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(ABSTRACT) 

This thesis investigates the experiences of 25 

communities across the United States who are involved in 

community energy planning, to determine the extent to which 

communities have engaged in economic study of their energy 

plans and programs. Case studies are written on each of the 

community experiences as a means of documenting the economic 

analysis performed by each. Next, a discussion of the case 

studies includes conclusions about: the degree of a~alysis 

performed to determine _effects on the local economy; whether 

economic analysis facilitates implementation; and if there 

truly are benefits which can be reaped by the local economy. 

Finally, the thesis suggests a solution to the lack of 

economic analysis which is proposed by the hypothesis to 

exist in community energy plans and programs. The solution 

is presented in the form of a framework intended to be a 

means by which communities can assess their energy plans and 

programs in economic terms. 
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Chapter I 

INTRODUCTION 

1.1 PROBLEM STATEMENT 

There are many communities across the nation which are in 

the process of, or have already implemented energy programs 

(Randolph, 1981). Such activity is most commonly considered 

to be a response to national fuel shortages which occurred 

in the seventies and their resulting effect on energy 

prices. Each community involved in energy planning efforts 

has taken a different approach to plan or program 

development and implementation, thus creating a wide range 

of experiences. These experiences vary by the methods and 

degree of analysis used in plan development. The resulting 

lack of uniformity among community energy planning efforts 

is shown in the final products, which range from 

comprehensive studies to more simple program proposals. It 

is also indicated in the range of success achieved by the 

comrnuni ties in the implementation stage of the planning 

process. 

While the approaches and experiences of each community 

have varied significantly, 

rationale for such efforts. 

there does exist a common 

Potential economic benefits 

provide an incentive to many communities approaching 

1 
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community energy planning. David Morris refers to this in 

his book, Self-Reliant Cities (1982, p. 6): 

"The new technologies give cities the opportunity 
to seek energy independence. But the opportunity 
is only grasped when there is a motivation to do 
so. The impact of rising energy payments on the 
local economy has proved to be such an incentive. 
The collective fiscal impact of energy imports on 
the local economy has become increasingly harmful. 
By 1980 more than 20 percent of the gross income 
of a community is paid for energy; 90 percent of 
these dollars leave the local area." 

The literature continues to allude to the benefits of 

community energy programs to the local economy. However, 

little quantitative data to support such intuitive claims 

are provided in planning literature. For example, Alan 

0kagaki and Jim Benson in their book, County Energy Plan 

Guidebook ( 1979, pp. 2-4), refer to the economic benefits 

associated with dollar savings due to energy conservation in 

the following manner: 

"Besides offsetting inflation, this increase in 
discretionary income (resulting from a reduction 
in energy expenditures due to energy programs) 
further increases the amount of money remaining in 
the local economy to be spent and re-spent. Money 
that does not go out of the county circulates 
through the local economy and has a 'multiplier 
effect' where it creates more jobs, finances more 
investments, and pays more wages. Money spent on 
local goods and services usually goes to small 
businesses which create more employment per dollar 
of income than large businesses." 

Morris' Self-Reliant Cities (1982, p. 189) also vaguely 

refers to economic benefits: 
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"Communities that reduce their spending for 
imported energy thereby increase the amount of 
money they can spend for other purposes that may 
be more beneficial to the local economy." 

The question of how the economy will benefit and to what 

degree is left unanswered in yet another example (Randolph, 

SLR 1981, p. 254): 

"Greater local energy production and efficiency 
improvements can retain more dollars in the 
community to fuel the local economy." 

Finally, in a study done by J.L. Moore et al. (1981, p. 25) 

entitled: The Comprehensive Community Energy Management 

Program: An Evaluation, evidence points to the lack of 

economic analysis in energy plans and the need for it: 

"there may be a need for more economic evaluation 
than was possible under the CCEMP program. 
Convincing residents, and businesses especially, 
of the need for energy efficient improvement 
requires proof of their economic value. In 
addition, translation of proposals to easily 
understandable economic or financial terms is 
valuable in securing support for program actions." 

These examples show that although there is an intuitive 

perception that energy plans and programs can lead to 

improvements in the local economy, there is little data to 

support it. In addition there is little information in the 

literature on how those engaged in energy planning have 

conducted economic analyses. 

Economic analysis in energy planning includes study of 

both program cost effectiveness and effects on the local 



4 

economy. There is a distinct difference between these two 

phases of economic analysis which must be understood to 

follow the use of these terms throughout the thesis. Cost 

effectiveness studies must be done before effects on the 

local economy can be determined. The cost effectiveness of 

an energy plan or program can be determined through one of 

the following techniques: payback, cash flow, life cycle 

cost, or benefit/cost analysis. Each is discussed further 

in Chapter IV. Program or plan cost effectiveness is often 

determined by a community to demonstrate the feasibility of 

a program or plan in terms of direct dollar costs and 

benefits. Communities seldom include the next phase of 

economic analysis, effects on the local economy, or economy 

effects, when considering program feasibility. These 

effects include: direct on-site jobs, increases in local 

sales, increases in local income, and many other multiplier 

effects. Both cost effectiveness and economy effects will 

be discussed further in Chapter IV. 
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1.2 SCOPE OF THESIS 

This thesis explores the extent to which communities 

throughout the U.S. involved in energy planning have 

engaged in economic studies. Based on case studies of those 

communities, the following hypothesis is tested: 

"community energy planning efforts in the 
not reflect indepth analyses of effects 
local economy." 

