. At the same time, PSP&L should have no incentive to
build generation that is more expensive than conservation not implemented by
others. All of the incentives appear to be working in the right direction.
In Washington State, the jury is still out on the long-term merits of this
tariff, but it appears that the essentials elements of the tariff are correct.
A similar tariff, perhaps with modifications, should be given serious
consideration by state regulators--with support from utilities if they agree
that conservation in the current environment could impose a substantial
erosion of utility loads, with no compensating mechanisms to offset the lost
load. '

Other Strategies to Deal with Uncertain Futures

Many utilities still depend on models to identify the set of resources
that ‘‘'‘minimize’’ net present value costs of meeting future loads. Some
utilities still select resources that minimize rates to customers. In both
cases, a single forecast is used and the model internally has perfect vision
of the future. The cost of meeting the known load is determined with 100%
probability. Costs will most probably be either higher or lower than
estimated with any given portfolio mix, not only because of the operation of
the resources themselves, but for any number of reasons that cannot be
foreseen. Even when sensitivity analyses are done, the models still select an
‘‘optimum’’ resource mix of resources to meet a different but perfectly known
future. This approach to planning uses accounting techniques. In fact,
decisions are not made with perfect future vision. Planning should be about
identifying those actions that are important to meet near-term and long-term
objectives while managing the risk attendant with future uncertainty. To do
otherwigse, is akin to sticking ones head in the sand.

Planning should be undertaken with a healthy respect for the degree of
risk that the future can hold. The following considerations should be in the
forefront of the minds of utility planners:

Load growth uncertainty.
Environmental regulations.
Political uncertainty.
Technological change.

Fuel costs.

Resource performance and costs.
Others?

Load Growth. Over the past 20 years, locads have been stagnant in some
periods and have soared in others. Annual differences of 7% have been
experienced. A growth rate of 3.5% over 20 years would double a system, while
a 1% growth rate would only reguire the addition equal to about 20% of the
existing system. The reality of this degree of uncertainty should lead us to
take protective action, not unlike we all do when we purchase insurance or
strive to diversify our investment portfolios. Forecasting over a broader
expected range and examining all of the ways one can be wrong instead of the
one (optimal) way to be right should be a fundamental objective of utility
planing. Forecasting is an important part of this change.

Other Uncertainties. Load growth is only one of several examples of hgw
the future utility planning ernvironment can change. As the earth’s population



swells to 10 billion' in the next 5C vears, environmental issues will become
more global than they are today. It is possible that world agreements, like
the Montreal Protocol to reduce ozone depleting gasses, for example, will
effect our ability to generate power from fossil fuels.

Perhaps the most pressing environmental concern is global warming. The
issue of CO, emissions and its effect on global warming is being fiercely
debated. Many of the world's premier scientists believe global warming to be
a potentially major ccncern, while there are some who believe there is little
or no problem. One can not say which camp is right, but we can consider
probabilities and what our actions should be in the near-term. Even if the
probability of global warming being a major environmental problem is only 5%,
for example, we should probably take action today to ensure that we are
prepared in the event that world governments take collective action to reduce
CO, emissions. After all, none of us would get in an airplane or on an
operating table if the probability of personal damage were as high as 5%.
And, we pay a lot to ensure against accidents with a lot less than 5%
probability of happening.

Environmental policv and energy policy will depend a lot on the
political climate. If the democratic party wins the U.S. election, it is
likely that there will be a more active federal energy strategy and a more
aggressive policy to mitigate the affects of pollution. Again, failure to
prepare for these potentialities is not good planning. Utilities should be
hedging their bets even now to be akle to move quickly if new playing rules
are handed down by the government and utility regulators.

Earlier, I discussed technological change. Change can occur quickly,
and utilities would be well advised to be part of the change instead of
reacting to it.

History has taught us how quickly fuel prices and availability changes.
Under federal law, utilities were prevented from using natural gas as a
significant fuel for generating electricity. Now, virtually every utility is
considering gas-fired generating resources as the resource of choice. Already
we can see the price of natural gas rising. Although Hurricane Andrew has had
an impact on this rise, it should not be surprising if the price of natural
gas continues to rise, driven by market forces. Earlier nuclear pcwer and at
various times coal power was considered the clear choice for power baseload
power plants. Experience with the operating expenses and operating
performance of nuclear technology and fear of the ramifications of global
warming has cooled the urge to build more of these ‘conventional’’ power
plants. Rather than adopting a single technology, it is paramount for risk
mitigation to consider and hold open options for a diverse set of resources,
including fessil, renewables, and conservation resources.

Benefits of Conservation for Maintaining Competitiveness

Many of the benefits of conservation to utilities’ economic health are
not appropriately accounted for in the planning function. Those benefits that
usually are considered, include reduced line losses, reduced plant derating
for peaking plants on hot summer days, lower transmission and distribution

'World population, at 2 billion 40 years ago, is now at
about 5 billion and is estimated to be at 10 billion in the next
40 years. In one human lifetime population, which took forever
to reach 2 billion people will have socared to 10 billion. The
potential amount of pollution generated by 10 billion people will
be considerably higher than we see today, unless mitigative
action is taken now.
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costs associated with conservation (i.e., none), and the fact that
conservation requires no reserve margins. Attempts have been made to include
the environmental benefits that derive from conservation relative to
generation. However, the benefits are at once difficult to estimate and are
often revised in the political process to be ‘‘acceptable.’’

S5till not considered by most planners are benefits accruing to
conservation because:

. The smaller unit size makes it easier to avoid under- or over-
building.

. Smaller unit size also allows for a longer '‘construction period‘-’
to acquire a given amount of capacity and energy, because there is
little ‘'‘lumpiness’’ with this resource. In contrast, large
resources have to be built in advance of need with growth counted
on to work away the surplus.

U Efficiency standards for new uses yield more resource when it is
needed than when it is not needed. In a high growth mode, more
new uses of power are purchased and the efficiency gains, which
are the same per unit, are higher in absolute terms than in a low
growth mode.

. Efficient building shells have capacity benefits that increase
relative to less efficient shells as the indoor outdoor
differential getsgs larger. Thus, capacity benefits calculated
under average conditions underestimate the real benefits that
accrue to conservation measures.

. A certain amount of conservation may be appropriate as a integral
part of a diverge regource mix--above and beyora iis cost-
effectiveness, including the above characteristics of cecnservation
currently unaccounted for.

Until utilities adopt models and planning techniques that enable them to
account for these benefits, generation will be built when it is not justified
from an economic and risk management perspective.

Conclusion:

The future is highly uncertain and failure to account for this
uncertainty can be disastrous. Many suggestions have been made in this parer
relative to the risk mitigation properties of conservation. Most of the
suggestions have appeared before and have been incorporated since the early
1980’'s into the planning done in the Northwest by the Northwest Power Planning
Council.

A new concern expressed in this paper is the potential risk to utilities
if they do not embrace conservation and take control of it in thei: service
territories. The risk is from conservation done by customers themselves or
through efforts of ESCOs. Utilities can adopt aggressive acquisition programs
to protect themselves from ESCOs and other agents of conservation deploymer :.
Alternatively, utilities can work with their commissions to adopt tariffs that
make utilities indifferent to who causes efficiency improvements to end-uses
they serve. One suggestion is to work towards a tariff that decouples profit
from sales by basing utilitiesg’ revenues on the number of customers it serves,
instead of the number of Kwhs it sells.

Finally, there is another reason why utilities want the loads they serve
to be as efficient as possible. In parts of the world utilities are now free
to offer power to loads outside of their historic service territory. It
appears as though it is only a matter of time before open access to customers
will be a reality in the U.S. The Federal Electric Reliability Council (FERC)
continues to consider rules to make open access a reality. To the extent that
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loads are very efficient, and as a result smaller, they should present a less
desirable target to utilities from another service territory.



STRATEGIC UTILITY PLANNING: NEW TOOLS ARE NEEDED

Thomas J. Foley
Pacific Northwest Laboratory
Box 999
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ARSTRACT

Utility planning has historically been assisted by computer
models of the system. The models and the myriad of inputs to the
models are used to select resources cthat yielded the lowest
"expected" costs of serving loads over the planning horizon.
Forecasts of load growth, including all of the independent
variables that drive load, fuel costs, expected operating
performance of generating plants and everything else about the
future was assumed to be known.

Reliance on past planning tools--which focussed on single
point solutions--drove decisions toward large generating plants,
because of the perceived economies of scale. In retrospect, too
little regard has been given for the impossibility of forecasting
the future. Of course, loads have not always grown as expected,
generating plants have not always operate as expected, and the
large sizes and long construction lead-times of some generating
options have left many utilities with economic problems, even
bankruptcy. As a result, in part, of these experiences, utility
planning has recently moved away from reliance on large plants to
smaller more dispersed plants.

Unfortunately, most utility planners are still using the
same models they used in the past. We have moved away from
reliance on large plants, but have kept the models that helped
drive us there in the first place. We have dealt with the
symptoms, but not the fundamental problem. Continued use of the
old models is analogous to using weapons of the last war to fight
the next war. The country that does so usually lives to regret
it.

The future cannot be known. Therefore, planning should
contain a healthy dose of risk management. If one considers
worst case conditions about environmental concerns, for example,
it becomes clear that simple adaptation to unforeseen events will
not be an effective means of protection. It is important to
actively manage and reduce risks. Risk reduction can be achieved
through higher expenditures on resources with fewer future risks,
research and development on technologies of the future, and so
forth. 1Individually we do this all the time in the development
of our investment portfolios, in the purchase of insurance
against future catastrophic events, and denying ourselves near-
term pleasures, in order to assure better health in old age.



This paper will explore some of the shortcomings of the old,
existing tools, and what can be done to improve the planning
function within utilities. Shortcomings include the inability to
adequately address future uncertainties as well as the inability
to model all of the benefits that accrue to conservation and
renewable resources. Although the paper focusses on electric
utilities, the discussion is appropriate for any utility
providing services to retail customers.

INTRODUCTION

Many of the ideas in this paper were formulated prior to the
adoption of the Energy Policy Act of 1992 (EPACT), which amended
the Public Utilities Company Holding Act (PUHCA). The changes
made in EPACT m:kes the future even less certain for utilities,
and moves the utilities in the direction of needing more
sophistication in planning. As a result of EPACT and further
anticipated changes to PUHCA, some utilities may cease to look
like utilities as we know them today and instead focus on one or
more niche markets. However, to survive at all in the utility
business of the future, good planning will be paramount. Given
the state of flux in the business of generating and delivering
power to customers, I believe that this discussion is timely.

THE FUTURE IS UNKNOWN

It was often said in the early 1980's that utility planning
was riskier than it had ever been before. I believe it had
always been risky, but that we had not been hurt, because load
was growing so rapidly that most planning problems were
mitigated. In fact, the fundamental problems were always there.
We assumed that we knew what the future held in store and we
planned that way. We planned to supply electricity in ways we
would never use to plan our retirement portfolios, for example.
We didn’t diversify in the selection of generation plants. We
didn’'t consider the risks inherent in our actions and how rapidly
the future can change from the one envisioned. We always chose
the action with the lowest expected costs if everything went as
planned, and did not pay enough attention to the down side risks
of our actions.

If we have learned anything in utility planning, it is that
we cannot know what the future will be. Partially completed
generating plants under construction in the 1970’'s are a concrete
legacy of planning and building resources to an unknown future
without hedging against unknowns. Even in retrospect, it cannot
be said that planners should have foreseen higher costs, higher
interest rates, and more regulatio. To the contrary, what can be
said is that uncertainty is the norm, and we should accept that
in our planning and take steps to enable us to adapt to whatever
the future holds.

IS



Of course, it is not only utility planning that is fraught
with the difficult task of planning under uncertainty. We all
face uncertainty in our own individual planning and in our daily
businesses. It is the reason that we buy insurance, we buy
options as businessmen, and we diversify our investment
portfolics.

In utility planning, it is easy to forget just how uncertain
the planning environment is, because in planning, we tend to use
models that are quite precise. We get trapped into believing the
precise numbers that are the results of our modelling efforts,
and egulation which focusses on estimated avoided costs, rate
impacts, and the like exacerbate the tendency. But, a brief
examination of history helps shock us into an understanding of
how rapidly and how radically situations can change.

Consider the following examples:

1) In 1900 the U.S. Government was going to close the U.S.
Patents Office because, ‘'‘Everything had been invented.’’

2) Until the mid-seventies, nearly all automobiles had
carburetors. Where are the carburetor makers today?

3) In 1948 Thomas Watson, then CEO of IBM tegtified before
Congress that he could not foresee the need for more than
five computers of the capacity of the one just completed by
his company. Today, virtually all of us have more power in
our laptop computers. The computer Mr. Watson spoke of
filled a good-sized room.

4) In the 1990s the Soviet Union, one of two super powers in
the world, ceased to exist and virtually all of Eastern
Europe changed their form of government.

5) In 1903 the Wright brothers flew. In 1963, 60 years
later, we landed a man on the moon.

6) Tris Speaker, a hall of fame baseball player said, "The
Babe will never make an everyday ballplayer."

The significance of recalling these events and many others
like them should be clear. Conditions that exist today can
change rapidly and radically. EPACT puts an exclamation mark at
the end of the sentence. Planners should take action now to
enable them to adapt to an environment that will probably be
totally different than the one we plan in today.



PLANNING FOR UNCERTAINTY

Here I will discuss uncertainties that are not well
addressed in planning. Then I will examine conservation as a
resource that is not modelled well in the current tools. I will
also show that conservation implemented by non-utilities can be a
threat to utility’s native loads, and discuss how utilities
mmight protect themselves.

Many of the planning models identify the set of resources
that ‘‘minimize’’ net present value costs or the rate impacts of
meeting future loads. In either case, a single forecast is used
and the model internally has perfect vision of the future. This
approach to planning is analogous to accounting, not decision
making. Planning should be about identifying those actions that
are important to meet near-term and long-term objectives while
managing the risk attendant with future uncertainty.

In current utilility planning, the cost of meeting known
load is determined with 100% probability. We know that costs
will most probably be either higher or lower than estimated
because of all we have discussed to this point. But, this
estimated number (either rate impact, societal cost , or other
metric) is used in the regulatory process as if it were
sacrosanct. It has been the subject of countless intellectual
discussions about the appropriateness of using the rate impact
measure (RIM) versus the societal cost measure as the basis of
resource selection, especiallly conservation resources. These
calculated future costs can dictate many of the actions taken and
constrain inappropriately the use of renewables and conservation.

We have experienced large variations from forecasted values,
even when we have been estimating performance of technology. We
typically think of forec=euing errors in the 10% to 20% range.
But, in fact we see much jreater variances from our forecasts
than this. The changes can come from myriad directions. For
example, nuclear plants were designed to be operated by 100
people. These same plants now have over 1,000 people operating
them. Much of the change has been dictated by regulatory
agencies, but the point is that change can come from anywhere.

Consider what we really know when we do planning. For each
set of decisions, we can estimate a cost or rate, but we know
that the actual outcome will be different and that from our
planning perspective, the outcome could have a large range of
costs with different probabilities of occurring. Now consider
another set of actions. They also might have a wide range of
outcomes. What we have now are two different distributions of
cost and probability that overlap each other. Figure 1 dipicts
this idea and might reflect for some real decisions the extent of
our knowledge about outcomes.

FIGURE 1. OVERLAPPING DISTRIBUTIONS OF RESULTS OF ACTIONS
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Information like that shown in Figure 1 can display the
risks inherent in a decision for one set of actions over another.
Is one too risky, even though it is lower cost over a large part
of the range? Are there actions to preserve low costs by moving
the entire distribution? A decision has to made. A model that
can provide this kind of information can help.

MODEL IMPROVEMENTS

As we have discussed dealing with future uncertainty has to
be a fundamental part of planning. There are Monte Carlo
modelling approaches that specifically address the uncertainty of
all key driving variables. Multiple runs of the model with
estimates drawn from specific rranges of the key variables will
yield information like that shown in Figure 1.

At a minimum, the following possibilities should be in the
forefront of the minds of utility planners:

Rapidly changing load growth.
Changing environmental regulations.
Revolutionary technological change.
Rapidly increasing fuel costs
Resource performance and costs.
Others?

Load Growth. Over the past 20 years, loads have been stagnant in
some periods and have soared in others. Annual differences of 7%
have been experienced. A growth rate of 3.5% over 20 years would
double the resource requirements of a system, while a 1% growth
rate would only require additions equal to about 20% of the
existing system. Forecasting over a broader expected range and
examining all of the ways one can be wrong instead of the one
(optimal) way to be right should be a fundamental objective of
utility planing. Forecasting is an important part of this
change.

Other Uncertainties. Load growth is only one of several examples
of how the future utility planning environment can change. As



the earth’s population swells to 10 billion' in the next 50
years, environmental issues will become more global than they are
today. It is possible that world agreements, like the Montreal
Protocol to reduce ozone depleting gasses, for example, could
result in our inability to generate power from fossil fuels.

Perhaps the most pressing environmental concern is global
warming. The issue of CO, emissions and its effect on global
warming is being fiercely debated. Often, the debaters take one
side of this issue or another. Global warming is a potential
problem or it is not. But, what if the probability of global
warming being a major environmental problem is only 5%, for
example. Should we take action? Given the dramatic consequences
predicted by some, I would say yes. No one of us would get in an
airplane or on an operating table if the probability of personal
damage were as high as 5%. And, we pay a lot to ensure against
accidents with a lot less than 5% probability of happening.

Earlier, I discussed technological change. Change can occur
quickly, and utilities would be well advised to be part of the
change instead of reacting to it. 1In today’s new utility world
with the fear of capital being "stranded" by competition with
cheaper technology, utility planners would be well advised to
carefully watch and consider what technological cahnge can do to
business.

History has taught us how quickly fuel prices and
availability changes. Under federal law, utilities were
prevented from using natural gas as a significant fuel for
generating electricity. Now, virtually every utility is
considering gas-fired generating resources as the resource of
choice. Already we can see the price of natural gas rising.
Despite the "gas bubble or sausage," it would not be surprising
if the price of natural gas continues to rise, driven by market
forces and near-term constraints in the delivery system.

Earlier nuclear power and at various times coal power was
considered the clear choices to power baseload power plants.
Experience with the operating expenses and operating performance
of nuclear technology and fear of the ramifications of global
warming has cooled the urge to build more of these
"conventional’’ power plants. Rather than adopting a single
technology, it is paramount for risk mitigation to consider and

'World population, at 2 billion 40 years ago, is now at
about 5 billion and is estimated to be at 10 billion in the next
40 years. In one human lifetime population, which took forever
to reach 2 billion people will have soared to 10 billion. The
potential amount of pollution generated by 10 billion people will
be considerably higher than we see today, unless mitigative
action is taken now.
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hold open options for a diverse set of resources, including
fossil, renewables, and conservation resources.

Conservation Resources

Becasue conservation is the new kid on the block, current
planing models do not accomodate conservation very well. the
models were put together before conservation was an important
resource. Thus, many of the benefits of conservation to
utilities’ economic health are not appropriately accounted for in
the planning function. Those benefits that usually are
considered, include reduced line losses, reduced plant derating
for peaking plants on hot summer days, lower transmission and
distribution costs associated with conservation (i.e., none), and
the fact that conservation requires no reserve margins.

Attempts have been made to include the environmental benefits
that derive from conservation relative to generation. However,
the benefits are at once difficult to estimate and are often
revised in the political process to be '‘acceptable.’’