U.S. do 
on the • 

In addition, based on the cumulative experiences of those 

communities, a general framework is developed for economic 

analysis in community energy planning. Economy effects are 

often overlooked due to misconceptions about the degree and 

complexity of analysis necessary. The framework developed 

here, provides communities with a uniform means of 

quantifying economy effects often alluded to within energy 

plans. It is presented in phases which can be followed 

depending on time, resources, and personnel available to a 

community. 

The thesis also explores other questions, including: 

1. Does economic analysis facilitate implementation of 
energy plans and programs? 

A link between the degree of analysis and respective levels 

of program implementation success in various community 

energy plans may be established through an examination of 

such plans. Such a link is referred to in a study done by 

Randolph (1982, p. 11): 
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"Seattle produced the most extensive analysis of a 
conservation program, showing the detailed costs 
and energy and dollar savings of its Community 
Energy Redevelopment Plan. This analysis was 
instrumental in the adoption of the CERP." 

2. To what extent do economic analyses conducted in 
those communities studied support the claim that 
community energy programs benefit the local economy? 

The economic analyses conducted by communities may provide 

the data necessary to test the viability of such claims made 

in energy planning literature. 

1.3 METHODOLOGY 

The methodology used in this thesis involves four steps 

described in the following paragraphs. 

l. The data presented takes the form of several case studies 

which are based on information obtained from communities 

across the nation who are involved in energy planning. A 

literature search was done to identify communities involved 

in energy planning. Further examination of community energy 

planning experiences led to the identification of those 

communities which included some degree of economic analysis 

in their plans. The plans and documents from these 

communities provided the basis for the case studies. 
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2. An examination of the plans and documents was done to 

determine how the various communities had approached energy 

planning and what degree of analysis had been performed. A 

case study was then written on each community energy 

planning experience. These case studies later served as a 

reference -for development of the framework presented in step 

4 below. 

3. Conclusions were drawn from the case studies in this 

step. A discussion was then developed in response to the 

following questions relating to the hypothesis: 

A. Do community energy planning efforts in the U.S. 
reflect indepth analyses of effects on the local economy? 

B. Does economic analysis facilitate implementation of 
energy plans and programs? 

C. To what extent do economic analyses 
those communities studied support the 
community energy programs benefit the local 

conducted in 
claim that 

economy? 

4. A general framework for performing an economic analysis 

of community energy plans and programs was developed in this 

step. The framework, as stated in the scope of the thesis, 

was developed in phases which can be followed depending on 

time, resources, and personnel. The phases are: 

A. Phase 1 - Energy Economic Audit Data 

B. Phase 2 - Program Cost Effectiveness 

C. Phase 3 - Effects on the Local Economy 
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Each of the above steps is included in the three major 

chapters of this thesis. Chapter II is composed of the 25 

case studies performed on communities across the United 

States involved in energy planning. The case studies are 

then discussed in Chapter I I I as they relate to the three 

questions stated above. Finally, Chapter IV is a 

presentation of the framework developed for performing 

economic analysis of energy plans and programs. 



Chapter II 

CASE STUDIES OF COMMUNITIES ENGAGED IN ENERGY 
PLANNING 

2.1 OVERVIEW 

The case studies presented in this Chapter provide 

examples of various approaches and degrees of cornrnuni ty • 

energy planning efforts. The cases refer to both 

comprehensive energy plans and specific energy programs. 

Each case study, begins with a brief description of the plan 

or program, then focuses on any quantitative data and/or 

analysis relating to economic effects, and how they were 

calculated. The quantitative analysis provided, will later 

be used as a reference for the framework presented in 

Chapter IV. The information from the case studies will also 

be used in Chapter III to address three important energy 

planning issues: 

l. Do cornrnuni ty energy planning 
reflect indepth analyses of 
economy? 

efforts 
effects 

in 
on 

the 
the 

u. s. 
local 

2. Does economic analysis facilitate implementation of 
energy plans and programs? 

3. To what extent do economic analyses, conducted in 
those cornrnuni ties studied, support the claim that 
community energy programs benefit the local economy? 

The materials used in preparing the case studies 

consist of various plans, studies and reports. Each was 

9 
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typically written by and included input from one or more of 

the following groups: the local planning agency, citizen 

groups, the local utility company, and private consultants. 

These case study source materials were obtained through 

written correspondance with the various communities involved 

and through library sources. 

The selection of communities 

contacting those communities 

to be studied began by 

participating in the 

Comprehensive Community Energy Management Program ( CCEMP). 

CCEMP was a demonstration project funded by the Department 

of Energy (DOE), and managed by Argonne National Laboratory 

(ANL). Ten of the twenty-five case studies discussed are 

based on CCEMP projects. Those communities which 

participated in CCEMP produced the majority of the more 

informative plans discussed here. Because of the funding 

available to them, these communities were possibly better 

able to prepare more comprehensive plans, which often 

contained detailed quantitative analysis. Efforts in 

several other communities were also investigated. A 

complete list is provided below; they are grouped according 

to the degree of economic analysis conducted. 



Group l 
l. 
2. 
3. 

Group 2 
l. 

*2. 
*3. 
*4. 
*S. 
*6. 
*7. 
8. 

- Little or No 
St. Paul, MN 
Austin, TX 
Davis, CA 

- Analysis of 
Palo Alto, CA 
Greenville, NC 
Knoxville, TN 
Seattle, WA 
Richmond, IN 
Dayton, OH 
Janesville, WI 
New York, NY 

11 

Economic 
4. 
5. 
6. 

Analysis 
Ann Arbor, MI 
Oceanside, CA 
Ashland, OR 

Program Costs and Benefits 
9. Carbondale, IL 

10. Eugene, OR 
11. Santa Clara Co., 
12. San Diego, CA 

*13. City of Boulder,· 
14. Portland, OR 
15. Springfield, IL 

CA 

co 

Group 3 
*l. 
2. 

*3. 
*4. 

- Analysis of Effects 
Bridgeport, CT 

on the Local Economy 

Boulder Co., CO 
Philadelphia, PA 
Los Angeles, CA 

* CCEMP Communities 

2.2 GROUP 1 LITTLE OR NO ECONOMIC ANALYSIS 

This section includes those communities which performed 

little or no economic analysis in their energy plans or 

programs. Communities in this section may have referred to 

the economic benefits associated with their plan or program, 

but provided no analysis to substantiate their statements. 

In some cases the community was very successful in 

implementation despite the prior lack of analysis. Others 

are only in the first phase of program development and 

expect to analyse specific programs later. There are a few 
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others which have ignored the issue entirely in their 

progression toward plan or program implementation. 

St. Paul, MN 

St. Paul's energy planning effort began with the 

formation of a 100+ member task force divided into five sub-

committees. Each sub-committee addressed one of the 

following subject areas: transportation, existing housing 

and zoning, new housing and construction, large energy 

users, and education. They each developed recommendations 

for implementation in the areas of conservation, alternative 

energy systems and legislative/administrative changes (St. 

Paul, 1980). No economic analysis was included in this 

stage of the Saint Paul Energy Project. 

Economic feasibility studies were conducted on a 

demonstration 200 megawatt hot water district heating system 

using waste heat from a downtown power plant operated by the 

private utility. The studies indicated the feasibility of 

the project and moves are being made toward implementation 

(Randolph, 1982). 

Austin, TX 

The City of Austin has produced a comprehensive energy 

management plan through its "little CCEMP" program operated 

by the state of Texas. Learning from the experiences of 
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CCEMP communities, Austin was able to develop their plan in 

one year and is proceeding toward implementation more 

quickly than CCEMP communities (Randolph, 1982). The 

planning effort was primarily undertaken by a volunteer Task 

Force. The Task Force was divided into six sub-committees 

to examine six areas of interest: commercial-industrial-

educational, land use, production, residential, resource 

recovery-renewables, and transportation. Each sub-committee 

identified goals, strategies and implementation activities 

for their particular area of interest. Further 

investigation was then conducted to determine the 

feasibility of specific program proposals (OECRR, 1981). 

One proposal found to be feasible was the retrofit of the 

City's Torn Miller Darn for 9 MW of hydropower. The City is 

presently continuing efforts to develop this proposal 

further (Randolph, 1982). 

Davis, CA 

Davis has received recognition nationwide for its 

success in community energy planning. One program of 

particular interest is their energy efficient building code. 

Included in the code are exemptions which encourage the use 

of solar energy in building design. "One local builder who 

was initially opposed to the ordinance indicated that the 

regulation added only $60 each to the cost of 21 homes he 
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had built since the ordinance took effect" (Randolph, 1981 

p. 28). As a result of their efforts, household gas 

consumption decreased 24% from 1973 to 1979. Electric 

consumption also decreased during this time period by 10%. 

Davis' goal is to reduce overall energy use by 50% over a 10 

year period ( 1976-1986) (Vine, 1981). No indication is 
• given as to whether Davis had done any economic analysis on 

their various programs before they were implemented. 

Ann Arbor, MI 

The City of Ann Arbor produced a comprehensive energy 

plan containing a number of findings from their energy 

steering committee (Ann Arbor, 1981). It proposes specific 

action programs and activities for the city without the use 

of quantitative background data such as an energy audit. 

Further action is expected to occur emphasizing energy 

program promotion and education and expanded quantitative 

studies (Randolph, 1982). 

An existing program which is expected to be expanded in 

the proposed work plan is the Low-Cost/No-Cost Energy 

Conservation Horne Visit Program. In 1981, the program 

consisted of a 3+ hour home visit using $75-$100 of 

materials and serving 85 households. It resulted in an 

estimated 10% to 30% energy savings per household and a 

collective savings of over $9,000, representing a payback 

period of less than two years (Freidman & Frey, 1982). 
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Oceanside, CA 

Oceanside established a Municipal Solar Utility (MSU), 

the prime element of which includes a Solar Leasing program. 

Using capital raised from private investors and contracting 

with private leasing " • .... 1rms, the MSU leases solar domestic 

hot water systems, enabling local residents to forego the 

initial investment and maintenance cost of the systems. 

Taking advantage of the 55% State Solar Tax Credit, a leasee 

would have a monthly charge of $11.25 compared to an average 

cost of $13-$19/month for hot water energy from San Diego 

Gas and Electric. The program is expected to not only 

benefit consumers but also act as a catalyst to the local 

solar industry, both in sales and construction (Millenbah & 

Sansone, 1982). However, no economic analysis is provided 

in their documents to substantiate this claim. 

Ashland, OR 

Ashland's success with implementation of their solar 

access ordinance and performance standards in new 

developments was partly attributable to the cooperation 

between planners and the building community (Randolph, 

1982). No economic analysis was done to evaluate the effect 

of these ordinances on the community. It might be 

concluded, however, that positive participation between 
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builders and the public sector may not have so readily 

occurred . ,, 
J. ... the private sector had not perceived the 

ordinances to be beneficial. 