Still not considered by most planners are benefits accruing
to conservation because:

e The smaller unit size makes it easier to avoid under-
or over-building.

¢ Smaller unit size also allows for a longer
‘‘construction period’’ to acquire a given amount of
capacity and energy, because there is little
**lumpiness’’ with this resource. In contrast, large
resources have to be built in advance of need with
growth counted on to work away the surplus.

e Efficiency standards for new uses yield more resource
when it is needed than when it is not needed. 1In a
high growth mode, more new uses of power are purchased
and the efficiency gains, which are the same per unit,
are higher in absolute terms than in a low growth mode.

e Efficient building shells have capacity benefits that
increase relative to less efficient shells as the
indoor outdoor differential gets larger. Thus,
capacity benefits calculated under average conditions
underestimate the real benefits that accrue to
conservation measures.

e A certain amount of conservation may be appropriate as
a 1integral part of a diverse resource mix--above and
beyond its cost-effectiveness, including the above
characteristics of conservation currently unaccounted
for.

Until utilities adopt models and planning techniques that
enable them to account for these benefits, generation will be



built when it is not justified from an economic and risk
management perspective.

OTHER CONSIDERATIONS IN PLANNING

Earlier I addressed technological change. Using
conservation as an example, I want to explore a possible future
condition that could affect the future solvency of utilities. I
will also suggest actions that can be taken to mitigate the
potential damages and perhaps to improve on the economic health
of utilities.

The situation I see evolving and put forth for discussion is
one in which historic competitors such as electric and natural
gas utilities will see each other as a minor irritant relative to
the effect conservation by do-it-yourselfers or Energy Service
Companies (ESCOs) can have on utilities’ loads. Gas and
electric utilities compete, sometimes bitterly, but loss of load
to each other is constrained by earlier investment decisions made
by consumers, consumers lack of capital, uncertainty about how
another fuel would affect bills, availability of gas pipelines,
and so forth.

To date, the adoption of conservation has been constrained
by uncertainty in performance, availability of measures, lack of
capital, and so forth. Will this continue to be the case?

Consider an environment in which utilities acquisition of
conservation lags, for whatever reason, while technological
progress puts inexpensive, high quality energy efficient
technology into customers hands. Customers can deploy these new,
cheaper, and higher quality conservation options through their
own initiative or spurred by marketing efforts of ESCOs acting as
a catalyst, possibly with ESCOs providing the investment capital.
We know that technology can develop quickly. One only has to
look at computer technology to see how quality can increase even
while costs decrease rapidly. Parenthetically, computers are and
will continue to an important element of many conservation
options.

Individual commercial buildings in Portland, Oregon have
achieved 45% energy savings using better lighting and energy
management systems. The lights and management systems are off-
the-shelf technology. Assume technology improves for all end-
uses. Utilities’ loads could conceivably fall by 50% in a short
period, if all measures were implemented. I suspect that this
outcome would hurt any utility, especially any that have surplus
power. Utilities can guard against this possibility by being an
active participant in providing efficiency improvements to their
customers. Is this scenario likely? If we were to assign a
probability to this vision of the future would it be 0%, 100%--or
somewhere in between. Can utilities afford to ignore this
possibility? Even, if the likelihood is far less than certain?



I suggest thnat they cannot and that utilities should take action
to protect themselves against such a possible outcome.

This argument may appear strange in that conservation
acquisitions have been happening slowly. However, before one
takes the position that large amounts of customer purchased
conservation will never happen, one should think carefully about
the whereabouts of carburetor makers.

One final word on conservation as a key resource in
planning. Other competitors will appear in the future that do
not currently exist. Consider retail wheeling, which would allow
any utility to compete for utilities’ native loads. Utilities
will probably compete for the largest often most inefficient
loads. If utilities can work with their customers to make them
as efficient as is feasible, it is more likely that a trusting
relation will be built and, possibly more importantly, the now
smaller load will not be as attractive a target for competing
utilities. On the other hand large, possibly inefficient loads,
will be vulnerable to outside competition, especially if
subsequent efficiency improvements are offered by the competing
utility. Again, the possibility of this future threat should be
pushing utilities to implement aggressive conservation programs
in their respective service territory and they should use these
programs to build a relationship of trust with their existing and
future customers.

SUGGESTED REGULATORY CHANGE

In order to encourage better risk management, I would recommend
one regulatory change. Regulators typically do not allow
utilities to spend more for power than the "avoided cost," which
is an outcome of the planning effort. However, if we think again
about insurance and other hedges against future catastrophes,
there is always a cost associated with them. Regulators and
utilities ought to think about the benefits of resources such as
renewables or conservation that have no associated fuel costs as
a way to avoid future risk, even though they represent higher
cost power today. Interestingly, this fits well within concerns
of utilities trying to protect against stranded investment in the
advent of competition. That is, imbedded resources like some
conservation and renewables that are an integral part of a
building will not be stranded by the next lower cost generator.
This also is the subject of another paper.

CONCLUSION

The future is highly uncertain and failure to account for
this uncertainty can be disastrous. I have suggested that
utilities adopt new planning techniques, in order to better
address these uncertainties.

Many suggestions have been made in this paper relative to
the risk mitigation properties of conservation. Most of the



suggestions have appeared before and have been incorporated since
the early 1980’'s into the planning done in the Northwest by the
Northwest Power Planning Council.

A new concern expressed in this paper is the potential risk
to utilities if they do not embrace conservation and take control
of it in their service territories. The risk is from
conservation done by customers themselves or through efforts of
ESCOs. Utilities can adopt aggressive acquisition programs to
protect themselves from ESCOs and other agents of conservation
deployment. Alternatively, utilities can work with their
commissions to adopt tariffs that make utilities indifferent to
who causes efficiency improvements to end-uses they serve. One
suggestion is to work towards a tariff that decouples profit from
sales by basing utilities’ revenues on the number of customers it
serves, instead of the number of Kwhs it sells.

Finally, there is another reason why utilities want the
loads they serve to be as efficient as possible. 1In parts of the
world utilities are now free to offer power to loads outside of
their historic service territory. It appears as though it is
only a matter of time before open access to customers will be a
reality in the U.S. The Federal Electric Reliability Council
(FERC) continues to consider rules to make open access a reality.
To the extent that loads are very efficient, and as a result
smaller, they should preseat a less desirable target to utilities
from another service territory.
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. INTRODUCTION

Concern about the environmental effects of electricity generation—particularly in relation
to carbon dioxide (CO,) and other greenhouse gases—has rekindled interest in promoting energy
conservation, Over the past decade, increasing numbers of electric utilities have implemented
demand-side management (DSM) programs to reduce their customers’ use of electricity, usually by
providing rebates to customers who purchase energy-efficient lights and other equipment. These
programs often are hailed as being highly cost-effective, with the savings in generation and
distribution costs exceeding the programs’ costs, even before one takes account of any environmental
benefits. As a result, advocates argue, DSM programs “make sense in their own right,” and should
be pursued as part of a “no-regrets” strategy. Some observers have even characterized many

conservation measures as “not a free lunch; it is a lunch you are paid to eat” (Fickett, Gellings, and

Lovins 1990, 67).

Not surprisingly, many economists have been skeptical of claims that DSM is a free
lunch, let alone one that you are paid to eat (see, e.g., Joskow 1990, Ruff 1988). As Alfred Kahn
(1991, 14) puts it:

The economist is forced irresistibly to question these estimates: if there are
such enormous opportunities available, why aren’t consumers taking
advantage of them? If the answer is lack of information, or lethargy, when
then aren’t thzre hordes of entreprencurs vying strenuously to overcome
these obstacles?

To economists skeptical of DSM, the answer to the questions posed by Kahn generally is that the
benefit-cost calculations used to show the efficacy of the programs are in error. Much of the
criticism has concerned the claims of large energy savings, the most dramatic of which are based on
engineering calculations, which often overstate actual savings (see Nichols 1992a and Nadel and
Keating 1991 for surveys of comparisons). Other observers point to the inconsistent and incomplete
reporting of costs by utilities (Joskow and Marron 1992). In contrast, supporters of DSM and
conservation more generally—many of whom are “technologists” trained in engineering or the
physical sciences—point to numerous “market barriers” that afflict energy markets and distort the
choices firms and households make.



For the most part, this argument has proceeded with the two sides talking past each
other. The technologists take their calculations as the starting point: if firms and households make
choices inconsistent with the calculations, the choices are wrong. Market barriers must be the cause,
but the technologists rarely try to demonstrate how DSM programs reduce such barriers, let alone
quantify the likely magnitudes of the distortions. On the other side, economists take market
outcomes as the key measure: in the absence of significant market failures, they assume that firms
and households behave in accordance with their own best interests. Thus, if customers will not adopt
an efficiency measure without a large subsidy, the technologists’ calculations must be in error,
overstating the benefits or understating the costs. The subsidy is not overcoming “barriers,” it is
simply paying participants enough to make their personal benefit-cost calculation positive.

This paper attempts to clarify the broader debate between economists and technologists
through the analysis of a specific set of DSM programs. The data are from programs offered in
1992 (the most recent year available) by Massachusetts Electric, a subsidiary of the New England
Electric System (NEES) and highly regarded for the quality of its programs and their careful

evaluation. Although we have analyzed a broader set of programs, this paper is further restricted:

to rebates offered to larger commercial/industrial (C/I) customers for the purchase of energy efficient
lighting.! C/I programs generally are regarded as most cost effective, and lighting rebates are by
far the most common approach. Thus, the programs examined represent what most DSM professions
regard as the current state of the art, applied to the most promising sector and measures.

We first analyze these programs from the technologist’s perspective, starting with the
net benefit measure used by the utility’s regulator and then applying the Total Resource Cost (TRC),
a “standard-practice” test (CEC and CPUC 1987) that is widely used by utility commissions and
others to evaluate DSM programs. We then re-estimate the net benefits for participants using a
standard economic measure, consumer’s surplus. Although the two approaches differ in their
estimates for only one of three groups affected, they yield radically different conclusions: the TRC
test concludes that the programs yield sizable positive net benefits, but the consumer’s surplus
measure shows a net loss. The remainder of the paper examines alternative explanations for this
large gap.

None of the analyses includes external benefits or costs associated with environmental
damages, in part because the estimation of the externalities caused by electricity generation is a

'See Nichols (1993) for an analysis of all of Massachusetts Electric’s 1991 programs, as well as those from
Central Hudson, a New York utility. See Nichols (1994) for 2 more detailed explanation of the analysis of the 1992
programs discussed here, as well as the results for the non-lighting portions of the C/I rebate programs. Of all of
the programs analyzed, the most cost-effective appear to be the C/I lighting programs. For the 1992 programs, the
estimated B/C ratio for the non-lighting portions is 1.58, as compared to the 2.51 value shown in column (1) of
Table 1 for the lighting programs.



complex and controversial task in its own right. More importantly, environmental damages are
irrelevant to the debate about whether DSM programs “pay for themselves” even before
environmental effects are considered.

Il. ALTERNATIVE ESTIMATES OF NET BENEFITS

Massachusetts Electric reported spending $43.5 million on DSM programs in 1992
(Massachusetts Electric Company 1993a, A-1). About 23 percent was spent on programs for
residential customers, with the remaining 77 percent spent on C/I customers through three programs:

o The Energy Initiative (EI) program provided rebates to larger C/I
customers who purchased approved energy-efficient equipment to
replace existing equipment.

®  The Design 2000 program provided rebates to C/I customers who
selected approved energy-efficient equipment for new buildings or as
part of a broader renovation of buildings.

®  The Small C/I program directly installed energy-efficient equipment
at no charge to small C/I customers.

The analysis in this paper is limited to the first two programs (EI and Design 2000), which accounted
for about two-thirds of expenditures on C/I programs. Within those two programs, we deal here
with only the lighting portions. Of directly attributable costs, lighting comprised 55 percent of EI
costs and 14 percent of Design 2000 expenditures. EI accounted for over 87 percent of the
expenditures on lighting under the two programs, and thus dominates our results.

A. The Utility Cost Test

The Massachusetts Department of Public Utilities (DPU) calculates the net benefits of
Massachusetts Electric’s DSM programs using the so-called Utility Cost test. The non-environmental
benefits are the present value (computed using a real discount rate of 5.52 percent) of the costs
avoided as the result of electricity conserved through the program; the avoided costs include
generation and transmission capacity (kW), as well as energy (kWh). The energy savings estimates
are based on statistical comparisons for the EI lighting programs and adjusted engineering estimates
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for Design 2000. Both include implicit or explicit adjustments for “free riders,” participants who
would have installed the efficiency measures even if the programs had not existed.? The costs of the
program are equal to the utility’s expenditures on administering the program and rebates to
participants. Column (1) of Table 1 shows the estimates made using the approach required by the
DPU. Based on those calculations, the lighting programs yielded net benefits of almost $14 million
in 1992, with an overall benefit-cost ratio of more than 2.5.

The DPU calculations do not include the costs of program evaluation or regulatory
incentive payments to the utility to encourage additional DSM. Excluding evaluation costs may have
been appropriate when the programs were small and experimental, but not anymore. Excluding the
incentive payments is appropriate if one believes they represent a pure transfer from ratepayers to
shareholders. However, the incentives are payments judged necessary by the DPU to elicit the
supply of DSM programs, so we include them as costs. In addition to these added program costs,
we adjust the avoided cost downwards to reflect projections of actual avoided costs, rather than the
levelized rates at which Massachusetts Electric buys its power from another NEES subsidiary.
Column (2) of Table 1 presents the revised values for the Utility Cost test. Overall, compared to

*The statistical analyses using a comparison group implicitly account for free riders. The other analyses
explicitly adjust for free riders based on survey responses. Free riders comprised about 6.1 percent of EI lighting
participants and 19 percent of Design 20C0 lighting participants. EI accounted for about 89 percent of the lighting
rebates.

Table 1. Alternative “Standard” DSM Tests of Net Benefits
Utility Cost Test TRC by Group
TRC Rate- Free New
Benefit (cost) component Original  Revised Total payers Riders Adopters
(N (2 (3) 4 (5) 6
1. Avoided cost $23.15 $21.04 $21.04 $21.04 NA NA
2. Non-rebate program costs ($0.86) ($2.88) ($2.88) ($2.88) NA- NA
3. Rebate payments ($8.35) ($8.35) NA ($8.35) $0.63 $7.73 :
4. Out-of-pocket measure costs NA NA ($§11.26) NA NA ($11.26)
5. Reduced bills/revenues NA NA NA ($20.56) NA $20.56
Quantified Net Benefits $13.93 $9.81 $6.91 ($10.75) $0.63 $17.03
Notes: All dollars in 1993 mullions.
NA = Not Applicable
Sums of componeats may not match totals due to rounding.
Parentheses denote costs.
Sources: NERA calculations based on Massachusetts Electric Company (1993a and 1993b).

5=



the original values, net benefits about 30 percent lower. However, they are still positive, with a
benefit-cost ratio of almost 2.

B. Total Resource Cost Test

The Utility Cost test deals only with changes in costs borne initially by the utility. The
TRC test provides broader coverage, including changes in costs borne by participants as well as the
utility, although it excludes environmental effects and other externalities.

Column (3) of Table 1 shows the net benefits of the lighting programs calculated using
the TRC test. As with the Utility Cost test, the benefits are equal to the avoided costs. The non-
rebate program costs also are the same as before. Rebates are not counted as a cost, because they
are a transfer from ratepayers to participants. The next line shows out-of-pocket measure costs,
which include total expenditures on efficient equipment by “new adopters™ (program participants who
would not have installed the measures without the progiam); in EI in 1992, the utility paid about
two-thirds of the cost of the lighting and its installation, while Design 2000 paid the full incremental
cost of the more efficient lighting. Free riders’ expenditures are not included, because they would
have been incurred even without the program. Estimated net benefits under the TRC test are $6.9
million, about 30 percent lower than with the adjusted Utility Cost test shown in column (2), and less
than half of the estimate based on DPU procedures.

The costs and benefits under the TRC test generally are not broken down by group.
However, such a breakdown is useful both to understand the distribution of benefits and costs and
to enable us to use consumer’s surplus to estimate net benefits for participants. In addition to free
riders and new adopters, we consider the gains and losses for “ratepayers,” assuming that any costs
and benefits reaped initially by the utility are passed along to customers in the form of changes in
regulated rates.’

The ratepayers’ net benefits are equal to the avoided cost, minus the full costs of the
program (including rebates) and the lost revenue associated with reduced consumption by new
adopters; in the nomenclature of standard DSM tests, this is the Ratepayer Impact Measure, or RIM
test. We estimate lost revenue based on current rates and projected reductions in capacity and
energy, and then compute the present value of those streams of savings. This procedure assumes
that rates will stay constant in real terms and (consistent with the TRC) that customers value cash

3Massachusetts Electric recovers costs automatically through special “Conservation Cost Factors™ that are
allocated by rate class based on expenditures (Massachusetts D.P.U. 92-217, January 29, 1993, p. 6).



flows using the same discount rate as the utility. Note that the costs avoided are almost entirely
offset by the loss in future revenues, so that ratepayers lose, on net, about $10.8 million.*

The net benefits for free riders are equal to their rebates, $0.6 million. New adopters’
net benefits are equal to their reduction in electricity bills (which is the mirror image of the
ratepayers’ loss in revenues), minus the net cost of the measures to them (i.e., their out-of-pocket
expenditures net of rebates). Their estimated net benefits are large, roughly $17 million, as shown
in column (7) of Table 1. Thus, the overall gain calculated under the TRC test represents a
substantial transfer from ratepayers as a whole to program participants.

C. Consumer’s Surplus

The TRC calculations for new adopters suggest that they receive $17 million in net
benefits as the result of receiving $7.7 million in rebate payments. That implies that for every $1
of rebate paid to new adopters, they receive an estimated $2.20 in value, despite the fact that they
must make purchases they chose not to make on their own. If these calculations are correct, the’
program is indeed “a lunch you are paid to eat.” However, they leave out at least three potentially
important factors:

1. Costs or benefits associated with the measures that are not paid
directly out-of-pocket, such as differences in quality, comfort,
reliability, or convenience, and time and other costs associated with
installation;

2. Costs or benefits associated with program participation, such as time
spent filling out forms or delays from waiting for inspections
required under the program; and

3. differences between the utility’s discount rate and that applied by
participants to their own cash flows.

Consumer’s surplus—a widely used measure of the gain to consumers from lower
prices—offers an alternative approach that implicitly captures most of these effects. The programs
being evaluated here operate primarily by subsidizing the price of conservation measures. Of the
$9.2 million spent on lighting programs exclusive of evaluation and incentive payments to the utility,

*“There also will be welfare effects due to changes in consumption in response to changes in prices. However,
these effects are second-order, and are very small here because prices are very close to avoided cost.



$8.3 million, or 90 percent, was spent on rebates. Only $50,000, or 0.5 percent, was spent on ¢.er
services provided by outside contractors. The remainder was spent on the utility’s internal
administrative costs, which v’ere unlikely to provide much value to participants.

Figure 1. Benefits and Costs for Recipients of DSM Subsidy

Price of Measure

Demand for Conservation Measure

Number of Measures Installed

Figure | illustrates the effect of a rebate on demand for a conservation measure. At
the initial price of P, customers purchase Q, units of the measure. With rebates, the price to
customers falls to P,, and the quantity purchased rises to Q,. The free riders are those who would
have purchased the Q, units of conservation measures without the subsidy. New adopters account
for the increase from Q, to Q,. The demand curve incorporates the net effect of a wide range of
factors that matter ‘o customers, including the present value ro the customer of reduced future
electricity bills. In addition, it reflects all of the customers’ perceived costs and benefits excepr the
out-of-pocket cost of the measure itself.> Thus, the demand curve represents the marginal value that
participants place on the conservation measure, holding constant factors other than the price of the
measure itself. These other factors shift the demand curve. For example, increasing the price of
electricity shifts the demand curve outward. Non-price attributes of the conservation measure also

These considerations include any value to the customer from “takeback,” which is not counted as a benefit
under the conventional TRC. “Takeback” occurs when customers increase their consumption of energy services
after the installation of conservation measures lowers the marginal cost of those services. For example, residential
customers may raise the thermostat setting once they have a more efficient furnace, because the effective price of
“heat” has been reduced. However, takeback probably is not an important factor for these programs.



are reflected in the demand curve; e.g., the less reliable customers perceive a measure to be, the
lower will be its demand curve. The demand curve also reflects consumers’ implicit valuation of
the transactions costs associated with adopting a measure; e.g., if an office must be closed or its
work disrupted when new, energy efficient lights are installed, the demand curve will be lower.

The area of the shaded rectangle A is the free riders’ net benefits; it is simply their rebate
(assuming no transactions costs due to the program itself), as in the conventional TRC test. The area
of the shaded triangle B gives new adopters’ net benefits, assuming rationality on their part; none
values the measure more than its original price (otherwise they would be free riders), and all value
it at more than its net price after the rebate (otherwise they would not be participants).

Figure 2. Comparison of Net Benefits Under Conventional TRC v, Consumer’s Surplus
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To estimate new adopters’ consumer's surplus, note that the area of the rectangle B + C
is equal to the subsidies paid to new adopters, nez of any transaction costs/savings due to the program
itself. For simplicity, we assume that the program transactions costs/savings net out to zero. Under
these assumptions, the new adopters’ net benefits are less than their rebates. Using a straight-line
approximation of the demand curve, their benefits are one-half of their rebate payments, or $3.9
million. As a comparison with Table 1 siiows, this estimate is less than one-fourth as great as the
value implicit in the TRC test ($17.0 million). If we substitute this value for that based on the
conventional TRC test, net benefits fall from a gain of $6.9 million to a loss of $6.3 million; the
gains for participants are not large enough to offset the losses to ratepayers. Figure 2 summarizes
the comparisons of the two approaches. The fact that net benefits are negative based on the
consumer’s surplus measure is neither surprising nor particularly interesting in itself. Given the



assumption of rationality on the part of new adopters, their gains (together with those of free riders)
as measured by consumer’s surplus will always fall short of ratepayers’ losses unless marginal cost
exceeds price by more than the subsidy. That is because the price already provides a signal to
consumers to reduce consumption of electricity.

lll. EXPLAINING THE GAP

The dramatic gap between the two estimates of new adopters’ net benefits represents the
core of the debate between economists and technologists about the cost-effectiveness of DSM. The
consumer’s surplus measure is based on new adopters’ preferences, as revealed through market
behavior; it assumes that customers are reasonably rational and well informed, and that the relevant
markets are not subject to significant failures. In contrast, the value implicit in the conventional
TRC test is based on the technologists’ “objective,” but incomplete measures of costs and beneﬁts..
The remainder of this section considers alternative explanations from both points of view.

A. Technologists: Market Barriers Make Consumer’s Surplus Too Low

Supporters of DSM programs are likely to make one or more of the following general
arguments, each of which suggests that our estimates of new adopters’ net benefits based on
consumer’s surplus are too low:

1. Misperceptions: The consumer’s surplus measure reflects inaccurate
assessments of costs and savings by participants, who systematically
underestimate the net benefits they will reap from the measures.

2. Other market barriers: In addition to poor information, markets for
energy efficiency are distorted by various institutional arrangements
that mean that those who pay for or make decisions about efficiency
investments may not reap the benefits of lower bills.

3. Additional value from reductions in market barrier costs: The low
adoption rates observed in the absence of DSM programs reflect real
costs and other barriers that face potential adopters. However, DSM
programs can eliminate many of these barriers.



1. Misperceptions

Many DSM supporters argue that households and firms are poorly informed about the
savings they could reap from more energy-efficient equipment (e.g., see Carlsmith et al. 1990).
Most early DSM programs focused on providing information, through broad education efforts (e.g.,
ads or billing inserts) or site-specific energy audits. The results, however, generally were
disappointing. Nadel (1990) reports that only about 7 percent of eligible households participated in
audit programs, and net energy savings for those audited averaged only about 3 to 5 percent. The
growth of rebate programs in large part has been in response to the very limited success of pure
information programs.

Figure 3. Benefits and Costs to Participants When They Underestimate the Value of the Conservation
Measure

Price of Measure

\"ane" Marginal Value

Number of Measgures Installed

Note that for the information argument to make a compelling case for rebate programs,
customers must consistently underestimate savings by a wide margin. If customers are merely
uninformed, they will make errors in both directions, and a rebate makes little sense. Figure 3
illustrates the effects if participants underestimate the value to them of the conservation measure.
The lower line labeled “Market Demand” is the same as shown earlier in Figure 1. However, the
true marginal value is given by the higher diagonal line, so the net gain is the area of the larger
polygon B + B’; the area of B’ represents new adopters’ underestimate of their own net benefits.
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We do not have any way of directly estimating the magnitudes of potential
misperceptions. However, for misperceptions to explain the gap, new adopters would have to
underestimate their own net benefits by a factor of 4.4, on average, which seems unreasonably high,
especially for programs involving relatively large C/I customers, for whom arguments about lack of
information or analytic capabilities are least persuasive. If one believes that these relatively large
businesses make highly irrational choices about well-defined and relatively simple options like
lighting, presumably one should believe that government programs could increase efficiency by
intervening in a wide array of businesses’ investment decisions, not just those related to energy.

It is interesting to note that a majcrity of participants indicated that they would be willing
to buy efficient equipment in the future without a utility program; for flourescent lamps and ballasts,
64 percent said they would, while only 31 percent said they would not. The percentages were
slightly higher for compact flourescents (HBRS 1993, Table 3.29). That finding—particularly when
compared to the estimated free rider rate of only 6 percent—may suggest that many participants view
efficient lights much more favorably after having a chance to use them and learn their characteristics

first-hand. However, these results are not consistent with other parts of the survey. As discussed-

below, questions about what share of costs participants would be willing to pay indicated that less
than 20 percent would be willing to pay even 75 percent of the cost themselves. Note also that 37
percent of the EI participants in 1993 had participated in the same program in earlier years (HBRS
1993, Table 3.4). In addition, 22 percent reported that they had participated in other utility
conservation programs (HBRS 1993, Table 3.15). If first-hand experience has a dramatic impact
on willingness to pay, the free-rider rate would be several times higher than it is.® One explanation
for these seeming contradictions is that the 65 percent who said they would buy the equipment on
their own may have been thinking of future decisions to replace the new equipment when it wore out
(e.g., burned out bulbs or ballasts), rather than retrofit decisions for other space. The economics
of the two types of decisions are radically different; retrofits require paying the full cost of
equipment, while replacements of worn out equipment involve only the incremental cost of efficient
equipment compared to standard efficiency units. [t appears that the contractor interpreted the
question in this manner, as it discusses the answers in connection with persistance (i.e., the extent
to which participants will keep measures in working order, replacing them with equipment of similar
efficiency when necessary).

*If 65 percent of the 37 percent who had participated in EI earlier were willing to buy the measures on their
own, the free rider rate would be 24 percent, four times higher than that observed.
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2. Other Market Barriers

In addition to misperceptions, advocates of DSM frequently point to various other
“market barriers.” A few of these barriers qualify as standard types of “market failure;” the
clearest examples are conventional externalities, primarily the environmental impacts of electricity
generation. Economists also recognize conservation programs as potential remedies when regulated
prices are less than marginal avoided cost, and it is not possible to raise prices (Nichols 1992b).
However, neither type of market failure is relevant to the gap identified here. We have excluded
environmental benefits from both sets of calculations, and we use avoided costs rather than prices
where appropriate. Moreover, for these programs, prices on average are almost identical to avoided

costs.

The other barriers generally invoked do not fit standard categories of market failure.
For example, the “landlord-tenant” problem often is cited as a reason for “too little™ conservation
(Ruderman, Levine, and McMahon 1987). However, its implications are not straightforward. Most

C/1 customers operate in space that they own. In rented buildings in which landlords pay energy

bills, tenants do not have fully appropriate incentives to conserve, but this problem is irrelevant to
the efficient equipment promoted by DSM programs. Indeed, in such cases landlords have a greater
incentive to make permanent changes, because tenants will nor undertake optimal changes in some
types of behavior; e.g., the less likely tenants are to turn off the lights, the greater the landlord’s
savings from more efficient lights.

There may be insufficient investment in conservation if tenants pay their own utility bills
and have short tenure: in those cases, neither the tenant nor the landlord may have fully appropriate
incentives to install efficient equipment (e.g., see Ruderman, Levine, and McMahon 1987).
However, even then the market will achieve efficiency if the parties have adequate information; for
example, tenants can offer to pay higher rents if the landlord installs efficient lights, or the landlord
can agree to lower the rent if the tenant makes long-lasting efficiency investments. The potential
problems are no different than those involved in any long-lived investment in rented space, such as
reconfiguring interior walls or putting in new carpet. To our knowledge, only one study has taken
a careful empirical look at the relationship between ownership of C/I space and the installation of
conservation measures, and it found no consistent effect; i.e., after controlling statistically for other
factors (such as building age), renter-occupied buildings were no less likely than owner-occupied
buildings to have conservation measures installed (Sutherland 1990).

As part of the EI evaluation, Massachusetts Electric surveyed participants, dropouts
(those who applied but then withdrew), and nonparticipants. For the nonparticipants, it computed
two different means, one based on the sampled group (“population”) and one with responses
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Figure 4, Comparison of Ownership Status for Participants, Dropouts, and Nonparticipants

Own .

Lease

Both

Manage

0% 20% 40% 60% 80% 100%
Percent

M Participants B Comparison [0 Population £] Dropout
Source:. HBRS 1993a, Table 3.45.

weighted by energy use to better match the participants (“comparison”). Figure 4 presents the
results regarding ownership. Roughly two-thirds (68 percent) of both the participants and the
unweighted sample of nonparticipants (“populaiion”) owned their buildings, compared to 91 percent
of the dropouts. The “comparison” group of nonparticipants also had a somewhat higher ownership
rate, 79 percent. Thus, potential landlord-tenant problems are irrelevant for most C/I customers
served by the utility. Moreover, there does not appear to be a strong relationship between ownership
status and participation. The final econometric equation used to predict participation in the EI
program does nor include ownership status as a variable, presumably because it was insignificant in
preliminary regressiuns. Similarly, the equation predicting savings also does not include ownership
status (RCG/Hagler, Bailly 1993, Tables 4-1 and 4-2).

DSM advocates often point to another problem of “split incentives,” which is that
contractors or architects and engineers, who are under pressure to hold down “first costs,” often
make ko decisions about the equipment to install (e.g., see Carlsmith et al. 1990).” Here again,
howevei , the “problem™ depends on building purchasers not having information on energy costs and

’Some more recent papers by conservation enthusiasts (e.g., Levine et al. 1994) make another, contradictory
claim: they argue that because fees for engineers are often based on a percentage of the cost of mechanical and
electrical systems, they do not specify cfficient equipment that “often™ has lower capital as well as lower energy
costs. Uf course. that argument is completely at odds with the first-cost argument, because first-cost considerations
then would favor efficient equipment.
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on contractors or architects/engineers not having the ability to inform buyers and command a
premium price when they install higher-efficiency equipment that the customers value. Moreover,
as with the landlord-tenant problem, this alleged barrier applies equally well to all building
components for which there is a tradeoff between capital and long-term operating and maintenance
costs, including roofs, carpeting and other flooring, and interior and exterior wall coverings and
finishes. There is nothing unique about energy costs in this regard. Moreover, studies of the
impacts of energy costs on hotsing prices suggest that savings from conservation measures are
capitalized at relatively modest discount rates and reflected in residential markets (Johnson and
Kaserman 1983 and Horowitz 1990). Presumably the C/I property markets are at least as
sophisticated.

3. Added Value Due to Reductions in Market-Barrier Costs

Some of the market “barriers” cited by DSM advocates constitute real costs, such as the
time needed to identify appropriate measures and reliable contractors. To the extent that DSM
programs can actually reduce these costs—as opposed to just masking them through a subsidy—the-
programs provide additional value not captured in the consumer’s surplus estimates. These potential
cost reductions lie at the core of the “Value test” developed by the consulting firm of Barakat &
Chamberlin (see Herman and Chamberlin 1992 or Chamberlin and Herman 1992 for conceptual
descriptions of the Value test). In response to an earlier analysis of Massachusetts Electric’s 1991
DSM programs using consumer’s surplus (Nichols 1993), the utility hired Barakat & Chamberlin to
apply the Value test (Herman and Schaffer 1993). In contrast to the estimates based on consumer’s
surplus, they concluded that all of the C/I programs provided positive net benefits (but only one of
the five residential programs did so).

Herman and Schaffer have not analyzed the 1992 programs, but we can develop a very
closc approximation ¢ the Value test. The Value test assumes that “market barrier costs” (MBC)
for new adopters are equal to their net benefits calculated using the standard TRC test, minus their
rebates. The conceptual rationale is that if new adopters are rational, their net benefits from the
measures in the absence of the program must be zero or less (otherwise they would have installed
the measures on their own). The next step is to estimate what fraction of the MBC has been
eliminated by the DSM program, based on a subjective assessment of the importance of various
“barriers” and the extent to which the program has reduced them. For the 1991 Massachusetts
Electric programs, Herman and Schaffer estimate that EI eliminated 60 percent of the relevant MBC,
while Design 2000 eliminated 40 percent. The Value test is roughly equal to the TRC test minus
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the portion of the MBC nor eliminated by the program.® Applying the 1991 percentages, the new
adopters’ net benefits from the 1992 lighting programs are $12.7 million, and the overall net benefits
are $2.5 million—still positive, but about 63 percent 'ower than with the conventional TRC test.

Figure 5. [Ilustration of Case in Which DSM Program Shifts Out the Demand for Conservation
Measures in Addition to Subsidizing Its Price
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In essence, the Value test assumes that in addition to reducing the price of efficient
equipment, the DSM programs shift out the demand curve by reducing MBCs, as illustrated in
Figure 5. Before the program, the demarnd curve is relatively steep and passes through the point
defined by P, (the unsubsidized price) and Q, (the free-rider quantity). The subsidy lowers the price
from P, to P,. However, the program also shifts out the demand curve because it reduces various
non-monetized MBCs; even if the price were not subsidized, other elements of the program would
increase demand from Q, to Q;. With the subsidized price and the other elements of the program,
customers demand Q,. We have assumed that the before and after points lie along a single demand
curve; i.e., the change in quantity is due only to the subsidy, and thus the gain in is the area of the
smaller shaded triangle, B. However, if the program has shifted the demand curve as shown, then

*In addition to the MBC, the Barakat & Chamberlin Value test adjusts for “takeback” and for second-order
welfare effects due to rate changes. However, Herman and Schaffer assume no takeback for the EIl and Design
2000 programs, and the second-order rate adjustments make a minimal difference in the results unless costs and
prices diverge greatly. The latter effect increases net benefits for the 1991 programs only slightly (e.g., $500,000
out of a total of $39 million for EDN; the effect for the 1992 programs would be even smaller, because lost revenues
are almost as great as avoided costs.
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the gain also includes the area of the larger shaded triangle B,® and our method understates the gain
to new adopters.

A survey of EI participants provides some insight into this issue. The utility asked
participants whether they would have participated in the program if they had been offered a smaller
subsidy. On average, participants paid 32 percent of the cost of the measures they adopted under
El in 1992, but that average conceals some variation. In the survey, participants were asked what
percentage they paid, and then whether they we-:ld have participated if they had been required to pay
25, 50, or 75 percent of the measures’ costs. At 25 percent (less than the average actually paid),
80 percent either had paid more, or expressed a willingness to do so. However, if required to pay
50 percent of the cost, only 42 percent said they would participate, and with a 75 percent cost-share,
only 19 percent would do so (HBRS 1993b, Table D-1). These questionnaires were administered
after the installation of the measures. Thus, although the question referred back to a decision made
prior to program particiration, presumably the answers reflected in part whatever demand shift the
program generated independent of the rebate.

Figure 6 plots the points from the survey and compares them to the demand curve us_ed-

to calculate consumer’s surplus for EI new adopters.'® Note that the demand curve based on the
survey lies below the demand curve we used. Thus, it does not appear consistent with claims that
the program generated the very large outward shift of the demand curve implied by the Value test.
Indeed, on net the programs may have reduced willingness to pay slightly, perhaps due to
transactions costs (such as filling out forms and delays while waiting for approval and inspections)
and restrictions (such as limitations on the equipment eligible for rebates). The average delay
between application and preapproval for the Design 2000 program was 91 days (RCG/Hagler, Bailly
1993, Exhibit 6-33). The process evaluation for that program also reported that the utility’s field
staff found that “the customer paperwork required by the Design 2000 program is exceedingly
difficult and almost always requires assistance” (RCG/Hagler, Bailiy 1993, 6.10). The EI process
evaluation does not report the average delay, but notes that the delay between application and
installation was one of the areas in which participants were least satisfied (HBRS 1993a, iii).

*Depending on the specific factors shifting out the demand curve, they also covid yield additional benefits for
free riders. For example, if the demand curve shifted out due to greater convenience, free riders presumably also
would gain.

1°The demand curve used to estimate consumer’s surplus passes through the original point, with a participants’
cost share of 100 percent and a participation rate of 6.1 percent (the free-rider rate for EI lighting) and the final
point, with an average participants’ cost share of 32 percent and a participation rate of 100 percent. This average
curve understates the subsidy required to attract all participants, because some of them had to pay substantially less
than the 32 percent average.
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Figure 6. Comparison of Demand Curve Used to Estimated Consumer’s Surplus and Demand Curve
Based on Participant Survey
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Oversubscription of the EI program also provides some useful information. Because the
first day’s applications outstripped the EI budget for the whole year, the utility stopped accepting new
applications and negotiated with applicants to reduce payments by reducing the subsidy per measure
or by reducing the number of measures installed. In 54 percent of the cases, the utility
representative suggzsted reducing the amount of equipment, and the same majority of participants
reported they took that path. Only 33 percent reported installing the same amount of equipment as
in the original application (HBRS 1993a, 44). These results are consistent with the willingness-to-
pay survey; for most participants, the rebate was the crucial factor.