2.3 GROUP 2 - ANALYSIS OF PROGRAM COSTS AND BENEFITS 

This group of case studies includes communities which 

examined the potential dollar costs and savings associated 

with their energy plans or programs. Often, only data is 

provided with no indication of how the analysis was 

conducted. The analysis varies, but in all cases an attempt 

is made to determine if a specific program will be cost-

effective. The results are often useful in convincing local 

citizens and officials of the benefits of the program to be 

implemented. 

Palo Alto, CA 

Through its municipal utility, Palo Alto has initiated 

a solar loan program to help citizens finance solar domestic 

hot water (DHW) systems. Start-up funding for the solar 

loan program came from the Utility Reserve with additional 

funds later provided by a line of credit secured by the 

utility from a local bank (Randolph, 1982). 

The following indicates the economic effects which Palo 

Alto expects to enjoy as a result of the program. 

"The 
year 

installation of 3000 
1985 would result in 

solar systems by the 
energy savings of at 
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least 880,000 therms per year. The 1980 dollar 
savings would be equivalent to $962,000 annually. 
Moreover, • utility price projections for gas 
indicate that the value of the gas savings could 
amount to $2,232,000 (1980 dollars) in annual 
savings by 1990. The impacts on the local economy 
are also impressive. Well over $10 million will 
be spent purchasing solar systems. Sales will 
involve solar businesses and contractors, 
primarily in the Peninsula and South Bay area" 
(Palo Alto, 1980). 

Palo Alto identified the high cost of energy as a problem 

and sought a means of addressing it. Unlike many other 

communities, they had the advantage of a city owned public 

utility to administer the program. This may have 

facilitated implementation, precluding the necessity of 

further analysis. Palo Alto has shown they are aware of the 

economic effects, but provided little analysis to 

substantiate their data. 

Greenville, NC 

The City of Greenville participated in the 

Comprehensive Community Energy Management Program ( CCEMP). 

The resulting plan contains recommendations for energy 

conservation and energy production from renewable sources of 

energy. The plan suggests that II supply options combined 

with moderate energy conservation could reduce the outflow 

of energy dollars by nearly one-half. This alone could 

create 2500 jobs not including the multiplier effect" 
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(Greenville, 1981, p. S-2). The plan also indicates that 

with development of their own energy supplies and use of the 

existing energy distribution company, the Greenville 

Utilities Commission, Greenville could substantially 

decrease their dependence on outside energy sources. In 

1978, the per capita energy expenditure was $615, $.10 on 

every dollar earned, or $33 million for the community. This 

is expected to exceed $1200 per capita, $.17 on the dollar, 

or $105 million for the cornmuni ty by the year 2000 if 

current levels of consumption continue (Greenville, 1981). 

The Appendix to the plan includes an economic 

assessment of alternative energy options. Based on other 

studies, cost/unit of power is provided for nine types of 

systems, such as municipal solid waste conversion. In Phase 

Two (yet to be printed) of their work, Greenville has 

selected four of these options for further energy and 

economic analysis, including: multifuel cogeneration and 

district heating, municipal solid waste energy recovery, 

cogeneration using internal combustion engines, and large-

scale solar thermal energy. 

Greenville provides no methodology to explain how they 

derived their economic data. They also seem to have based 

the cost/unit of power produced by various energy systems on 

data from other studies. 
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Knoxville, TN 

The City of Knoxville and Knox County also participated 

in CCEMP. They have developed a Community Energy Action 

Plan which stresses conservation and management of energy. 

It is stated in the Plan that "nearly all the energy used 

locally is produced outside of Knox County, every energy 

dollar we spend on energy 'leaks' out" (Knoxville, 1980 

p .1). They also point out that 20% of per capita income is 

spent on energy in one form or another. Knoxville's Plan is 

expected to be a means of addressing this increasing 

problem. 

The Action Plan consists of objectives, actions, and 

results, such as in the example shown in Figure 1. The 

results indicate cost and savings for each Action, including 

both household and community effects. The numbers are very 

basic and no methodology is provided to indicate how they 

were derived. 

Seattle, WA 

The Seattle CCEMP plan focuses on an electricity 

conservation program, the Community Energy Redevelopment 

Plan (CERP). The CERP program is a "voluntary, incentive-

based, community-focused marketing strategy, designed to 

achieve maximum cost-effective energy savings in all of 

Seattle's 150,000 buildings over 30 years" (Randolph, 1982, 



OOJECTIVE: 
RESIDENTIAL BUILDINGS (Cont.) 

SPECIFIC ACTION 

12. Improve the .,,eatherization standard 
in existing homes. (See pp. 20, 30}. 

• Dramatically increase partici-
pation in TVA/KUB/LCUB Home 
Insulation Program (HIP) thru 
continued education of its 
benef1 ts. 

* Continue the Knox County Corm1unity 
Action Conin1ttee Low Income 
Weatherization Program. 

* Offer economic incentives to 
community residents by exempting 

- energy saving home improvements 
from increases in property value 
when the property 1s reassessed. 
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nESULTS 

Savings: 1.15 11i1lton BTU's per year, or SlS0.00 per 
year (heating, cooling, hot water) (@: current 3,71: 
per- KI.H 1n an all electric home). 

Cost: Inspection- No charge to r-cs1dent. Weatherfz-
atfon- $1,000.00, or- Sll.90 per rronth for 7 years. 

Net Savings: U,450.00 in 7 year-s, assU111lng I 101 per 
year increase in prtce of electricity, Breat. even 
during fifth year. 

Savings: II' 2SI of 111 existing h0111es -.ere -.eather~ 
!zed, the net savings would be 33.5 billion BTU's 
per ye1r, or 234 billion BTU's over 7 years. 
Assuming 101 per year Increase In price of elec~ 
trfcity, this would save over $42 ml111ot1 during 
the seven year period. 