EI participants also were asked to rank on a scale of 1 to 5 the importance of 10 different
factors to their cheice of equipment if they were purchasing it without a subsidy. Figure 7 shows
the percentage of participants ranking each factor 4 or 5 (“very important”). Virtually everyone (99
percent) ranked reliability that highly, with purchase cost and efficiency following next. In contrast,
the utility’s recommendation was ranked next to last, ahead only of the vendor’s recommendation.
Participants in Design 2000 were asked a series of similar questions, but focusing on the decision
to participate in the program: itself. The process evaluation reports results for six “selected” factors.
Based on the percentage of respondents ranking the factor 4 or 5, the “utility’s credibility” ranked
fourth, just behind the ease of participation, but well behind cost savings and the size of the rebate
(RCG/Hagler Bailly 1993, Exhibit 5-14). Thus, it does not appear that the program provided
guidance or information (as opposed to cash subsidies) that the participants valued highly.
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Figure 7. Percentages of Energy Initiative Participants Who Ranked Various Factors as Important in
Decision to Install Efficient Equipment
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B. Economist’'s View: TRC Overstates New Adopters’ Net Benefits

Economists who are skeptical of DSM programs are likely to offer explanations for the
gap along the following lines, both of which suggest that the TRC estimates of net benefits are too

high:

1. Omitted real costs: The consumer’s surplus measure reflects some
real costs that matter to cusromers but that are not captured in the
conventional TRC test.

2. Inappropriate discount rates: The TRC test discrunts all costs and
benefits using the utility’s 5.5 percent discount rate, which is likely
to be lower than the rates used by most participants to evaluate their
own cash flows.

1. Omitted Real Costs

The conventional TRC test assumes that the equipment installed by the DSM program
is equivalent to the less-efficient alternative in every way except its efficiency and initial price.
However, there may be differences along other dimensions that are important to customers. For
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example, customers may have legitimate concerns about reliability; in addition to repair costs,
malfunctions in lighting (or air conditioning or motors) may be very disruptive, causing sizable losses
in production or sales. As noted above, E! participants rated reliability as the most important factor
in their decisions. Similarly, in a report on the potential for conservation, Carlsmith et al. (1990)
report that the largest barrier among commercial customers is “risk management,” by which they
mean a concern that devices will not work as well or as reliably as current equipment.

The surveys of EI participants show that generally they were very satisfied with the
program. However, 19 percent of those who installed efficient fluorescent bulbs and ballasts (by far
the most common measures) were not satisfied with quality or performance, with performance
problems the most frequent source of dissatisfaction (HBRS 1993a, 40). On-site inspections alsn
found that at least some ballasts were faulty at 8 of the 35 sites inspected (HBRS 1993a, 19).
Although these results suggest that a large majority of participants was satisfied, the costs of failure
or replacement may be large enough relative to energy savings that even modest probabilities of
problems significantly affect the expected value.

For the retrofits conducted under the EI program—where the alternative is doing
nothing—at a minimum the installation process itself is likely to cause some disruption. Nadel (1990,
8.196) notes that one “barrier” to industrial conservation is “concerns about shutting down process
lines in order to install new equipment (the value of a singlz day of production can equal an entire
year of energy savings).” Unfoitunately, neither participants nor vendors wzre asked about the time
required for installation, or the disruption it may have caused. However, the lighting projects
involved in both programs were fairly small, so even if the unmeasured costs were small in absolute
terms, they could be large proportionally. In the Design 2000 program, the average lighting rebate
for participants who installed one or more lighting measures was less than $6,400 (Massachusetts
Electric 1993a, 111-2).!' If applying for rebates caused even small delays in the overall
new-construction or remodelir.g proiect, that cost would rise by a significant fraction. The number
of El participants who irstalled lighting measures is unknown, but the average rebate for all
measures was less than $16,000 (Massachusetts Electric 1993a, 1V-2), which implies a total average
project cost (including participants’ own net expenditures) of about $24,000, or less than $200 for
each of the 122 employees at the average EI site (HBRS 1993b, Table C-5). Thus, even if the
average disruption caused by lighting installation was valued at only $100 per employee (i.e., the
equivalent of several hours of fully loaded average wages), these unmeasured costs would add 50
percent to the total.

1'$6,379 = $880,252 lighting rebate/138 lighting customers. 138 lighting customers derived from 41 percent
of 336 Design 2000 customers who 1nstalled lighting measures (Massachusetts Electric 1993a, Appendix D, 4.10).
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2. Inappropriately Low Discount Rates for Participants’ Benefits

As noted earlier, the TRC estimates are based on a 5.5 percent real discount rate.

However, that rate is likely to be far lower than the discount rates used by customers to evaluate
their own costs and benefits. Numerous studies have reported that firms and househoids use very
high implicit discount rates to evaluate energy-saving projects (e.g., see Hausman 1979). Most of
these estimates are questionable, because effectively they assign all of the gap between engineering
esiimates and observed behavior to the discount rate, ignoring other factors (including overly
optimistic engineering estimates) that may be reflected in decisions (Nichols 1992b). Nonetheless,
most observers would agree that firms generally use higher internal discount rates than 5.5 percent
after accounting for these other factors.

Private companies typically use higher discount rates to evaluate all capital projects, not
just those selated to energy conservation, particularly in dealing with smaller projects decided at the
plant level. Ross (1986), for example, reports that a 1981-82 survey of 12 large firms by the

Alliance to Save Energy found that even firms with flexible capital budgets required that projects.

| pass “hurdle” rates of about 6 to 9 percent real. The survey also found that most of the firms
surveyed imposed capital budget constraints, so that capital projects had to compete with one another
for limited funds. Although such firms did not have fixed, formal hurdle rates, funded projects
generally had high rates of return, with the de facto real hurdle rates ranging from a low of 7 to 17
percent for very large projects decided at the corporate level to a high of 27 to 52 percent for very
small projects (those less than $100,000) decided at the plant level.'2

In a recent paper on barriers within firms to conservation investments, DeCanio (1993)
cites the results of an unpublished survey in which chief executive officers (CEOs) if several hundred
cornpanies reported the hurdle rates they use. The reported rates averaged 12 percent (real), which
Decanio argues is too high in relation to the historical average real return of 7 percent on corporate
equity. Both of these rates are after tax; assuming 15-year lives, a marginal corporate income tax
of 34 percent, and straight-line depreciation, the corresponding before-tax rates (which are relevant
here) are 17 percent for the average response and 10 percent for the historical average return on
equity, both well above the 5.5 percent used here in the TRC.

DSM advocates generally argue that the utility’s discount rate (based on some average
cost of debt and equity) is the appropriate one to use for evaluating all costs and benefits. However,
the benefits at issue here are reaped by program participants, so that it is more appropriate to use

"ZRoss reports nominal discount rates, which we convert to real assuning 8 percent inflation (the average rise
in the implicit GDP deflator from 1979 to 1982. However, this downward adjustment may be too large, because
this period had unusually high inflation, and CEOs may well have had lower expectations of future inflation.
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their own discount rates for similar projects. Moreover, modern finance theory tells us that the
appropriate discount rate is project specific, not some overall firm-wide average (e.g., see Brealey
and Myers 1984, ch. 9). Simply changing which company pays for a project does not change the
appropriate discount rate to use in evaluating it. [f it did, presumably we would conclude that
utilities (or better yet, tax-exempt state agencies) should make most investments in the economy.

In addition, Hassett and Metcalf (1992 and n.d.) show that even relatively small discount
rates for decisions under certainty can lead rational decision makers to apply much higher hurdle
rates to energy efficiency retrofits (such as those under the Ei program) because of uncertainty about
future energy prices. The effect of uncertainty in their analysis is nor due to risk aversion, but rather
reflects the asymmetric commitments involved; installing a retrofit measure locks the customer into
a particular investment, while delaying leaves future clioices open."’ As a result, a rational decision
maker will require a higher rate of return before replacing an existing piece of equipment with a
more efficient one. Based on observed price volatility in heating oil prices from 1955 to 1981, they
estimate that a S percent real discount rate under certainty leads to a real hurdle rate 4.23 times
higher, or more than 21 percent. If data from 1960 to 1981 are used, the multiplier is even”
higher—7.65—resulting in a real hurdle rate of over 38 percent. Although prices for electricity are
considerably less volatile than those for heating oil, the same general issues apply.

3. Breakeven Values

We do not have the information needed to quantify the unmeasured costs or to estimate
the participants’ discount rates for these specific projects. However, we can easily estimate what
combinations of alternative assumptions close the gap, as shown in Figure 8. The horizontal axis
is the discount rate used to compute the present value of net benefits for new adopters under the TRC
test. The vertical axis represents unmeasured costs as a percentage of new adopters’ out-of-pocket
costs (including costs covered by the rebates). The highest curve, labeled “TRC for New Adopters
= CS,” shows the combination of discount rates and unmeasured costs for which the TRC estimate
of new adopters’ net benefits is equal to the consumer’s surplus estimate ($3.9 million).'* Points

“The intuition behind this result is straightforward. If the firm waits, it can see whether energy prices go up
or down. If they go down, not installing the measure was the right decision. If they go up, the firm can install
the measure in the future, and the only loss is the savings that could have been reaped during the waiting period.
The incentive to wait is further strengthened if the real price of conservation measures is falling over time. This
argument, however, does not apply to new buildings or replacements of failed equipment; in those cases, some
investment must be made, so the asymmetry is much smaller, if not nonexistant.

"“Note that although unmeasured costs (as perceived by new adopters) and discount rates are both reflected
implicitly in the consumer’s surplus measure of net benefits, changing their values here does not affect our estimate
of consumer’s surplus.
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below that curve represent combinations for which the TRC estimate is higher than consumer’s
surplus. At the 5.5 percent discount rate used by the utility, the TRC estimate of net benefits for
new adopters is equal to the consumer’s surplus estimate only if the additional costs are 117 percent
of the out-of-pocket costs. On the other hand, if the discount rate is 15 percent, the additional costs
need to be only 36 percent of the out-of-pocket costs for the two approaches to yield the same value.
At a discount rate of 20 percent, the additional costs need to be only 15 percent of out-of-pocket
costs. Thus, the gap between the two estimates may well represent participants’ somewhat higher
discount rates in combination with the omission of some additional participants’ costs from the TRC
test.

Figure 8. Alternative Combinations of Discount Rates and Unmeasured Costs that Yield Three Critical
Values for TRC Estimates of New Adopters’ Net Benefits

Unmeasured Costs as Percentage of Out-of-Pocket
200%

Utility's discount rate

150%

TRC for New Adopters = CS
100%

TRC New Adopters w/o
Program = 0

N

0% . -
0% 5% 10% 15% 20% 25%

Discount Rate

The lowest curve, labeled “TRC = 0,” shows the combinations of values for which the
new adopters’ net benefits under the TRC are large enough ($10.1 million) for the overall TRC test
(including ratepayers losses and the small gain to free riders) to just break even. Points above that
line represent sets of parameter values for which the TRC test is negative. These values are
substantially smaller than those required to bring the TRC estimate into line with the consumer’s
surplus estimate. For example, at a discount rate of 10 percent, net benefits under the TRC test fall
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below zero even if new adopters’ unmeasured costs are only 13 percent of out-of-pocket costs.'* At
slightly higher discount rates, overall net benefits are negative even if there are no unmeasured costs.

The middle curve, labeled “TRC New Adopters w/o Program = 0,” shows the
combinations of discount rates and unmeasured costs such that the present value of new adopters’
net benefits under the TRC are equal to their rebates ($7.7 million); i.e., with higher discount rates
or unmeasured costs, the TRC does not show large enough benefits for new adopters (on average)
to cover the full out-of-pocket costs of the efficient lights. Thus, for example, if new adopters
evaluate their net benefits using a 15 percent discount rate, unmeasured costs of just 2 percent are
sufficient to make purchase of the lights unattractive without a subsidy. This calculation assumes
that if new adopters purchased the lights on their own, all of the non-rebate costs (i.e.,
administration, evaluation and the incentive payment to the utility) could be avoided.

IV. CONCLUDING REMARKS

Figure 9 presents estimates of the net cost of the lighting programs per kWh saved
(which have a present value of 326 million kWh, using a 5.5 percent discount rate) based on the five
methods of computing net benefits presented in this paper:

l. The original estimate using procedures set by the Massachusetts
DPU, which is a variant of the utility cost test;

2. An adjusted utility cost test, including the costs of evaluation and the
incentive paid the utility, and substituting the projected actual
avoided costs for the levelized values used in the original;

3. A conventional TRC test, which includes costs borne by new
adopters and nets out subsidies paid to free riders in rebates or
services;

4, Barakat & Chamberlin’s “Value test,” which modifies the TRC test
to account for market barriers; and

Note that ratepayers as a group also may use higher discount rates to evaluated future ~hanges in rates, which
would alter the present value of their net losses. However, the programs’ costs are expensed immediately, so
discounting is irrelevant, leaving only the gap betwe=n lost revenue and avoidrd costs, which is very small. Indeed,
higher discount rates reduce that gap and eventually drive it to the opposite sign.
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5. A calculation that uses consumer’s surplus to estimate the net
benefits for participants.

F

Figure 9. Comparison of Alternative Estimates of Net Benefits of C/I Lighting Programs
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The first estimate is based on the “official” one used to compute the utility’s incentive payments.
That estimate also is the one most widely circulated and that provides the greatest support for the
claim that DSM “pays for itself.”'® It also yields the largest net savings, about 4.3¢/kWh,
However, it omits some costs borne by ratepayers, overstates avoided costs, and ignores altogether
coste borne by participants. Most DSM professionals would agree that the TRC test gives a more
appropriate measure of net benefits from a social perspective (leaving aside environmental
externalities). It also shows a negative cost—2.1¢/kWh—but one less than half of the original value
calculated for the DPU. That net savings conceals a significant cross subsidy from ratepayers as a
whole to program participants. It also implies that these relatively large firms passed up investments
that would have returned $2 for every $! invested. In contrast, the last estimate is based on
consumer’s surplus, which assumes that new adopters on average get only $0.50 in benefits for each

'®[n its report on the 1991 programs, Massachusetts Electric (1992) reported estimates based on this approach,
with and without additional values based on environmental externalities. Following our earlier analysis (Nichols
1993), the 1992 program report (Massachusetts Electric 1993) also includes calculations adding in evaluation and
incentive costs. Utility officials also have told the author that they use a version of the TRC test in deciding which
programs to offer, but these results are not reported in the final report.
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$1 in subsidy, because they are required to purchase equipment they would not otherwise buy. As
a result, the consumer’s surplus estimate of net benefits for new adopters is less than one-fourth as
great as that implicit in the TRC test, and the net overall cost is about 1.9¢/kWh saved.!” That net
cost may or may not represent a good deal for society in terms of environmental benefits, but it is
not a free lunch.

We have explored several alternative explanations for the gap between the TRC estimates
and those based on consumer’s surplus. DSM supporters argue that consumer’s surplus understates
the real net benefits reaped by new adopters, as the result of one or more of the following reasons:
(1) customers systematically underestimate the gains from efficient lighting; (2) various market
barriers, such as landlord-tenant relationships, mean that those who invest in efficiency are not
always the same as those who reap the savings; or (3) our method for computing the change in
consumer’s surplus does not properly account for benefits provided to participants by the programs
beyond the subsidies. Upon closer examination, however, none of these explanations holds up very
well, particularly for these programs, which emphasize rebates rather than the provision of
information or other services, and which are aimed at relatively large C/I customers, who are likely:
to be relatively sophisticated and to own the buildings they occupy.

On the other hand, the gap can be explained fairly readily if one uses somewhat higher
discount rates to compute new adopters’ net benefits under the TRC test and there are nontrivial
unmeasured costs associated with installing the more efficient equipment, particularly for retrofits.
The TRC measure of new adopters’ net benefits falls to the level of the consumer’s surplus estimate
with a discount rate of 15 percent (rather than the 5.5 percent rate used by the utility) if transactions
and other unquantified costs add just 36 percent to the out-of-pocket cost of the measures. These
values seem quite plausible, especially for the El retrofits, which clearly involve some disruption and
inconvenience. Moreover, the programs fail to yield positive overall net benefits with even smaller
valuss; at a discount rate of 10 percent, the ratepayers’ losses outweigh the participants’ gains even
if the new adopters’ unmeasured costs are only 8 percent of out-of-pocket expenditures.

As with any case study, generalizing from a sample of one is risky, especially when the
case is not representative, as is true here. However, as discussed in the Introduction, any biases due
to the specific utility or the type of program analyzed here are almost certain to be faverable to DSM
as typically practiced in the real world. By all accounts, Massachusetts Electric is among the best
and most experienced practitioners of DSM, and the types of C/I lighting rebate programs analyzed

"Note that these are net costs that already account for avoided costs. The avoided cost for these programs
averages 6.45¢/kWh. Thus, the net saving of 2.1¢/kWh under the TRC tesi corresponds to a gross cost of
4.3C/kWh per kWh saved. Similarly, the net cost of 1.9¢/kW h under tix: consumer’s surplus measure corresponds
to a gross cost of about 8.4C/kWh saved.
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here generally are believed to be the most cost-effective and easiest to implement. Thus, at a
minimum the results suggest that the widespread perception that DSM programs are free lunches
along the path to reduced emissions of greenhouse gases and other poliutants generally is not correct.
Those rosy assessments rest on “standard tests” that use incomplete measures of costs and ignore
conflicting market-based information.
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We recently published a
study of energy conserva-
tion programs that have been un-
dertaken by a sample of U.S. elec-
tric utilities.! We found that the
costs of saved energy reported by
utilities are typically significantly
higher than well-known technical
potential studies would suggest
and that, furthermore, the re-
ported costs are likely to be under-
estimated due to various prob-

energy savings measurement.
The large number of comments
we have received on our study,
coupled with the appearance in |
the literature of some related re-

search efforts, indicates the desir-

| ability of additional examination

and discussion of the costs of
saved energy associated with util-
ity conservation activities. To fos-
ter this discussion, this paper will
respond to some of the criticisms
we have received and will com-
ment on three recent studies: an
examination of 40 “successful”
DSM programs by Flanigan and
Weintraub,® a review of overall
conservation prograrn costs at 12
utilities by O'Neill,” and a recent
evaluation of the Bonneville

| Power Administration’s (BPA)

Residential Weatherization Pro-

|
|

gram.! The latter program isespe-
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most significant critficisms of our
eartier work.

[. Our Original Study

As a prelude to our discussion,
it is userul to review our original
stucy. [ts objectives were to meas-
ure the costs and energy savings
shat utiiity conservation programs
are actuallv achieving, to compare
these results to frequently cited
“technical potential” (TP) studies
such as those of the Rocky Moun-
tain Instute (RMI) and the Elec-
tric Power Research Institute
(EPRI),? and to determine
whether udlities are accounting
for and measuring costs and en-
ergy savings in wavs that are con-
sistent with sound economic and
regulatorv accounting prindiples.

To perform our study, we se-
lected a group of electric utilities,
many of which are regarded as
leaders in conservation initiatives,
from which we sought all rele-
vant inforrmation about recent,
current, and planned conserva-
tion programs. The information
we received primarily covered
programs in 1990 and 1991, with
some projections for future years.

We found conservation costs re-
ported by utilities to be signifi-
cantly higher than the projections
embodied in the RMI and EPRI
analyses. Overall program costs
reported by the ten utilities in our
sample ranged from 1.9 to 6.9
cents per kWh (in 1991 dollars),
with an average of about 3.4 cents
per kWh saved — about 30%
higher than the overall EPRI esti-
mate of the cost of technically

available conservadon 2.0 cents;
and almost 3C0”» higher than the
overall RMI estimate i0.0 cents).
For residential programs the aver-
age reported costs ranged from
3.5 cents to 22.1 cents per kWWh,
while for commercial, industrial
programs, the range was 1.5 cents
to 6.7 cents. Costs reported for in-
dividual program components
(e.g., lighting, motors, etc.) varied
from a fraction of a cent to 51.81
per kWh saved ror residential pro-
grams and from a fracion of a
cent to 18 cents per k¥Wh saved for
commerdal/industrial programs.