Cost: Just under $29 111llton over 7 years. 

Net Savings: About SU 11111110n over 7 years. 

Source: Knoxville/Knox County Metropolitan Pla:i.ning 
Commission, "Cor;u.iuni t:.r Energy Actio:1 Plan-
Volume II," December 19-30. 

Figure 1 Specific Actions and Results 
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p.5). The City of Seattle estimates that it can save $395 

million by the year 2010, if their energy plan is enacted 

(Seattle, 1981). 

Presently, conservation measures are cheaper than any 

other source of energy for Seattle homeowners, except 

electricity. The price of electricity, however, is expected 

to rise sharply and exceed conservation costs if demand 

continues to increase and new generation facilities are 

needed. Seattle' derived the following energy cost figures 

comparing various conventional sources of energy against 

conservation and new thermal generated electricity (Seattle, 

1981) ( see Figure 2). Because conservation measures are a 

fixed expense, ,they will not fluctuate as the cost of other 

energy sources are expected to. 

• Conservation - $7.88/million BTU 

• Natural Gas - $9.15/million BTU 

• Oil - $13.83/million BTU 

• Electricity - $4.75/million BTU 

• New Thermal Generated Electricity - $12-$15/million BTU 

Seattle has 

implemented can 

dollars. Figure 

prepared an 

potentially save 

3 shows that 

energy plan 

both energy 

these dollars 

which if 

and energy 

saved are 

expected to stimulate the local economy by the circulation 

of conservation and local energy production costs back into 
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the economy creating an import substitution effect through 

the resulting decrease in energy imports. However, no 

economic analysis is provided to substantiate this intuitive 

concept. 

Richmond, IN 

Richmond's Final Action Plan under CCEMP assesses the 

local energy situation and suggests a general plan of action 

and the implications involved. Richmond is dependent on 

foreign imports for 25% of their energy needs. This figure 

is small due to the municipal utility, Richmond Power and 

Light, which generates most of the community's energy needs 

from coal provided within the state. This dependence on 

foreign imports may be significantly smaller than most 

communities, however, Richmond's transportation sector is 

50% dependent on their imported oil supply. For them, "the 

implementation of new and alternative energy technology is 

directed primarily at preserving the economic stability of 

the City" ( Richmond CCEMP, 1981, Part 3). 

Richmond's main objective is to conserve and convert 

energy. The conservation program, is dependent on a 

conversion program which shifts energy use away from 

imported oil toward the development of local energy sources 

including: a district heating system, groundwater resources, 

and solid waste for energy. An example of the economic 
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assessment carried out by Richmond on one of their proposed 

conversion programs, the groundwater management plan, is 

shown in Figure 4. No quantitative data is provided which 

assesses the impacts of Richmond's proposed conservation 

programs. 

Dayton, OH 

The City of Dayton's CCEMP plan was directed by a 20 

member steering committee. Its purpose was to develop an 

energy plan which would identify and address through energy 

alternatives, energy problems facing Dayton over the next 

5-20 years. The plan approached this task by first doing an 

energy audit which surveyed the energy end use in Dayton for 

the year 1978, and then projected energy needs for the years 

1985 and 2000. This provided a basis for developing goals 

and objectives and alternative strategies to implement the 

objectives. 

The Dayton Plan, illustrated future energy problems by 

computing energy costs as they apply to individual 

households. Figure 5 indicates how increases in energy 

costs will eventually leave less personal income to be spent 

on other uses. This in turn will mean less money to be 

recycled into the local economy (Dayton, 1981). Table l 

shows those benefits which an individual household can 

realize if certain conservation measures are implemented. 



The Conversion Program 

The key to the conversion scenario is that you really 
Jon't save BTIJs - you convert from gas and oil to a corrq1arably-
sizeJ electric-fired system. The savings are monetary, and 
only over an extcnJed period of time. 

A. Cromdwatcr Management Plan 

1. AssU1nc: " 30° averacc winter temperature 
80,000 BTU/hour house (system sized 
to provide 80,000 BnJ/hour @ 30°, 
neeJ 40,000 BTIJ/hour to heat 

- 40,000 DTlJ/hour x 24 hours ., 960,000 BTU/day 
- 960,000 BllJ/Jay x 30 = 28,000,000 BTlJ/IOOnth 
- 100,000 BTIJ/ft3 or gas 3 - 28,800 1000 BllJ • 288 units of gas 100 ft 

100,000 BiU/ft3 ~as 
- according to the ~as co. fuceITOer, 1980 data, 

rate is $.35/100,000 BTU= $3.50 BTIJ 

RrllK'mher: - llouse take~ 28,800,000 RTII (oil, ca~) month 

2. Calculate: 288 ft 3 cas x $.35 rate - SlOO.no ronth ~a::; fil!.!. 
3. f.onvcrt: Resistance heating ~ill re<Juire 20\ less 

BTU {because it Jocs not lose Brus up 
the chimney like ~as and oil.) 
.•., BTU rettuireJ with electricity are 
23,040/nonth 

51 

101 

S. Conclusion: 

6. Realize: 

homeowner saves S3.00/nonth over cas bi 1l 

we save next to nothin1,:. 
the projecteJ fuel costs 
and cas 

But e1,amine 
heti.:ccn electricity 

7. Assunc: 

8. Assune: 

9. Recall: 

10. Realize: 

11. Assume: 

12. Recall: 

conversion 

conversion 

I 

Save: 