Our analysis suggests
that utilities often
understate program
costs and overstate
program energy savings.

Reported costs exceed those of
RMI’s and EPRI’s TP analyses be-
cause utilities report at least some
administrative costs (overhead,
program monitoring and evalu-
ation, marketing, administration,
etc.) that are either ignored (RMI)
or understated (EPRI) in TP analy-
ses, because some utility pro-
grams have measured savings
that fall significantly below ex ante
projections of the kind that are in-
corporated in TP studies, and, in
the case of the RMI study, because
estimates of costs and perform-
ance are excessively optmistic, re-
lving on uncertain technologies

comumercal market excenence.

The iarge variance in Costs is, :n
art, due to large differences in

cost accounting and erergy sav-
ings estimation techruques em-

olovad by udlides.

While the costs that we com-
puted exceed TP projections, at
least on average these costs ap-
pear, at {irst blush, to be quite iow
compared to tvpical long-run mar-
ginal supply costs in the 3 to 7
cents per kWh range. As a result,
some people have interpreted our
results as demonstrating that
these programs are cost effectdve.
However, as we emphasize in our
study, it would be imprudent to
rush to this judgment withourt ex-
amining further the quality of the
cost and energy savings infortna-
tion reported by utilities. Cur
analysis suggests that utilities
often understate program costs
and overstate program energy
savings; as a result, reported costs
of saved energy are often too low.

n the cost side, many utili-

Oties fail to track fully the
administrat™ve costs of their pro-
grams. Others fail to measure the
costs incurred by program partici-
pants who bear a portion of direct
costs as well as a variety of real
transaction costs. On the electric-
ity savings side, many utilities
base their savings estimates on ex
ante engineering projections of
savings (like those of the TP stud-
ies) rather than ex post evaluations
of actual changes in consumption.
Utilities and independent analysts
that have undertaken careful ex
post evaluations often find actual
energy savings to be far below
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ongnal proiecdons. Energy sav-
:Ngs esdmates mav also oe too
nign pecause udiites, and TP
analyses, relv upon engineering
lifedmes for equipment rather
than econornic lifedmes; engineer-
ing lifedmes mayv be too iong be-
cause economuc criteria orten lead
"0 the retirement of devices before
the end of their engineering lives.
Finally, energy savings may be
too high when free riders are ig-
nored.”
For all these reasons, we found
that utilities tend. on average, to
report conservation costs that are
too low and energy savings that
are too high. As a result, the re-
ported costs per kWh saved are
svstematicallv lower than the ac-
tual costs. While it is impossible
to know exactly how large the un-
derstatement is, we would not be

surprised if it were a factor of

about two, on average. In addi-
tion, the experience of utilities
with carerul measurement pro-
grams indicates that the magni-
tude of energy savings achievable
throveh utility programs is sub-
stantially smaller than indicated
by the TP studies.

II. Criticisms of the Study

Almost no one who offered
comments on our study ques-
tioned the validity of the compu-
tations that we presented. Many
people agreed that the cost ac-
counting and energy savings
measurement issues that we iden-
tified are indeed significant prob-
lerns that need to be addressed
more comprehensively. There
was also broad agreement that the
actual costs per kWh saved in uil-

ity conservazdon programs are sig-
nificand ~:zher than the most op-

ISTC 1T esumates that are fre-
quently cted in the media, before
state reguiatory agendes, and in
other government forums. With
one excepuon (Amory Lovins),
evervone agreed that the Lovins,
RMI numpers, in paracular, drasd-
cally uncerstate the true costs of
energy conservation programs.

Most of tne criticism we re-

ceived focused instead on three
issues:

Nearly everyone
agreed that the .
Lovins/RMI numbers
drastically understate
the true costs of energy
conservation programs.

(1) Is it appropriate to compare
the TP studies to the experience of
a sample of utiliies?

(2) Are the utilities in the sam-
ple representative of current util-
ity experience?

(3) And, most important, are
our results indicative of the future
performance of utility programs?

A. Is This An Appropriate

Comparison?

Some commentators objected to
the comparison of aggregate TP
projections with the performance
of a sample of utility programs; in
their view, this comparison suf-

ters from the familiar fallacy of
comparing “2ppies and orang=s.
Leaving aside the repre-
sentativeness of our sample,
which we consicer below, we be-
lieve that the comparison 1s com-
pletelv appropriate. The TP stud-
ies have been wideiv displaved in
policv circles and 1n the media as
guides to the need ror and cost of
policy Intervention on the de-
mand side of the electriaity mar-
ket. Indeed, the National Acad-
emy of Sciences developed and
relied on TP studies of this kind in
its proposals for policies toward
global warming.® The actual per-
formance of programs that have
been developed in response to
these projections is the best basis
for determining whether current
policies are clivering the prom-
ised benefits.

B. Is the Sample
Representative?

It has also been argued that our
study is based on an unrepresen-
tative sample of “immature” con-
servation programs. Amory
Lovins, for example, charges that
our numbers are based on a small,
“unscentific” sample of utility
programs that are “dubiously rep-
resentative” and “often inferior in
design or execution to modem in-
dustry norms.” Lovins offers no
examples ot the more repre-
sentative utility programs that he
had in mind. The implication of
this criticism is that if we had ex-
amined a more representative
sample of utility programs we
would have come up with differ-
ent results.
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This Sitcism s simply uniain
Several of the unlices in cur sam-
ple have had conservation pro-
grams in place, especially for resi-
jendal customers, for nearly a
decade (e.g., Long [sland Light-
ing). Others are orten pointed 0
1s conservation leaders in the util-
it industry (e.g., Central Malne
Power, Massachusetts Electric,
and PG&E). Furthermore, more
than half of the utilities in our
sample have programs (what we
call subprograms) identified by
Flanigan and Weintraub as being
among the most successful in

- North America. To the extent that
- our sample is biased it is probably

biased toward the more mature

~ and highly regarded utilities in

the country. As a result, the criti-
dism that we have not examined
utilities with good programs is
not supported by any credible evi-

! dence.

C. will Utility Programs
Perform Better in the Future?

Several commentators have sug-
gested that while our evidence
may be representative of what
happened in the past, it is not rep-
resentative of how utility conser-
vation programs will perform in
the future. They argue that utili-

. ties are getting better at the conser-
" vation business, accounting for all

costs more systematically, and
measuring energy savings and
free riders more accurately. Better
information, learning by doing,
and economies of scale, itis ar-
gued, will help to drive down the
costs of utility energy conserva-
tion initiatives over time.

\\e are optimusts and are in-
Jlined to relieve that things wil

. getalot better in the ruture if ugdli-
" tes and regulators respond to the

lessons learned from experience.
Moreover, discussions that we

~ nave had with people assodiated

with some utlity programs sug-
gest that there is now a lot more
sensitivity to the issues that we
have raised. Some utilities are
paving more attention to cost-ac-
counting issues, introducing and
refining protocols to meastre sav-

The criticism that we
have not examined
utilities with good
programs is not
supported by any
credible evidence.

ings actually achieved, and evalu-
ating the evolution of the rmarket
to account for free riders. How-
ever, we have not seen any cred-
ible systematic study of utility
programs to suggest that the cost
accounting and energy savings
measurement problems we identi-
fied have been addressed by the
bulk of utilities or that the bottom
line on the cost of saved energy is
any different from what we found
inour study. Thebest that we
can sav is that it is too early to tell.
As we suggest in Secton IV,
which examines one ot the oldest
and best-documented programs

reasons to believe it will become
easier to achieve cost-effecqve en-

in the country, while there may e

~ ergy savings in the future, there

are at least as many reasons to be-
lieve savings will come at an even
higher price than now.

I1I. Related Research

In recent montns, a number of
studies have appeared regarding
the cost and performance of util-
ity conservation programs. In par-
ticular, two studies published in
this journal have reviewed the
performance of samples of utility
programs. We believe that itis
useful to comment on these stud-
ies in light of the results of our
own research.

A. Successful DSM Programs:
Flanigan and Weintraub

Ted Flanigan and June Wein-
traub (F&W) recently reviewed 40
“successful” DSM programs (13
of the programs on the list were
selected from utilities in our sam-
ple).!® Half of these programs are
from U.S. investor-owned utilities
(on which our study focused) and
the other half are from munidipal,
state, federal, and Canadian utili-
ties and agendes (which we did
not examine). Since F&W include
more than one program (what we
call sub-programs in our study)
for some utilities, programs for 10
U.S. investor-owned utilities are
included in F&W’s study.! While
their review considered a broad
variety of program attributes, the
most important results, at least in
terms of our own research, are
those regarding the costs of saved
energy and the quality and consis-
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tencv of data reported bv utilities
in calculazng these rigures.
In general terms, F&W’s find-
ings appear not very different
from our own. In terms of the
cost of saved energy, F&W find
that figures reported by utilities
varv widely, from a fracton of a
~ cent to neariv 12 <ents per kWh,
with a simple average of about 2.6
cents. Since F&W prescreened
their sample for successfu! pro-
grams (which we did not) and ex-
* cluded customer costs from their
computations, it is not surprising
that their reported average is
lower than that of the programs
in our sample, and that the cost
- variance is significantly smaller,
since the unsuccessful programs

- that have not been included are
likelv to be relatively high cost.}?
&W recognize that proper

"L accounting for actual energy
savings achieved by programs is
very important, that the care with
which savings are measured var-
ies widely across utilities, arid that
“...just when you think you've
got significant levels of savings,
you unfortunately may not!”"
They comumend two utilities for
doing an excellent job in measur-
ing actual net savings. One utility
“takes credit” for 56% of engineer-
ing estimates; the other, 28%.
F&W say that “caution must be
taken to determine whether sav-
ings are based on engineering esti-
mates ... or whether process and
impact evaluations have been con-
ducted, and whether the savings
have been adjusted for free rider-
ship, unusual weather, snapback
..., measure persistence and attri-

tion, etc.”** Our papers make es-
sentialiy the same points.

F&W also appear to recognize
that the costs reported by the utili-
ties in their sample are not di-
rectly comparable because the
utilities pay different fractions of
the total cost of the conservation
measures incuded in the pro-
grams. Indeed, F&W report only
the costs incurred by utilities, con-
sdously ignoring customer costs,
which they recognize may be

Unfortunately, these important
points are ignored in F&W's
analysis of “low-cost energy sav-
ings.” Meaningful measurement
of the cost of energy saved by util-
ity conservation programs should
include all of the utility and cus-
tomer costs incurred in connec-
tion with the programs. It should
also reflect accurate measurement
of the actual energy savings
achieved. The cost of saved en-
ergy figures reported by F&W in
their Figure 3 generally satisfy nei-
ther of these criteria and are easily
subject to misinterpretation. In-
deed, Peter Miller of the Natural

Resources Defense Coundil, an-
other critic of our work, nas
pointed to e F&W study as
showing that these programs are
“exceptionally cost-effective.” "

Such a cost-effectiveness conclu-
sion cannot be drawn from the
F&W figures because, as with the
numbers reported in our study; it
is likely that they significantlv un-
derstate true program costs. Al-
though some programs in their
sample have emploved carerul ex
post measurement of savings,
many are still based on ex ante en-
gineering estimates of energy sav-
ings which, as we have discussed
and F&W themselves appear to
confirm, are likely to be too opti-
mistic. Also, F&W incdlude only
reported uftility costs and exclude
customer costs, while a proper ex-
amination of cost effectiveness
must include both.

oreover, F&W accept un-

critically the costs re-
ported to them by utiliies as fully
reflecting all of the costs the utility
itself incurs in connection with
these conservation programs. As
noted previously, our analysis
found that many utilities did not
account fully even for all of their
own costs. All three of these fac-
tors imply that the costs reported
by F&W are likely to underesti-
mate significantly the true cost of
these programs.

It should also be clear that the
way F&W report the cost data
makes it difficult to make norma-
tive comparisons across utilities,
because neither the costs nor en-
ergy savings measurement tech-
niques embodied in the utility
numbers they rely on are compa-

'
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-aple. For example, 2 utility that
15 used sound cost-accounting
| and energy savings measurement
| rechniques while reporting a cost
- af 5 cents per kWh saved may
| nave a much petter program than
© one that reports a cost of 2 cents
© ser kWh saved but fatled to ac-
. count properly for all relevant
| -osts or to use sound ex post meas-
l, yrement techniques.
) ven if F&W had included
| Eonly those utlity programs
} that fully accounted for all utility
i and customer costs and provided
'. accurate measures of the energy
| savings the programs achieved,
‘ thev have not presented enough
| information to perform a proper
| cost-effectiveness analysis. Utility-
! spedific avoided cost information
| is required when making such an
analysis. Aside from several pro-
" grams which were obviously not
cost effective, we eschewed mak-
ing cost-effectiveness judgments
in our study both because of the
deficiencies in information avail-
able to rnake credible calculations
of the cost of energy saved and
the difficulties of integrating such
information with avoided cost fig-
ures for a large number of utilities.
We must also observe that it is
not a particularly good scientific
practice to examine only those
programs that are prescreened for
success. This kind of censored
sampling will necessarily lead to
biased results. Moreover, there is
alot to learn from failures as well
as from successes. We were able
to obtain information for all of the
programs conducted by several of
the utilities having programs in-
Jduded on F&W's list. We fail to
S

see why F&W had to restrict their
study to “‘successful” programs.

B. The Quality of Utility

Programs: O'Neill

Maura O'Neill recendy dis-

cussed the fact that utilities differ

~ inthe quality or their programs
. and that utilities ought to learn
from their differences.”® To facili-
| tate this leaming, she then set out
| to compare programs “at the bot-
tom line, in cents per k<Wh saved.”
. O'Neill presents data for first

year program costs divided by an-
nual program energy savings for
12 utilities in 1992. Unlike F&W,
but like us, she examines the en-
tire conservation program of the
utilities that she selects, not just se-
lected sub-programs as do F&W.
She indicates that these progranis
have been screened so that they
include all direct and indirect pro-
gram costs; she does not expiicitly
state whnether customer costs are
included, however, and our suspi-
don is that they are not, or at least
that they are not reported fully by
all of the utilities she selected (oth-
| erwise, there would e no reason

to believe, as she suggests, :hat
differences in the rebate rate

. across utilities would explain a

significant fraction of the ob-
served differences).
Itis not clear what types of en-

. ergy measurement protocols have
- been used in O’Neill’s program

l

|

evaluations. The utilities in the
sample are those for which 1992

|
. data are supposedly complete,

but since her study was prepared
before May 1993 it is probably too
soon after the end of 1992 to have
detailed ex post savings measure-
ments for these programs in band.
F "er major finding is that
L first year costs vary by a

factor of about five. She argues
that these variations are too large
to be attributable entirely to differ-
ences in conservation opporturni-
ties, cost conditions, measure
lives, and other factors that we ex-
pect will lead to cost variations
even for high-quality programs.
She interprets the variation in the
costs as reflecting opportunities to
improve the efficiency and quality
of these programs, implying that
some utilities are doing a much
better job managing their pro-
grams than are others.

Wa believe that her data require
a much more cautious interpreta-
tion. Because of the vast differ-
ences among utilities in cost ac-
counting and energy savings
measurement, we are reluctant to
assodate observed variation in
cost per kWh figures with differ-
ences in the effidency and quality
of these programs. There are well-
regarded programs that report
both “high costs” and “low
costs,” as confirmed by F&W.

Tuly 1903
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- measurement techniques for what
. are often similar types of pro-
- grams. These considerations mav

The proolem is that utilities are us-
ing very different cost-accounting
protocois and energy savings

. explain a great deal of the vari- !

ance that is observed in the data.

.+ Untl a comre non framework for

© costaccounting is adopted and all

utilities adopt credible ex posten- |
eIgy savings measurement tech-
niques, it will be impossible to dis-
entangie cost differences resulting
from program quality differences
from cost differences associated
with different cost-accounting
rules, different measurement tech-
niques, and differences in cost-ef-
fective conservation opportunities.
Despite these reservations,
O'Neill offers a number of very
useful suggestions for improving
the quality of utility programs.
We would add to her list: (1) bet-
ter accounting for all utility and
customer costs and (2) adoption
of more credible protocols for
measuring the savings that these
programs have actually achieved.

[V. Changes Over Time: The
BPA Experience

As we discussed earlier, several
comumentators have suggested
that our evidence is not indicative
of how utility programs will per-
form in the future. They argue
that utilities will do a better job of
cost accounting and that measure-
ment of energy savings achieved
will become more accurate as
more experience is gained. They
also argue that better information,
learning by doing, and economies
of scale will help drive down the |

costs ot utility energy conserva-
8on programs over time. How-
ever, these changes could cut both
ways.

It is likelv that better accounting
for all utility and customer costs
and better energy savings proto-
cols will lead to higher, rather
than lower, measured costs per
kWh saved. Furthermore, utilities
may have gone after the cheapest
conservation opportunities first,
so that costs will rise over ime. A
recent evaluation of the residen-

tial weatherization program of the
Bonneville Power Administration
(“Bonneville,” or “BPA”) can help
shed light on these dynamic as-
pects of utility conservation pro-
gIams."

A. The Program

Bonneville has been running a
residential weatherization pro-
gram for customers with electri-
cally heated homes since 1980.
This is the only program of which
we are aware that has been in op-
eration for such a long period of
time. The program has applied
high standards to cost accounting,
measurement of energy savings,

and overall program evaluation.
BPA accounts for uality costs
(both its own and that of a “host
utility””), as well as customer
costs. It also accounts for certain
administrative costs.
nlike many other utility

Uprograms, the BPA pro-
gram has been concerned about
measurement issues from its in-

| ception. Accordingly, each cohort

of participants has been matched
with a control group of non-par-
tidpants. The program then
makes use of ex ante engineering
models to predict partidpant sav-
ings for planning purposes as |
well as £x post measurement of
savings derived from compari- f
sons between the participants in
the program and the contro}
group to evaluate actual program
performance ex post. These com-
parisons between partidpant and
control groups have been made
both for the first year following
the installation of weatherization
equipment and for two sub-
sequent years as well. This makes
it possible to examine whether the
savings measured for the first
year persist over at least the early
part of the expected life of the
capital investments made to con-
serve electridty.

Additional stability and compa-
rability in the data result from the
fact that measurement and evalu-
ation have long been the responsi-
bility of Oak Ridg: National Labo-
ratory, probably the nost
experienced group in this area.
While we are not entirely comfort-
able with the way the control
groups are selected and utilized,
the only component of our list of
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| esirable program attniputes that
|  —issing rom the BPA program
< an 2xplict accoundng tor Tee
Acers.

The BPA program provides fi-
~ancial incentives to residendal

slecTic space heat customers to in-
s-ai a variety of measures to in-

" —ease energy etficiency. The pro-

| sram s typical in that it relies on

repates provided by BPAand the

host uglity, with only modest cus-

| tomer contributions required.

Bonneville's efforts in this area be-

- zanwitha pilot program in 1980.

* All together there are six “pro-

* gram cohorts” that have been ana-

| lyzed. The most recent analysis

| focuses on the 1988 and 1989 pro-

© grams.

| The 1991 Northwest Conser-

vation and Electric Power

Plan, which addresses the BPA

~ role in the Pacific Northwest re-

© gion,*® lists single-family residen-

| tial weatherizaton as a “re-
source” with an expected cost of

© 3.4 cents per kWh.” Thisis very

~ close to the cost reported by EPRI
for residental space heating con-
servation opportunities and is de-

. rived from engineering analyses

| that are not unlike those relied

. upon by RMI and EPRI. The Oak

E Ridge study indicates that BPA's

| regional ceiling price fcr conserva-

tion “resources” is 5.9 <ents per

kWh saved.”® We take this to be

BPA’s assessment of the regional

avoided cost of new electricity

supplies against which conserva-

tion investments are to be com-

pared for cost effectiveness. Thus,

if the ex ante engineering assump-

tions of program costs used for

planning purposes in the BPA re-

gion are a good approximation =0
the actual cost per kWh saved
achieved bv the program, expen-
ditures on residential weatheriza-
Hon induced by the program

measured energy savings to the »x
ante engineering estimates.

From the last column, it is evi-
dent that ex post measured sav-
ings are substantially less than the
should be very cost etfective. Tre engineering estirnates; measured
question is: How do the ex ante i
projections compare to the ex pest
performance of the program? !

savings are only 30% to +0% of ex
antz projecions.” Moreover, in
comparing the gross savings
based on billing records with the
engineering predictions for each
participant, the study finds that
the correlation between the two is
only 0.1.7 Thus, despite many
vears of experience both with ex

B. Results of the Evaluation

Table 1 provides some evalu-
ation results regarding the meas-
ured cost per kWh saved and the
relationship between pre-retrofit
estimated savings based on audits
and engineering models and the

ante forecasting and ex post meas-
urement, BPA is still using engi-
post-retrofit measured savings
based on comparisons between
participants and controls. The
first column reports the estimated
life-cycle costs for the 1988 and
1989 weatherization programs

neering models that perform
poorly both in tracking individual
usage patterns and in estimating
actual savings. This is consistent

with the conclusions in our pa-
pers. Experience and program

based on the ex post measured sav- | maturity do not yet appear to

ings and assuming that measured have solved this problem.

savings for the first post-retrofit T he first column in Table 1
year persist over the entire ex- AL displays the measured cost
pected life of the measures. The per kWh saved for the 1988 and
second column contains simnilar 1989 programs based on total pro-

figures that have been adjusted to
reflect deterioration in measured
program savings over ime. We
will return to this column pres-
ently. The third column lists
BPA’s avoided-cost ceiling. The fi-
nal column is the ratio of ex post

gram costs (BPA, host utility, cus-
tomer, and administrative costs)
and net measured savings for the
first post-retrofit year; the net
measured savings are assumed to
persist over the life of the conser-
vation measures. The measured

Table 1: BPA Residential Weatherization Program Resuits: Most Recent Cohorts Studied

Measured Cost  Adjusted Cost Avoided- Measured/
Program perkNh Saved  per kWh Saved Cost Celling Estimated
Caohort (1991 cents) (1991 cents) (1991 cents) Savings
1988 55 6.9 5.9 0.42
1989 9.1 1.4 5.9 0.31

Source: Comouted from Brown and White (1992, px) with adgustmens for inflation and delenoralion 1n S3WNGS over Xma as|
discussad n the text.

July 1993




cost per kWh saved is 3.5 cents

* per kWh (in 1991 dollars) for the

1988 program and 9.1 cents per
kWh for the 1989 program. The
5.5 cents figure is 62% higher than
the 3.4 cents value used by the
Northwest Power Planning Coun-

- dl for planning purposes, while

the 9.1 cents figure is 168% higher.
Both the 1988 and 1989 measured
costs far exceed the TP values re-
ported by EPRI for residential
heating conservation opporturu-
ties. The 1988 program is barely
cost effective compared to the
BPA's 3.9 cents avoided-cost ceil-
ing, while the 1989 program fails
the cost-effectiveness test by a sig-
nificant margin.

ontrary to the assertions of

some of our critics, these
high measured costs and the large
differences between measureda
costs and engineering estimates
cannot be attributed to program
imumaturity, startup problems, or
a failure to consider economies
that result from learning by do-
ing. BPA's program has been in
existence for a decade and has
been studied and refined more ex-
tensively that any conservation
program of which we are aivare.
Indeed, the experience with the
BPA weatherization program
since 1980 makes it clear that one
cannot assume that costs will nec-
essarily fall over time. This is an
empirical issue that can only be re-
solved by analyzing the relevant
data.

Table 2 reports the measured
cost per kWh saved based on ex
post comparisons between partid-
pants and control groups for each
of the six BPA program cohorts

!

studied since 1980. The first col-
Umn presents information on the

. measured cost per kWh saved as-

i
|
i

|
|

|

| suming that the savings meas-

ured in the frst post-retrofit vear
for each program cohort persist
over the life of the measures. The

| cheapest savings were clearly

achieved in the earliest vears. Pro-

- gram costs in the post-1983 co-

i horts are significantly higher than

in the earliest cohorts and have in-
creased steadily over time. If the
BPA is getting better at delivering
conservation services it must be
getting harder to find cost-effec-
tive conservation opportunities
over time; the “low hanging fruit”
has been picked and BPA must
climb higher up the tree to find
fruit worth picking. There are a
variety of reasons why this might
happen, including the difiusion of
conservation investments by con-
sumers through ordinary market
forces and the increased availabil-
ity of information about conserva-
Hon opportunities.

Unlike many other programs,
the BPA tracks energy use by both
participants and control groups ir
the second and third post-retrofit
years. This makes it possible to
examine the persistence of pro-

gram savings over time and to

. test the validity of cost estimates

that assume that first vear savings
persist over the entire life of the
measures. Table 3 displavs the
net measured savings for each

. program cohort by vear.

ocusing only on column 1,

we see that first vear meas-
ured savings have declined over
time. In addition, annual pre-ret-
rofit consumption by both partia-
pants and non-partidpants is
much higher in the earlier period
than in the post-1983 period.”
The “natural” reduction in aver-
age pre-retrofit consumption be-
tween the early and later years is
slightly larger, in fact, than the av-
erage net savings achieved by
these programs during the 1980s.
This suggests that the charac-
teristics of the remaining target
population for these weatheriza-
tHon retrofit programs have
changed over time. In particular,
there are fewer conservation op-
portunities in the remaining stock
of retrofit opportunities. The
“low hanging fruit” may have
been picked first and /or custom-
ers have made conservation in-
vestments on their own over time
in response to market forces.

Table 2: BPA Residential Weatherization Program Resutts: All Cohorts

Measured Cost per Adjusted Cost per
Program Cehort kWh Saved (1991 cents) kWh Saved (1991 cents)
Pilot (1980-82) 44 55
Interim (1982-83) 32 4.0
1985 52 6.5
1986 53 6.6
1988 5.3 6.9
1983 9.1 11.4

Source: Comouted from Brown and White (1992, Table 7.5, p. 7.10) with adjustents for inflaton and detgnoration n

savings over bme as aiscussed in the lext,

i
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-nle 3t \zasired Arnua kv Savings in Pest-Retroit Years

Srogram Cohent fear Year?2 fear 3

2ot (1280-32) 3.840 3,790 3.410(-11.2%)
merm 11882-33) 4,200 3,600 2,500 (~40.5%)
1923 2510 2,565 2,600 (-0.4%)
1325 3.060 2,112 2.140 (-30.1%%)
323 2,120 2,000 (-8.3%) N/A

1339 1,330 N/A N/A

i@l NUTCENS N SAremneses ane Cranges Tom year | savings esimates.

Source; Srown ana Whae (1992), Table 7.5.9. 7.7,

Table 3 also demonstrates that it program costs could lead these

is dangerous to base cost calcula- programs to fail traditional cost-

tions on energy savings achieved
in the first vear, assuming that
these savings will persist through-
out the life of the investment. Ta-
ble 3 indicates that, on average,
*he measured savings within each
cohort decline (i.e., deteriorate) by
roughly 10% per vear over time.
(The Oak Ridge study reters to a
15% average annual rate of dete-
rioration that is computed in a dif-
‘erent wav.) Data are unavailable
to determine whether the savings
continue to decline after the third
vear.
he nieasured cost per kWh

Tsaveci calculations we dis-
cussed earlier were based on the
assumpton that energy savings
measured in the first year persist-
ed over the full life cycle of the
conservation measures. Since the
BPA studies provide evidence that
these savings deteriorate over
time, the values for the cost per
kWh saved reported in the first
column of Tables 1 and 2 are too
low. Given the unexpectedly high
costs of the post-1983 programs,
an adjustment for the deteriora-
tion of savings over time is impor-
tant because modest increases in

effectiveness tests. In the second
column of Table 1 and Table 2 we
have adjusted the measured costs
per kWt saved to reflect the as-
sumption that the present value
of energy savings is 20% lower
than vould be implied by the as-
sumption that the savings persist
at first vear levels forever. This
adjustment is consistent with the
data reported in Table 3. Readers
can apply any other adjustment
that they feel is more reasonable.
Tables 1 and 2 indicate that ad-
justments n the measured costs to
reflect the deterioration in meas-
ured savings over time render
none of the post-1983 programs
cost effective, as the cost per kWh
saved exceeded BPA’s 5.9 cents
avoided-cost ceiling price.

C. Implications

It is not our purpose to pick on
the BPA program. The program
has been responsibly imple-
mented in a region where electric-
ity prices have often been too low
to provide consurmers with appro-
priate incentives to conserve. Fur-
thermore, the application of more
comprehensive benerit-costs tech-

niques, rather than the simple
cost-erfectiveness tests that have
been adopted to justiry utility ex-
penditures on conservation in the

central planning world ot “inte-
grated least cost planning,” could
lead to a more favorable evalu-
ation once the reasons for the sig-
nificant differences between engi-
neering estimates of energy
savings and ex post measured sav-
ings are better understood.

Cur point is simply that the re-
sults from the BPPA program, a ma-
ture program that has followed
the cost-accounting and savings
measurement protocols that we
have suggested, are perfectly con-
sistent with our own study. Ex
post measured savings are 30% to

% of ex ante engineering esti-
mates. The measured cost per
kWh saved is much higher than
was indicated in the ex ante engi-
neering studies used for planning
purposes. Appropriate cost ac-
counting and savings measure-
ment do matter because programs
that look highly cost etfective to
the planner may turn out to be
wasteful when all relevant costs
and behavior are accounted for.

V. Conclusion

The factors that we have dis-
cussed in this paper, and in our
previous research, have a number
of implications for the design of
utility conservation programs and
for the interpretation of reported

program costs.
A. Should Utilibes Promote

Energy Conservation?

Some people have interpreted
our research as arguing that utili-




ges have no role in promoting
cost-2ffecuve energy conserva-
don. Thus represents a musinter-
pretation of our anaivsis and our
conclusions. Utllities do have a
useful role to play in promoting
cost-errective energy conserva-
don. Our results indicate, how-
ever, that if utilities are going to
spend general ratepaver money to
finance energy conservation, they
are going to have to pull their
socks up. In particular, they must
make a more serious effort to
measure and account for cus-
tomer and utility conservation
costs, to develop and apply cred-
ible techniques to measure the en-
ergy savings achieved, to account
for changes in service quality, to
account properly for free riders,
and to design their programs so
that market barriers are reduced
with the smallest possible impact
on overall rate levels. Further-

' more, it is important that utilities

make rate design changes that bet-
ter align prices and marginal costs
so that ejectricity consumers get
the right price signals and that
utilities identifv the most efficient
mechanisms for getting their cus-
tomers to invest in cost-effective
energy conservation opportuni-
fes.

We do see serious defiden-
des in the way many
utility programs have been con-
ceptualized and structured. In
partcular, the au courant frame-
work of “integrated least-cost
planning,” in which consumer
conservaton investments are
viewed as a “utility resource” that
utilities must “acquire” from their
customers, is the source of a lot of
sloppy thinking (and wasteful ex-
penditures) and is unlikely to lead
to satisfactory outcomes in the
long run. Furthermore, as compe-

fton evoives in the siectmic
power Ingustry, this approacn —
which leads to nigher rates and
pervasive cross-subsidies —- will
simply be unsustainable.

Energy conservation should be
conceptualized as a customer serv-
ice and a customer resource, not as
a utility resource that is equivalent
to a utility supply source. The
customer will own the conserva-
Hon devices, decide how to use
them, and dedde when to scrap
them. Nobody has vet invented a
“negawatt meter” to measure en-
ergy savings in a way that is re-
motelv equivalent to a meter that
measures the kWh that come out
of a power plant and into a cus-
tomer’s home or business. Meas-
urement problems may be a seri-
ous market barrier, but these
barriers can only be overcome by
improving energy savings meas-
urement capabilities, at least in a

With the proper price signals, utilities could better lead their customers to energy efficumcy.
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statisdcal sense — not bv making

up numbers. The “integrated
least-cu3t planning” framework
makes it too easv to forget that the
consumer is generally in the best
position to forecast the use of
equipment placed in her home or
pusiness and to evaluate the over-
all benerits and costs of invest-
ments in conservation when pre-
sented with the information
necessary to make these evalu-
ations. Placing the utility in the
position of dedding how millions
of customers should use electric-
ity, and then using general rate-
paver funds to subsidize consum-
ers so that they behave in ways
that some engineering model says
they should behave, reflects a cen-
tral planning mentality that is
doomed to failure.
decentralized customer

Aservice and customer re-
source perspective naturally leads
one to focus a lot more on why
consumers behave as they do and
how utility initiatives of different
types are likely to affect consumer
behavior and ameliorate real mar-
ket imperfections. This frame-
work recognizes that the pay-
ments that consumers are
required to make for energy con-
servation investments made on
their behalf play an imgortant se-
lection role that makes i possible
to exploit the “hidden informa-
tion” that customers have about
their energy use patterns and in-
vestment plans. Customers who
bear the costs of conservation will
have an incentive to agree to pay
only for truly cost-effective invest-
ments. Thus, the arguments
about who should pay for utility

conservation programs raise not
only equity issues 1 oss-subsidies,
non-partidpant burdens, etc.), but
very important eiciency issues.
An approach to utlity conserva-
tion programs that requires cus-
tomers to pay the bulk of the costs
of conservation investments
made on their behalf, in one way
or another out of the savings that
they realize or expect to realize,
makes it necessary to convince
customers that the savings are re-
ally there when all relevant fac-

tors are taken into account. This
approach will lead to real energy
savings rather than just paper sav-
ings and will relieve regulators of
the very difficult task of measur-
ing actual savings, imputing cus-
tomer costs, dealing with free rid-
ers, and changing customer
bet.avior over time. It will also re-
quire utilities to think about the
evolution of their conservation
programs into real businesses
where the bill for conservation
services provided to Mrs. Smith is
sent to Mrs. Smith for payment
and not divided up and sent to all
of her neighbors. In the end we
want least-cost outcomes, not nice

computer printouts produced by
integrated least-cost plarning sort-
ware.

B. The Costs of Utility
Conservation Programs

Neither the criticisms that we
have received, nor more recent
studies that we have reviewed,
lead us to change any of the con-
clusions that we reached in our
original study. The total costs of
energy efficiency improvements
fadlitated by utility programs are,
on average, significantly higher
than implied by well-known TP
analyses. Proper accoundng of
program costs, accurate measure-
ment of energy savings atiribut-
able to the programs, and proper
consideration of the interaction be-
tween these programs and nor-
mal market processes would re-
duce significantly the overall
sodetal benefits attributed to util-
ity conservation programs. Asa
result, some programs that ap-
pear cost effective on paper
would be found to be wasteful in
reality. While we think that there
is more than a free snack out there
that utilities can help to capture,
the free banquet with caviarand
champagne tha the public is
often promused is not likely tobe |
achievable with current practices. = :
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vation in the control group shouid ex-
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conservation that would have oc-
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free riders). The measured savings
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gate effect of the program. To caicu-
late costs per kWh, as reported in the
text, measured savings are the aprro-
priate denominator. The appropriate
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23. Id. at 7.5, Table 7 4.

24. Consistent with note 21, the
reader may wonder whether the dete-
ricration in savings is due to reduced
savings from installed devices, in-
creased conservation by the control
group, or other factors. The ORNL
study does not directly address this is-
sue, so we cannot say for sure. For the
1988 program, we do have the follow-
ing data:

Year 1 Year 2

Gross Gross
Savings  Savings  Difference
(kWh) {kWh) {kKWh)
Participants 1773 1274 500
Conrol =4 729 325
Net
Savings raked 233 175 |

Source: Brown and Whils 1932, Table 4.5, at4.1!
Note: From year 1 to year 2, gross savings among
particpants decreased, as did Qross savings among
the control group. In this case, at least, the reduc-
tion in net savings resuits not from increased con-
sarvation among the control, but from substantially
fowar savings by the participants.
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On the Assessment of Utility
Demand-Side Management Programs

Mark D. Levine and Richard Sonnenblick

Energy Analysis Program
Energy and Environment Division
Lawrence Berkeley Laboratory

Introduction

This is a response to the preceding paper in this issue of Energy Policy, "Demand-Side
Management: Overcoming Market Barriers or Obscuring Real Costs,” by Albert L.
Nichols. Nichols presents results of an evaluation of two major demand-side management
(DSM) programs carried out by Massachusetts Electric Company (MECo). Nichols notes
that these programs are excellent examples of successful utility DSM activities, carried out
in an exemplary manner by a utility that is a leading DSM provider in the nation.
Furthermore, the programs are unusual in the quality of measured evaluation data
gathered and analyzed to assess their performance. While the MECo programs pass a
standard utility Total Resource Cost (TRC) test, Nichols' paper intended to show that
these seemingly exemplary programs fail to pass a benefit-cost test based on willingness-
to-pay (WTP) calculations. Indeed, according to Dr. Nichols, these programs fail the
willingness-to-pay-based benefit cost test by a large margin.

In this paper, we explain why we disagree with Nichols' approach and with his results.
Especially because Nichols' werk has received so much attention, we believe it is very
important that the other side be heard. There is presently a serious activity among U.S.
utilities to evaluate the more than $2 billion spent each year on energy efficiency
programs. The performance of such large — and still growing — investments is
appropriately a concern to public utility commissioners. However, as we will make clear,
Nichols' approach yields results that in our view misirterpret the performance of utility
DSM programs.

We begin with a summary of the findings from Nichols" work, presented to permit us to
understand how and why the willingness-to-pay results differ from those of the Total
Resource Cost (TRC) Test. We then present at a theoretical level the reasons that we
reject the findings of the willingness-to-pay calculation. We show that the results are
unconvincing on theoretical grounds but that they also fail essential tests of common
sense, and thus should not serve as a basis to guide public policy. We then use empirical
data collected by MECo to determine the applicability of the WTP accounting framework
to DSM programs. We find empirical evidence that consumers systematically
underestimate the value of energy efficient equipment, which is inconsistent with the WTP
framework. We also conclude from this effort that there is little evidence of the extensive
“hidden costs” (implicitly) included in the WTP framework. Finally, we suggest that a
consideration of the potential for DSM programs to transform markets, thereby increasing
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the choice of cost-effective DSM among consumers, can result in the TRC test
underestimating the benefits of the utility DSM program. possibly by a considerable
margin.