By 1985, electricity will have a SO\ increase 
bringin~ the heat pump bil I to $150/month • 
Dy 198S, cas will have a 100\ increase, 
bringing the gas heat hill to $200/month 
note - difference of $50. 00 

oil hi 11 will he $200/mouth for heat. 1980 

- heat r•-ur~i bill is $97.00 

- heat ptuup already cost-effective over oil 
save: $103 

- oil prices 2 1/2 tin~s 1980 prices in 1985. 
brings the oil bill to $500 

- heat ptmp hill (1985) SlSO 
save: $350 

9.B.3 --il,,,s, I 41,864.;s • 142,2S7;""~ 

4Un ga$ 
1980 1985 

from oil 
1980 1985 

$1,866.6 $:ll ,110 $ 83,728.7 I 284,515 

use: 23,040,000 6757 kw @ 3.6t k-w = $243.04/nonth elec. bil 
• 3413 

25! conversion $4,666.5 $77, 77S $209,321.75 $ 711,285.5 

* 1 b1 electricity "' 3513 B1lJ SO't conversion $9 ;;; $155. 550 $418,643.50 SI ,422,S7S 
4. With ~round water 

heat pump $243.04/mrmtb $97.00 
Z.S cop for heat punp , 

Assunes: 6222 units use gas space heat 
8129 units use oil space heat 
1695 unjts use electric space heat 

Source: Richmond CCEMP. "CCEMP After Two Years 1930 
( presented to the Common Year End qeport.'' 

Council of the City of Richmond, Indiana) January 

Fit,ure 4: Estimated S/~TU Savings 

1931. 

"' "' 
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Limited explanation is given to indicate how any of these 

numbers were derived. 

Janesville, WI 

The Janesville CCEMP plan focuses on existing and new 

structures in the residential and municipal sectors only, 

emphasizing energy management and conservation. 

Janesville's Plan is composed of six tasks; Task IV includes 

an impact ,assessment which evaluates alternative programs. 

A subjective assessment such as that shown in Table 2 for 

the municipal sector, was conducted for various strategies 

categorized by plan objectives. These include: hiring of an 

energy coordinator; residential regulatory, inc en ti ve, and 

educational measures; and conservation strategies at the 

municipal level. 

From their subjective assessment, the planning team 

calculated the possible energy and dollar savings which 

could result from the strategies outlined. For example, 

Table 3 shows the energy savings possible if past trends 

continue, and additional savings possible if the plan goals 

are met in the municipal sector. No detailed methodology is 

given on how the energy savings and program cost figures 

were derived. 
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TA:ELE 1 
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TABLE 3 

Projected Energy Use And Possible Savings: 1979-1935 

1980 fst imate ENERGY COST rnao • 1985 

6U!LD!NG 1979 CURRENT OOLLAR5 CO,~STANT 1979 DOLLARS 
1980 $ 1979 $ At 1979 Plan 6 Year At 1979 Phn 6 Year 

Ilse l.evels Goal Savings use Levels Goal Savings 

NATURAL GAS* 
Municipal Building 14,032 12,438 9.595 158,832 95.299 63,533 84,005 50,400 33,605 
Jee Arena 8,864 13,969 12,173 88,032 88,032 53,190 53,190 
Public librd:ry 18,040 11,331 · 9,874 180,518 90,289 90~289 .1107 ,888 53,944 53.944 

ELECTRICITY 
Kuniclpat Building 26 .434 25.836 22,267 268,405 187,861 80.544 158,582 111,000 47 .582 
lee Arena 36,996 40.859 41,546 356,994 356,994 221,968 221,968 
Public librory 17 .324 16~967 15,255 168.638 118,048 50,500 103~941 72,756 31. 185 

TOTAL 121,690 121,400 110,712 l;.221,479 936,523 284,956 729,514 563,258 166,316 

* Adjusted for degree days. 

Source: Eradley J. Murphy. "Task IV - Identification and 
Evaluation of Alternative Energy Conservation Actions 
and Strategies." Janesville, Wisconsin, December 1930. 

w 
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New York, NY 

The City of New York has produced a background report 

which examines the city energy profile as a basis for 

potential energy management directions. This is the first 

of three phases in the City's energy planning and management 

project. Phase II will select one economic sector and 

identify energy efficiency measures and alterna"tive source 

possibilities that wi 11 reduce energy consumption and the 

associated costs. Phase III will develop an implementation 

plan to achieve the savings identified during Phase II in 

the most cost-effective way possible. The City then plans 

to replicate the procedure in other sectors (New York, 

1981). 

Through study of their energy consumption patterns, New 

York found that $6.2 billion (or about 70%) of their energy 

expenditures, left the city in 1981. This figure is 

expected to grow due to New York's high dependence on oil as 

a basic fuel - 71% as compared to the national average of 

44% (New York, 1981). 

Efficiency measures identified in Phase 1 would cost an 

estimated $3-$4 billion. Such an investment could reduce 

the City energy bill by $1.7 billion annually (see Table 4). 

Of this, $1.0 billion (or about 60%) would be retained 

within the local economy, which in turn would generate $2.5 
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billion in local sales. Data on energy savings potential is 

based on other published sources and studies. According to 

the study, the methodologies used will be available later in 

a separate technical appendix. 

Carbondale, IL 

In response to rising energy prices and the detrimental 

effect which they have on the local economy, Carbondale has 

initiated a Municipal Solar Utility (MSU) program referred 

to as the "The Other Utility". The model program, al though 

developed for Carbondale, is intended to be easily 

transferred to any city. It is based on the idea that as 

energy prices rise faster than wages, a larger chunk will be 

taken out of household income. This in turn will mean less 

money to be recycled through the local economy, and more 

money being lost to the local economy to pay for energy 

imports. Retaining this money through conservation efforts, 

would create a stimulus to the local economy, producing jobs 

and increasing retail sales. Figure 6 compares a "Business 

as· Usual" scenario where existing trends continue, to an 

"Alternative" scenario where conservation measures are 

implemented. This example provides an elementary approach 

to economic evaluation of the proposed measures. No 

explanation is given to determine how the multipliers and 

jobs were derived. 
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TAEE 4 

Energy Cost 3avings Potential 

Res. Comm. Public Trans. Indust. TOTAL 
Oil 

fuel oil 235.4 72 .1 22. 2 329.7 
gasoline 10.7 511. 7 522.4 
diesel 0.4 6.1 6.5 
gasohol . 1 . l 

. 0 IL SUBTOTAL 235.4 12. 1 33.3 517. 9 asa.i 
Natural gas 82.3 19.l 11.9 113. 3 
Electricity 264.5 177.9 67.2 41. 5 551.l 
Steam 12.8 23.5 10. 6 46.9 
Coal 2.6 2.6 
Industrial Fuels -- .!.!.Ll 111.6 

TOTAL 595.0 292.6 125.6 559.4 111.6 1684.2 
(1. savings) (22'%.) (27'%.) (28'%.) (24'%.) (10'%.) (22'%.) 

Source: New.York City Office of Energy Conservation. 
"Energy Consuoption in lJew York City: Phase I -
Patterns and Opportunities." April 1931. 
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lfolltler of ponon-yun af hbor nQioired to Instill 
the tonunltlon se,u,res. 145 perJon-yurs lnshl· 
lit ion Pploy,..nt pir dolhrs ln•uted). 

11 ... tl!r of pt,.1nut jobs cn1tl!d t,y ut1lnlng the 
U..,d $l,llS,liOO "!thin th.I coo-,.1ty (1Eli jot,s .t 
$20,000 ptr :,11r • Sl,lJ5,60~). 

Mlllunt of IIOIIIJ uved ptr ~•r (in 1111lnfl1ted dolhn 
or ener91 prtcu) In the llnido!nthl Sector of thoil 
~lty 401 enn-.:, co,,serv1tton tar5et. Tot1l 
1nnud sn•n~ "'ill bl uo1ller lnlthlly 1nd ,.111 er'"" 
npldly n conserv1t\<111 h i"'l'ltllltnted ind tnt conier• 
withe 401 figwre 1, , .. rp.nud. 

,1,no..,t of new 1C011D111lc uthity per yur in Ci~nndale 
dw to ret1lnlng H,315,600 la eper~y u,in~~ {with 
unlnfl1hd dolltrs 1nd I 4.0 -llip\ier effe<t). 
l'klney 1ued by Inergy co,uen1ti011 tecon,es n .... di•• 
cretion1ry 111,.-. Th1t """eJ h spent in u,e locol 
•conOlly nther than uporced for ener~1 pty,.,,nn. 
llheoi I buy i h,lrr.ut, b1rler b"ys ftwJd, the 9ro,~r 
buys I MW nfrlgerltor, th• 1pplh~ce dulu Duys 
t na"' suit, t~ c\otlllng store Nn1~er bu1s dlnn<>r 
Ind I movie ,nd u.e 111mey 90.,1 n,und in I eircle 
•lthl~ the car,11untt1, Th! loul ee<:1"""'Y n :;tren~th• 
•~ed, u • ruult, 

Source Shawnee Solar Project. Municipal Solar Utility: 
A Model for Carbondale, Illinois. Chicago: 
Institute of Natural Resources, 1931. 

}'igure 6: Eusiness as Usual vs. Alternative Energy Scenarios 

w 
U1 
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Eugene, OR 

Eugene enacted the strictest retrofit ordinance in the 

country to be met by all existing residential buildings by 

January 1985. The ordinance, however, allows for review by 

the City Council one year prior to implementation. 

Implementation may then be deferred until 1990 due to 

increased conservation action by the Bonneville Power 

Authority (BPA) and projections by BPA that electric 

deficits will not likely occur until 1990 rather than the 

earlier predicted date of 1985 (Randolph, 1982). 

Eugene developed cost 

weatherization measures to 

retrofit ordinance. Since 

and savings data on 

be implemented through 

the first phase of 

the 

their 

their 

implementation process involves education programs, the data 

is expected to serve as an economic incentive for residents 

to voluntarily implement the suggested measures. Table 5 

indicates those measures to be implemented under the 

ordinance and their respective costs and savings over a 20 

year life of the measure. The data given is based on Eugene 

Water and Electric Board (EWEB) estimates of contractor cost 

for installion of the measures and potential energy savings 

of each measure. No methodology is given detailing the 

analysis done to determine the data. 
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':'ABLE 5 

Costs and Savings of Energy Efficiency :1easu.::-es 

Assumptions: 

1,100 ft2 "typical" pre-197t si.n6le far:!l,J' dwelli::5 

already has 3-3/J." rock wool insula::ian (:l.-11) 

no floor insula ~ior .. , 'water jacket insulation, caulking, or 
weatherstripping 

Contractor 
Cost 

A.Jmual 
Energy 3avings 
( thousands of 

BTU-' s) 