Summary of Results of TRC and WTP Calculations

Table 1 shows the results from the TRC and WTP calculations. The TRC results show a
large and significant positive benefit for both Design 2000 and Energy Initiative lighting
programs. With a utility cost of about $11 million for the two programs — and slightly
more than $8 million_of this for the efficiency measures themseives — and customer
payments of $3 million, the program avoided costs to the utility of $21 million. This yields
a net benefit of almost seven million dollars, evaluated at a discount rate of 8.7% (equal to
the utility cost of capital). Itis worth noting in this case that the avoided cost to the utility
and the average rate incurred by the ratepayer are almost identical, so the final consumer
sees the same benefit of this program as the utility system overall. Thus, according to the
TRC, society was able to purchase $21 million of avoided kilowatt-hours at a cost of $14
million, a highly cost-effective investment. It is important to point out that these kilowatt
hour savings are measured savings. One of the reasons for studying the MECo programs
is that considerable effort was invested by MECo in the evaluation of their programs’
performance.  For completeness, the costs of program evaluations and shareholder
incentives are included in the program costs.

Table 1. Summary of Results of TRC and WTP Calculations

Program Total Resource Cost  Willingness-to-Pay _ Discrepancy

Design 2000 $2,660,000 (5910,000) $3,570,000
Energy Initiative $4,250,000 ($5,350.000) $9,600,000
Total $6,910,000 {$6.260,000) $13,170,000

Table 1 also shows the results of the WTP calculation, in which the two programs are
estimated to yield a net cost of $6.3 million. Thus, the investment of $14 million could
have yielded gross savings of only $7.7 million in order to produce a loss of $6.3 million.
This is a startlingly different result from that of the TRC test. The TRC test says that the
utility and customer made an investment which yielded a ner profit of almost 50%; WTP
says it was a net loss of almost that amount.

What accounts for this fundamental difference? And which is the correct way to perform
the analysis? In seeking the source of the difference, we note that both the TRC and the
WTP calculations are based on the exact same data, so the problem is not one of data
inconsistencies. TRC and WTP assume identical program Costs. As noted earlier, discount
rates are the same for the WTP and TRC calculations.

The difference between the two calculations is in the estimation of the benefits. The TRC
calculates benefits as the present value of the measured savings of kilowatt hours times the
avoided cost per kilowatt hour. These savings are $21 million. The WTP calculation
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caleulates benefits as the willingness of the customer to pay for saved kilowatt hours, and
arrives at a gross benefit that is $13 million less than this amount. Since we are not aware
that Nichols disputes the measured savings. and since the avoided cost values we are using
are those he recommends. there appears to be a "hidden cost” of some $13 million that are
needed to account for this huge discrepancy between the two calculations. One of our
objectives will be to look for these "hidden costs” in the data from consumer surveys of
MECo's programs. But before we turn to the empirical results, we need to explore
Nichols' calculation more carefully.

Basic Assumptions behind Nichols’ Use of Implicit Willingness-to-Pay to Calculate
Participant Benefits

The WTP calculation, as Nichols uses it, assumes that the market for the energy efficiency
measures provided by the MECo program is a perfect one. Among other things, this
means that the decision makers have — in the absence of the MECo program — perfect
information about the costs and performance of the measures installed by the program.
However, it was the premise of the program that it was providing technology that was
highly cost-¢ffective but not well known in the market that motivated the utility program
in the first place. We will later observe that only a small portion of the program
participants (the "free riders") were willing to purchase the measures without the program
while a substantial majority of participants were willing to purchase the measure (without
any incentive payment from the utility) after they had experienced first-hand the
performance of the conservation measures.

A related assumption underlying the Nichols' calculation is that there were no transaction
costs associated with the purchase of the conservation measures that the utility could
remove through its programs. Again, the overwhelming willingness of the program
participants to purchase the measures — after they had participated — when they had not
been interested prior to the program suggests that transaction costs were greatly reduced
as a direct result of the programs.

Finally, the WTP calculation assumes that, on average, consumers not only possess perfect
information, but that they are completely rational in making decisions about energy
efficiency measures. We suspect that in the real world most decision makers make
decisions based on incomplete understanding and information, particularly if the decision
is not one that is fundamental to the business itself but is rather related to a peripheral
concern (energy bills).

We find these ,assumptions — perfect information, absence of transaction costs not
removed or reduced by a program, and perfect decision making — to be implausible in the
area of energy-efficient equipment investment. For more support for this view, we refer
the reader to the paper by Koomey and Sanstad in this issue, or the longer paper by
Levine, Hirst, Koomey, McMahon, and Sanstad (1994) on which it is based.

It is crucial, in assessing Nichols' work, to understand the consequences of these (in our
view) erroneous assumptions. We reproduce in Figure 1 the approach that Nichols uses in
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calculating net benefits. The value of the benefits is the arca under the "demand curve,”™
represented by the tnangle B. But Bis caleulated to be half of (Pg - P1) times (Qo - Q1)
which is the proportion of measure costs paid by the utility. [(Po - P1) is the utility
incentive per measure and (Qo - Q1) is the total number of measures in the program.]
That is. the net benefit of the program to non free riding participants is equal to exactly
half of the rebate-related costs of the program to the utility.

Figure 1. Nichols' “Demand” Curve

Py }-—-T - Demand for Conservation

&

Price of
Measures

P4

Qo Number of Measures Installed Q

—

The curve labeled "demand for conservation measure™ is not really a demand curve, because only the point PoQp is
determined by the consumer. The point P)Q) represents the quantity of the conscrvation measures purchased as a
result of the MECo program. Because the MECo program, which was intended to last for a year, sold out in a
matter of a few days, Q1 underestimates the quantity of conservation measures desired at price Py. Point P1Q) is

not a reflection of consumer demand but rather a reflection of the delivery characteristics and budget limitations of
the program.

/Y 7
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Below. we illustrate the calculations used to compute WTP net benefits:

WTP Benefits
= [half of utility rebates]
=(58.3M *0.5)
=%4.15M

Utility Costs
= [Rebates] + [Program Costs]
=3$83M+3529M

=$11.2M

WTP Net Benefit
= [Benefit] - [Cost} + [Adjustments]?
=%$415M-11.2M+ 075 M
=(%$6.3 M)

The important point to note is that the net benefits, in Nichols' formulaticn, are less than
one-half of the utilities’ rebate costs. Thus, it is essentiaily impossible to pass Nichols'
test. All programs will, by definition, have total costs that are more than twice the
program benefits. The result of the calculation is known before it is begun.

This is not such a surprising finding, given the assumptions inherent in the WTP
calculation. If the market is perfect and the consumer has perfect knowledge, then there is
no way to improve upon the outcome of market transactions. Any intervention will be
harmful, particularly in this case, where the marginal and average price of electricity are
equal. Nichols' assumes the existence of "hidden costs” and is even able to calculate them
rather precisely, even though he gives no empirical evidence for their existence. The
apparent precision of his results is, in our view, meaningless: if we assume a particular
demand curve (which we do not know) and we assume that the market is perfect (and thus
treat the curve as representing the consumers' willingness to pay for the conservation
measures), then we can calculate rather precisely the magnitude of the costs, which we
will call "hidden costs" because they cannot be observed.

2 This adjustment accounts for the difference between avoided cost and lost revenues (30.4 M) and the benefits o
free riders ($30.25 M. Neither of these two adjustments has a major impact on the results here. While the
difference between avoided costs and lost revenues can be an important cost or benefit of DSM programs, both
TRC and WTP treat them similarly, We treat them as adjustments to the calculation so as to avoid obscuring the
main point that the WTP formulation will never pass a DSM incentive program based on the savings achicved by
the program.
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At this point it should be clear that Nichols' approach is not appropriate for evaluating
utility DSM programs. The calculation of benetits is not only unacceptable in that its
benefits are necessarily much less than its costs, it also produces results that have no
relationship to the value of the program it is purporting to cvaluate.

Imagine two variants of the MECo programs: the first is the real-world program. Careful
measurement has shown that it saves electricity valued at $21 million, at a total cost of
$14 million. Presumably this program chose good technologies, was well-run, kept
administrative costs at a minimum, and made certain that the installation and use of the
technologics was done properly. A second program, hypothetical in this case, provided
the same incentive to the customers, and otherwise cost the same to the utility. However,
this program chose poor technology and paid little attention to good installation or use of
the technologies. The measurements showed that the value of the electricity savings was
$7 million. The WTP calculation would yield similar or identical results for both programs
(assuming. as is the case for MECo, that avoided costs about equal lost revenues). The
results would be independent of the actual performance of the program. They would be
unrelated to the careful measurements performed by the utility on energy savings. There
would be no distinction between otherwise identical programs, onc of which saved
electricity worth much more than the cost of the program and the other which saved worth
much less than the program cost.

This is, in our view, a nonsensical result. It would clearly be a failure of public policy for
public utility commissioners to use such a test 1o assess the performance of utility DSM
programs. Such a test could be called a "no winners™ test, since almost no program to
which it could be applied could possibly pass it. And, because it is unable to discriminate
between programs that perform well in saving electricity and those that do not, it cannot
even be used as a means of judging the relative value of different utility DSM programs.

Alternatively, we propose another interpretation of customer behavior. We instead
assume that the market is not perfect: consumers are not sufficiently aware of the
technologies being offered by MECo that they are willing to invest in them, nor are they
confident of the energy savings that the measures can provide. If there are no
inconveniences associated with the conservation measures, then Nichols' "hidden costs"”
are simply a reflection of the degree to which the market deviates from being perfect.
Since the "hidden costs" necessary to account for Nichols' results are very large - more
than $13 million - this suggests the potential for a rather large market failure. Indeed, this
is consistent with our experience with (1) highly cost-effective and energy efficient
appliances that required appliance energy efficiency standards to achieve market
acceptance,’ (2) many new and cost-effective technologies for which it can be shown than

3 Note that the standards will result in the reduction in the need for more than 20 one-thousand megawatt power
plants in the next 20 years, suggesting that the magnitude of failure of the market to choose these appliances is
great (Levine, et. al., 1994)

77
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there are no hidden costs® achieve litle market acceptance without the intervention by
public policy (see Koomey and Sanstad in this issue), and (3) decision makers in the
commercial sector who are not expert in energy conservation technologies and are thus
loathe to make investments in these technologies until they are comimonly and widely used
throughout the market.

Thus, we are not surprised by the dissimilarity of TRC and WTP results. Participants
systernatically undervalue energy efficient investments at the time of participation in the
DSM program, so the WTP formulation undervalues participant benefits. This is the very
reason that utility DSM programs — and especially those that involve incentive payments
to consumers — have been undertaken.

Empirical Considerations

The discussion above makes clear that the discrepancy between the WTP and the TRC
results hinges on the distinction between "hidden costs" and market failure. While we
believe there is in general good reason to believe that the market for energy efficiency is
less than perfect, we acknowledge that programs and technologies can carry with them
crsts that need to be — and are generally not — accounted for in DSM program
assessments. We are noi willing to assume hidden costs; we believe empirical data are
needed to assess them. We delineate between costs unique to customers whe install the
measures through the program, and two types of ‘hidden’ costs:

Costs Due to Program Participation are costs which are unique to those participating in
the program. These include customer resources devoted to filling out program application
forms, and delays in construction or renovation due to DSM program delays.

Irreducible Hidden Costs are associated with installation and operation of the measure,
and are incurred regardless of whether the measure was installed by a consumer, or as a
measure within a DSM program. Costs incurred due to down time for equipment
installation, equipment reliability, and poor performance are irreducible hidden costs.

Reducible Hidden Costs are costs that can be reduced by participation in a DSM program.
These include customer resources expended to locate and analyze energy efficient
equipment options, equipment vendors, and contractors. The two MECo programs we
investigate also provide follow-up inspections and train participants in equipment
maintenance, further reducing costs. Reducible hidden costs can be the result of market
imperfections, as in the case of imperfect information dissemination. A large reducible

4 The technologies referred to differ from those selected by consumers only (or virwally only) in their first cost and
their energy use.
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hidden cost component could explain why participants find it cost-cffective to install
measures within a DSM program, while not opting to install measures independently s

ft is important to note that the “hidden costs” of Nichols' paper are the irreducible hidden
costs. Reducible hidden costs are market impertections that can be addressed by policy
and programs. For example, the reluctance of a consumer to purchase energy efficiency
measures because of inadequate information is a major impediment to its purchase.
Programs and policies can overcome this barrer. As such, it could be called a market
imperfection and represents reducible hidden cost.

The basic issue is: are there hidden costs which need to be counted in order to correct the
results of the Total Resource Cost Test. If so, what is their magnitude? s it possible to
estimate them from empirical data, based on existing surveys of participants in the MECo
programs? The related issue is can we find direct evidence for market failures? Is it
possible to show, again from empirical data, that such failures exist?

Methodology

The process evaluations performed for Energy Initiative and Design 2000 are extremely
thorough, compiling extensive information on participant and nonparticipants’ perceptions
of both programs. We use the results of surveys implemented in the process evaluations
to estimate the magnitude of hidden costs and costs due to program participation borne by
customers participating in a utility program.

Empirical Results

Before we present the information from the process evaluation surveys, a few caveats are
in order. First, many of the process evaluation questions involve subjective measures of
satisfaction and performance. We use these responses as general indicators of costs,
benefits, etc., instead of precise quantitative measures. Second, many of the questions ask
respondents to recall past events or situations. Questions of this type are always subject
to the inaccuracies of recollection. However, the process evaluation survey results do
provide us with information on aspects of DSM heretofore only discussed in the abstract.
Thus, our analysis here is a first step in understanding costs and benefits of DSM.

Costs Due to Program Participation

Program participants in the Energy Initiative and Design 2000 programs were required to
complete rebate application forms, meet with utility and vendor staff on several occasions,
and wait, sometimes for months, for utility rebate checks. DSM critics suggest that these
bureaucratic necessities impose considerable costs on participants, in the form of
construction delays, resources devoted to application completion, and time spent in

5 The empirical data we examine demonstrates that many participants continue to install efficient equipment after
program participation, suggesting that the DSM program climinated reducible hidden costs for participants.



Draft 4/22/94

consultation with utility personnel.  We searched the process evaluations for any
information related to these potential costs. In this section, we discuss participants’
responses to questions regarding satisfaction with program process, program
characteristics, and respondent suggestions for program improvement.

Few participants were dissatisfied with the general program process. Table 2 summarizes
respondents’ reactions to program process. The data indi- tes a small degree of
dissatisfaction in all aspects of the program, but does not suggest that participants incur
substantial costs as a result of participation.

Table 2. Respondents’ dissatisfaction with program process

Question Very Dissatisfied ~ Somewhat
Dissatisfied
Time between application and installation 2% 15%
Time it took to get rebate check 1% 1%
Rebate application process 4% 9%
Measure variety 1% 5%
Utility inspections of installations 0% 1%
Competence of program contraclors 0% 4%

The impact of participation on construction deadlines also appears minimal. In the Energy
Initiative program, only two respondents (out of 264) said that the rebate application
process caused delays. In the Design 2000 program, twe respondents (out of 28) said
participation in the program had only a moderate effect on their building’s completion
schedule. All other Design 2000 respondents reported little or no effect.

Finally, Energy Initiative respondent suggestions for program improvements were not, by
and large, related to process issues. Only one respondent (out of 264) said that equipment
should be installed quicker. Only one respondent said that the rebate check should be
delivered quicker. Ouly 2% of respondents said the pre-installation audit should be
improved. Only 6% of respondents said that the application p.acess could be made better
overall. Almost half of the respondents said they wouldn’t change anything at all about

the program.

If program participants incurred large costs due to program participation, we would
expect that discatisfaction with program process, and delays due to program participation,
as expressed by survey respondents, would be large. The small proportion of respondents
expressing dissatisfaction in these surveys indicates that program participation-related
costs are probably quite small,

Irreducible Hidden Costs

To investigate the magnitude of irreducible hidden costs, we examined survey
respondents’ satisfaction with program measures and their installation. Only a handful of
participants in the Energy Initiative program suggested that improving the quality of

9
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program measures was important.  Only 2% of survey respondents said the quality of
equipment should be improved and only 5% of respondents said that oversight/quality
control by the utility should be increased.

Sarisfaction with specific program measures was also indicative of small measure-related
hidden costs. Table 3 lists responses by measure.

Table 3. Respondents satisfaction with measures

Sources of Dissatisfaction

Lack of Other —

Energy  Equipment Failure of Qualirvof life span
Measure # resp. Savings Performance _Equipment Installation concerns _ Satisfied
Fluorescent Bulbs | 210 2% 5% 10% <1% <% 81%
& Ballasts
CFLs 39 0 0 5% 0 0 95%
HID Interior 16 0 6% 0 0 0 94%
HID Exterior 6 0 0 0 0 0 100%
Controls 10 20% 10% 0 0 0 70%

While there was some dissatisfaction with the fluorescent bulbs and ballasts, it was not
widespread. On a percentage basis, there was more dissatisfaction with lighting controls,
although the small sample size (just ten respondents) prohibits us from drawing any
conclusions regarding widespread dissatisfaction from this statistic. Also it is important to
note that early equipment failures were remedied by utility/vendor staff, so dissatisfaction
involving equipment failures were probably overstated by this survey. The vast majority
of participants appeared to be satisfied with the equipment.

The same can be said for the measure installations. Less than 4% of respondents were
“Somewhat Dissatisfied” with the competence of contractors in the Energy Initiative
Program, less than 1% of respondents were “Somewhat Dissatisfied” with utility
representatives’ installation inspections. No respondents were “Very Dissatisfied” with
either the competence of contractors or utility inspections.

In summary, the process evaluation data for Energy Initiative is not consistent with the
hypothesis of high, irreducible hidden costs associated with measure installation and
performance.

Reducible Hidden Costs

We use two separate methods to estimate the extent of reducible hidden costs. First we
examine respondent satisfaction with information disseminated as part of the program, and
then we analyze (self-reported) changes in participant investment behavior for evidence of
implicit reductions in hidden costs.

Only 3% of respondents in the Energy Initiative program stated that they were “Somewhat
Dissatisfied” with program information; less than 1% were “Very Dissatisfied”. When

10
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asked about the importance of program information in their decision to participate, 80%
of respondents said program information was cither “Very Important™ or “Somewhat
Important”. In a related question, 60% of respondents said casy participation was “Very
Important™ or “Somewhat Important™.  Clearly, the information disseminated in the
program was scen as essential by participants, and equally important, the information
received met with the participants’ satisfaction.

Program Effects on Participants’ Perceptions of Measures

Perhaps the most compelling result frorm the process evaluation surveys involves changes
in participants’ perceptions of the efficient equipment installed by the program. For the
Energy Initiative Program, two questions were asked sequentially, months after the
program measures had been installed. The first question asked the customer to recall their
intentions at the time of participation, and was used to determine whether a participant
was a free rider. The second question asked the participant about their current intention
to install additional efficient measures.® The two questions are repeated here in their
entirety.

1. “If the Energy Initiative Program had not been offered in 1992, do you think your
company would have spent this amount of money, in addition to any costs you already
paid, to install measure at the same time?”

2. “Now that you have had some experience with measure, would you choose to
purchase this same energy efficient equipment on your own without a utility sponsored

program?”

If we assume that respondents are able to provide accurate information, then those
answering the first question in the negative and the second question in the affirmative are
now willing to install the measures without a rebate, whereas prior to participation, they
would not have installed the measures at all. We present two complementary
interpretations of such a result: 1) participants’ hidden costs of installation have been
reduced through their participation in the program; 2) participants systematically
underestimated the efficient equipment’s value prior to participating.

Among all respondents, about 65% of those initially unwilling to install the equipment
independent of the program stated that they would now purchase the same equipment
without a rebate. Apparently, participation in the program has reduced the ‘cost’ of
measure installation for these participants. The totals for the two questions, broken down
hy measure, are given in Figure 2. Responses in Figure 2 are given to both questions; for
example, 65% of the respondents who would not have installed the measures in the

6 Other questions in the Energy Initiative survey asked customers if, at the time of participation, they would have
been willing to pay a larger proportion of measure costs. Only the two questions we discuss here explicitly address
the issuc of participant leaming—whether initially skeptical participants were more willing to pzy for measures
after participating.



Dralt 4122/94

absence of the program stated that they would now install the program measures without a
rebate.

Figure 2. Respondents are more willing to install measures after participation

Would you have installed the equipment Yes No
in 1992 without a rebate? (71’0590“(55“‘5) (280 respondents)

. : Yes No Don’t Yes No Don’t
Now that you have had experience with ,
meusure, would you choose to purchase O1%) (0%) Kgn(;w (65%)  (32%) l\;zw
this equipment without a rebate? O%) (3%)

Similarly, architectural designers participating in the Design 2000 program demonstrate a
new willingness to specify efficient equipment in their designs. Of those designers who
reported they would not have specified the program measures in the absence of Design
2000, 64% reported that the Design 2000 program caused them to change the methods
they use to specify technologies in buildings. Of those 64%, nearly-two thirds said they
specified more energy efficient equipment outright, one-fifth said they now perform
energy-savings analysis, and one-fifth said they nave broadened their design approach.

Examined in the context of our search for reducible and irreducible hidder: costs, the
responses of participants in both programs strongly suggest that the programs do an
admirable job of reducing hidden costs. To the extent that these costs can be considered
the result of market failures (e.g., lack of credible information on efficient equipment,
vendors, maintenance, etc.), the program seems to eliminate these failures for the majority
of participants.

From another perspective, these survey results confirm that a majority of participants
systematically underestimated the value of program measures prior to participating. The
process of interacting with utlity staff, vendors, and contractors provides implicit
information, which allows the customer to reassess the costs and benefits of program
measures. One need not be “irrational” to eschew investments in cost-effective
technologies: the process evaluation results suggest that a majority of participating
customers did not seriously consider installing efficient equipment until participating in the
program. What we find irrational is the insistence that individuals and firms should
necessarily follow the strict constructs of homo economicus. The world is too diverse and
too complicated to allow for economically rational decision making, even in the aggregate,
in every arena.
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We hypothesize that this lack of serious consideration is an apt example o what Nobel
Laureate Herbert Simon refers to as “satisticing™:  When deluged by responsibilities and
information, customers are not able to make sound decisions in every facet of their lives.
Customers make tradeoffs which may be suboptimal, and which could be termed
“sconomically irrational” from the perspective of neoclassical economists, but which are
by no means irrational.

Market Transformation

An important justification for utility DSM programs is that they have the potential to
transform markets (Hirst, 1991; Geller and Nadel, 1994). The idea is that the utility
pursues DSM programs that are designed to overcome barriers to the market acceptance
of energy conservation technologies. Such programs can reduce the time necessary for a
new technology to penetrate a market. In theory, utilities will include specific measures in
their programs until those measures achieve sufficient market penetration and no longer
need the program as a delivery vehicle. The utlity can then attend to other cost-effective
technologies that, if introduced to customers through DSM programs, have the potential
to achieve significant market success.

It is important to make clear the prerequisites for a program aimed at market
transformation. The technology must be cost-effective and market-ready. Markets will
not be transformed if the technology is not competitive in all ways. Indeed, the
technology needs to be superior to its competitors when evaluated at the utility's cost of
capital, and it must provide services that are equal to or better than that of the competitor.
Further, the technology must be shown to be only slowly capturing markets. If most
customers would purchase the technology without a utility program, then the program will
attract mostly free riders. Finaily, the utility should eliminate or scale down the program
once the measure has achicved sufficient market success.

We believe that the MECo programs fit this description of market transformation well.
The technologies are superior to their competitors, using utility discount rates to evaluate
their economic performance. They are market ready. Some measures included in the first
years of these programs have already been phased out, and MECo is reducing the size of
its incentive payments as the program and its measures gain credibility among customers.

We might also note that the idea of market transformation fits well with our view,
expressed earlier, that market barriers discourage adoption of energy efficient
technologies. In the case we are dealing with, the unfamiliarity of most decision makers
with the technologies and the limited expertise that they have to evaluate them (in contrast
with many of the other financial decisions that they make in pursuit of their main line of
business) suggests that they would be expected to be hesitant to make the investments. In
eifect, the utility program serves as a large-scale demonstration program. The utility
program reduces the participants' transaction costs to low levels, because the incentive
payments makes the decision to pursue the new technology much easier to evaluate. Over
time, the goal of the program is not just to reduce the participants’ transaction costs but
rather to reduce those of the whole market. That is, the program is intended to achieve

13
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market acceptance for a superior technology so that its use becomes standard practice and
the consumer is likely to accept the fact that it performs better than the less efticient
model.

Such a rationale for a utility DSM program has major implications for the asses. - ont of
the programs. First, it is iinportant to establish that the program meets the criteria of
market transformation, identified above. Second, the impact of the program should be
assessed on both participants and on it overall effect on the market. Stated differently,
one needs to talke account of "free drivers”, those who are induced to use the more
energy-efficient technology as a result of the program. Indeed, the goal of the DSM
programs designed to transform markets is to create free drivers; it thus is essential that
effects of the program on free drivers be considered.

We have already presented the data from the MECo surveys that bear on free drivers:’

« about 2/3 of Energy Initiative participants report, after participating in the program,
that they would now install the measures without an incentive

« more than 60% of designers who participated in Design 2000 report they have
changed their design practices in favor of more efficient lighting and other efficiency
measures

We have devised a simple hypothetical model that suggests that the impacts on free drivers
could yield large increases in estimated program benefits. Our simple model limits the
time frame for the influence of the program on non-adopters to three years (i.c., we
assume that the program speeds up market acceptance by just three years, a conservative
assumption). We assume that the Energy Initiative participants are in contact with their
counterparts and that they will or have spread the word about the success of the energy
efficient measures. In our simple model, we assume that each participant who would now
install the measures without an incentive influences just one non-participant to install these
measures over the next three years. (For purposes of calculation, we assume that this
takes place in year two. Although it is likely that this process might create a type of chain
reaction, with the information flowing from non-participant to non-participant, here we
are only counting first generation effects.) We further assume that 20% of the Design
2000 participants specify program measures in three of their new designs in each of the
next three years. (That is, we assume that only one-third of those designers who say they
have altered their design practices because of Design 2000 actually do, ar.d we assume
that their firms are small ones.)

We believe that all these assumptions are conservative, compared to what is likely to
happen in the real world. Unfortunately, there are no data on the magnitude of the free

7 Recent discussions have distinguished between free drivers, non-participants who adopt measures, and spillover
cffects. which involve participants who adopt additional measures efter program participation. For the purposes of
this discussion we use the term “free drivers” to refer to both groups.
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drivers’ savings, so we are only able to present the results of this hypothetical case. The
results, under these simple assumptions, are:

« the additional net benefits for Energy Initiative are $4.2 million®

o the additional net benefits for Design 2000 are $5.4 million?

Thus, under this hypothetical case, we calculate additional net benefits, beyond those
from the TRC test, of almost $11 million. As shown in Table 4, where we compare the
results of three tests — WTP, TRC, and TRC including a hypothetical estimate of Free
Driver savings — the inclusion of free drivers has the potential to dramatically increase the
overall benefits of both programs.

Table 4. Net Benefits from Three Benefit Cost Frameworks

Program Benefits
Net Benefits from WTP

Design 2000 (309 M)

Energy Initiative ($5.3 M)
Net Benefits from TRC

Design 2000 $27M

Energy Initiative $42M
Net Benefits from TRC with hypothetical free drivers

Design 2000 $8.1 M

Energy Initiative $8.4M
Conclusion

We have noted that the primary difference between Nichols' WTP and the conventional
TRC approaches involves the calculations of net benefits.

One theoretical grounds, we reject the WTP approach for the following reasons:

+ its assumption of perfect markets (or markets which are nearly perfect on average),

« its formulation of measure benefits that are of necessity less than half of utility
rebate costs, thus virtually guaranteeing the result that the program cannot be cost-
effective

8 Additional net benefits are calculated as the difference of avoided costs and measure costs in the Energy Initiative
program multiplied by 0.67 (counting only those who would now install measures) multiplied by 0.945
(discounting in real terms for implemeatation in year 2).

9 Additional net benefits are calculated as the difference of avoided costs and measure costs in the Design 2000
program multiplied by 1.7. One-fifth of Design 2000 participants, multiplied by 9 buildings (three buildings
annually, over three years) multiplied by 0.945 (average building design in second year) is 1.7.
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e its calculation that benefits are unrelated to actual, measured bill savings. thus not
distinguishing between successful and unsuccessful DSM programs

The empirical investigation provides further support for the results of the TRC benefits
calculation. We find no evidence for large or significant "hidden costs.”  We find
considerable evidence that Energy Initiative and Design 2000 overcame market barriers.
The programs convinced most of their participants that the efficiency measures, which
they would not have purchased in the absence of the program, were worth purchasing in
the future without an incentive payment. This data exposes a fundamental flaw in the
WTP framework: participants systematically underestimate measure savings prior to
participating, and the WTP framework consequently underestimates customer benefits as
well.

We note also that the consideration of free drivers can have a startling impact on the
benefits calculation. There is a growing recognition that an important function of utility
DSM programs is to transform markets for energy efficiency. It is thus imporant to
capture the effect of such a transformation in an analysis of these programs. A
conservative, hypothetical model for this phenomenon suggests that the effects of DSM
programs on the market have the potential to increase net benefits by a factor of two. As
such, we conclude that the TRC test could significantly underestimate the benefits of
utility DSM programs, by systematically ignoring the benefits that result from the
transformation of the market, a primary justification for the programs.

References

Geller and Nadel, 1994, Market Transformation Strategies to Promote End-Use
Efficiency, American Council for an Energy-Efficient Economy, Review Draft, February.

HBRS, Inc., 1993, Results of the 1992 Energy Initiative Process Evaluation, Prepared for
New England Power Service Company, Madison, WI, May.

Hirst, E., 1991. Possible Effects of Electric-Utility DSM Programs, 1990 10 2010, Oak
Ridge National Laboratory, Oak Ridge, TN, ORNL/CON-312, January.

Levine, M.D., E. Hirst, J.G. Koomey, J.E. McMahon, A.H. Sanstad, 1994, Energy
Efficiency, Market Failures, and Government Policy, Lawrence Berkeley Lahoratory,
Berkeley, California, LBL-35376, March.

Nichols, A.L., 1994, “Demand-Side Management, Overcoming Market Barriers or
Obscuring Real Costs”, Energy Policy, this issue.

Xenergy, 1993, Final Report Estimation of Free-Ridership for New England Electric
System's Design 2000 Commercial and Industrial New Construction Program, Prepared
for New England Power Service Company, Cambridge, MA, October.

16



FEATURE

Gtockholm Conference Focuses on

Conflic
Planning and

Bl

David B. Wolcott
RCG/Hagler Bailly, Inc.

1n

-

fefuieen

nteqrafed Rescurce
Jeregulafion

major energy conference took place in Stockholm, Sweden last
September which was the second International Energy Efficiency
and Demand-Side Management (DSM) Conference. This was
trulv an international energy event which drew ciose to 400
participants from 39 different countries. While the majority of
attendees were from Europe, there was a strong program on
energy efficiency technology and policy issues relevant to the
North American audience, many of whom attended the first

international DSM conference held last year in Toronto and hosted by

Ontario Hydro.

Conference theme

The theme of this year's conterence was
“Customer Focus” which was succinctly
described in the opening address bv Bertril
Agrenius, senior vice president of Vattentall,
the Swedish utility and the conterence host.
“Most of us in the power industry have lived
for a long time 1n monopoly markets,. where
political decisions have governed a major part
of our actions and our main concern was to
rind wavs of meeting the increasing demands

for electricity. No longer will we be able to
plan how much power and other forms of
energy the consumers need and for which
purposes. The market will take over and the
consumers will decide for themselves what
they want.

This theme was echoed throughout the
program in a track on energy efiiciency in
competitive markets and a special session on
electricity markets in transition. Perhaps
nowhere was the theme engaged more directly

(
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than 1n an all dav conference workshop on
Fixing the U K. Electric Svstem to Provide
Incentives for DSM. Proauced bv the DSM
Training Institute, the workshop addressea a
fundamental question on many people’s lips: Is
American-stvie DSM and integrated resource
planning appropriate for the electric systems ot
Europe and manv other countries of the world
that are undergoing deregulation?

Integrated resource planning vs.
deregulation
In addressing this question, 1t is important to
unaerstand that two major trends are defining
the issues and colliding head-on in the interna-
tional utility scene. At one extreme is DSM and
IRP as implemented in the U.S., in which the
unlikely phenomenon of vertically-integrated
utilities assisting their customers to save energy
has been largely driven by the heavy hand of
regulation. The public utility commission,
relatively independent of either direct political
influence or the forces of the marketplace, is a
uniquely American institution. Some would
say that the juggernaut of special benefit/cost
tests, regulatorv incentives for utilities and
incorporation of environmental externalities is
a massive market distortion wrought by over-
zealous regulation.

At the other extreme is the radical
restructuring of the electric system which the
U K. started five vears ago. From a national-
ized. vertically-integrated utility, the U.K. now
has a largely privatized, disaggregated utility
system with separate generation, transmission
and distributicn companies. This restructuring
was undertaken with the primary goal of
introducing competition and achieving eco-
nomic efficiency in rates. it is still unclear the
extent to which this grand experiment has
succeeded in accomplishing its goal. It has
become apparent, however, that the U K.
system provides significant disincentives to the
development of DSM as an electric resource,
since the distribution companies are motivated
to maximize their revenues through increasing

retall sales. There are no mechanisms to
compensate or reward the distribution comna-*
nies or anv other participant in the svstem tor
undertaking DSM. The result is that little DSM
s currently being implemented in the U.K.

To the extent that DSM is a least-cost
alectric resource, this situation poses a real
oroblem for the U.K. This problem 1s being
greatly magnified moreover because the U .K.
electric system is being considered as a model
of restructuring for privatization and competi-
tion by many other countries. For example,
Norway, Poland, Chile, Argentina, Australia
and New Zealand have each adopted one
iorm or another of the U K. svstem. Thus, if the
U.K. model is not fixed soon, some would say
that these and other countries will be con-
demned to a utility planning and resource
acquisition process that is seriously flawed
from society’s point of view.

There is probably a diversity of opinion in the
ESCO industry about the extent to which the
DSM market has opened up for them in the U.S.
Certainly, major opportunities have become
available through the DSM bidding programs of

“the last five years.

The middle ground
Is there a middle ground? Oddly enough, the
situation in the emerging economics of eastern
Europe may provide the proving ground to
answer that question. Having made a relatively
clean break with their communist past, these
countries present a clean slate unfettered with
either regulatory institutions or the ideology of
the marketplace. A track in the conference
program on energy efficiency and DSM in
central and eastern Europe presented a number
of perspectives on the situation. in the conter-
ence workshop, the restructuring of the Polish
power sector was described as an example of
turn to page 12
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an attempt to merge the best or both worids.

While Poland has adopted the disag-
gregated utilitv svstem structure of the U.K.
model, it refuses to abdicate responsibilitv tor
energy poiicv to the marketpiace. Instead. the
government has proposed a hvbrid approach
in pending energy legislation. Through a “light
hand” of federal reguiation, the transmission
company will retain responsibilitv for balanc-
ing the availabilitv or and demand for electric
resources through an IRP process. Then, it will
undertake an all-source competitive bidding
auction (as pioneered in the U.S.), leaving it
up to the marketpiace to deliver those eilectric
resources. In the auction, utility generators and
independent power producers will bid electric-
ity supply while distribution companies,
energy service companies (ESCOs) and large
customers will bid DSM.

Perhaps two years from now, conditions in the
emerging economies will have stabilized to the
point that U.S. ESCOs will be launching major
marketing efforts associated with the conference.

How will this impact ESCOs?

What does this mean for ESCOs? One thing
which is clear is that there is no market for
ESCOs to implement DSM in the UK. To the
extent that the U.K. model is adopted around
the world, ESCOs need not appiy. There is
probably a diversity of opinion in the ESCO
industrv about the extent to which the DSM
market has opened up for them in the U.S.
Certainlv, major opportunities have become
available through the DSM bidding programs
of the last five years. However, most utilities
were forced by their regulators to undertake
those programs which tended to compete with

their own DSM and customer service activities.

The lukewarm reception and frustration
working with the utilities have left some
ESCOs wondering whether the experience was

worth it. Granted. there have been some
constructive efiorts to forge more cooperative
relationships, most notablv through the
standard offer programs.

Nonetheless, the ESCO industrv
should probably focus on the Polish model as
the best DSM market development opportunitv
to come along in a long tme. Whv? Because
ESCOs will be able to compete fairlv against
all other vendors of electricai resources, the
system will compensate £ESCOs fairly for the
value of the DSM resources thev develop. and
there will be no innerent contlict between
E£SCOs and the transmission company chargea
with creating the marketplace. As important,
the pump for investments in electric resources
in Poland will be primed with a $1 billion
power sector loan from the World Bank that all
parties have agreed to appraise on the basis of
the IRP results. This development is an impor-
tant precedent not only for the World Bank but
also for all the other countries in the post-
communist world of eastern Europe and the
former Soviet Union which are looking to
Poland for leadership in this field.

Some U.S. ESCOs have already started
to explore markets in eastern Europe, through
NAESCO’s export trade company and on their
own. For example, ESCO project development
activity has been reported in Hungary.
NAESCO is also involved in a project spon-
sored by the U.S. Agency for international
Development to investigate ESCO market
opportunities in the Czech Republic. The
largest Polish electric distribution company is
poised to undertake an industrial DSM pilot
project that has been designed for implementa-
tion almost exclusively bv ESCO:s. Nonethe-
less, the post-communist markets are still
unsettled from the wrenching political and
economic transitions of the last four vears and
present a lot of risk and uncertainty for all
western companies wishing to do business
there.

If there was a sub-theme to the
Stockholm conierence. it certainiy was the ’L‘



sitwation 1n eastern Europe. The boundaries
between eastern ana western Europe are
slowing dissolving, the emerging economies
continue to mature ana the drive for a united
Europe continues to gain momentum. This
iocus will no doubt shift back to North Ameri-
can issues for the third international DSM
conference which is already scheduled for
November 1-3, 1994 in Vancouver, to be
hosted bv British Columbia Hydro. However,
ESCOs formulating strategic plans should mark
their calendars for the Fall of 1995 when the
tourth international DSM conierence will go
back to Berlin. certainiv the svmbol of the
iusion Of east and v-est, as it is slated to be
Germany's new capital in the heart of eastern
Europe. Perhaps two vears from now, condi-
tions in the emerging economies will have
stabilized to the pont that U.S. ESCOs will be
launching major marketing efforts associated
with the con.erence.
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If there was a sub-theme to the Stockholm
conference, it certainly was the situation in
eastern Europe. The boundaries between eastern
and western Europe are slowing dissolving, the
emerging economies continue to mature and the
drive for a united Europe continues to gain
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