I. COSTS AND ACCffi-1:ULA'I'ED SAVIUGS 

1. Attic Insulation 
from R-11 ~o R~30 265,00 

2, Floor Insulation to 
R-19 + Vapor Farrier 660,00 

3. Water Jacket 
(R-11 Insulation) 30,00 

4. Chaulking and -
Weatherstripping 200.00 

$1,155.00 

3, 193 

13,053 

2,213 

5.315 

24,239 

Annual Cost Savings 
(1930 dolla=s) 

natural 
electricity gas oil 

t105.00 t130,00 ~210,00 
(7,000 kwh) (300 therms) (230 gal, 

II. TAX CREDITS 

Federal Tax Credit 
State Tax Credit 

S173,00 

S125,00 
s293,oo 

( S125 limit) 

III, !IE? COST (S1,155-~293) ~357,00 

rr. COMPOS I TE PAY::'ACK TIMES 

Electricity with 7% annual r,~:te increase: 
~a tural gas with 15!'> an:1ual rate increase: 
Oil with 20% annual rate increase: 

6-1/2 years 
J. years 
3-1 / J years 

Source: Greg Page, "Summary of Staff 3riefing Paper -
Weatherization of Existing Residences.'' 3ugene, 
Oregon, May 1, 1930. 
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Santa Clara Co., CA 

Santa Clara County has passed a set of four energy 

ordinances requiring solar access and solar domestic hot 

water (DHW) systems in new development and certain 

conservation measures and solar DHW systems on existing 

residences at the time of resale (Randolph, 1982). 

The County used a Solar Finance life cycle cost 

computer program (SOLFIN) developed at the California Energy 

Commission to compare costs of solar and conventional DHW 

systems. This was done for new single family, retrofit 

single family, and new multifamily applications using both 

average and marginal fuel prices. In addition, pool heating 

cost comparisons were made. Basic assumptions shown in 

Table 6 were varied to determine the degree to which the 

variations might alter the results. The solar option was 

found to be the most cost effective in all instances on the 

basis of life cycle costs with the largest savings occurring 

when solar was compared to electric hot water heating 

(Doctor, 1979) (see Figure 7). No analysis was done to 

evaluate the effect of these programs on the local economy. 

San Diego, CA 

San Diego County began comprehensive energy planning 

primarily as an alternative to the proposed Sundesert 

nuclear powerplant to be located in their area. Their 
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TA313 6 

Basic Assur.iptions 

F,el Price Escalatlan Rate 

Natural Gas 

Electricity 

f,,.rgy Use without Solar 

Natural Gas (thenns/yur) 

Eleetr1dty (kwh/year) 

Froction of Fuel Displaced 
by Solar 

Mafntenance cost and Fre-quency 

Solar Equfi,nent Installed Oat 

Conventional S~tem Installed 
Cost 

Loan Terms 

D:lwnpayment 

Interest Rate 

t.o,n Period (years) 

Inflation Rate 

Discount Rate 

New Single 
Family 

287 

3976 

0.7 

1.s::;, 3 yrs. 

$2100 

$ 310 

10% 

11.8% 

30 

ai 

12%, 

Existing 
Single Fa"1ily 

11% 

317 

4392 

0.7 

1.51, l yrs, 

$2500 

$ 310 

1 il'1 

11.s: 

30 

8% 

12i 

New 
i'lult1-Fami1y 

(per unit) 

245 

3394 

0.7 

1.5:. 3 yrs. 

S 750 

$ 225 

201: 

12:: 

25 

s: 

12: 

11: 

918 

O.S2 

1.s:, 2 yrs. 

Sll•O 

$1300 

·1 a~ 
12.5% 

10 

8% 

12: 

• See Ass1J111ptions (Table 1-A) in the average price sections for greater detail. 

• Includes• pool cover which is used 50% of tne time and Is replaced every 2 years. 
Soh.r Collector area • so-.; of pool area. 

Source: Ronald D. Doctor, Office 
For Santa Clara County." 

of. "Solar Energy Econor.iics -
Santa Clara, July 2, 1979. 
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comprehensive effort led them to adopt the first solar 

energy mandate in the U.S. They first adopted an ordinance 

in December, 1978 mandating the use of solar domestic hot 

water (DHW) in new housing. Later in August, 1979 a solar 

access ordinance was adopted to ensure protection of the new 

solar systems from shading. Before the ordinance was 

adopted, a Solar Ordinance Feasibility Analysis (SOFA) was 

performed by the county energy office to examine the cost 

effectiveness of the proposed solar systems. Table 7 

compares the cost of a natural gas system to a solar system. 

Table 8 compares electric systems with solar. The SOFA 

analysis concluded (Pulliman & Hedgecock, 1980, p.62): 

• solar DHW would be cost effective over a 20 year 
operating life using 1978 dollar and utility rates. 
The comparison was more favorable with electric DHW 
systems than with gas; 

• the added cost of a solar DHW system to a new home 
would be about $1750 while it would displace 1.8 
million therms of natural gas and 5. 4 million kwh of 
electricity each year beginning 1980; 

• the 55% total state and federal tax credit on the 
system would reduce overall system cost and provide a 
positive cash flow the first year; and, 

• 400 jobs would be created within the county, between 
1979 and 1995. This breaks out to 2039 labor years in 
solar manufacturing/installing fields and 4996 labor 
years in indirectly related sevices. 
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While no analysis was provided to show how these numbers 

were derived, it was said to be contained in a separate 

report. 

The ordinances were written in compliance to SOFA 

recommendations. The recommendations provided guidelines 

for ordinance development and information necessary for 

adoption of the ordinances by illustrating the cost 

effectiveness of the ordinances (Pulliman & Hedgecock, 

1980). 

City of Boulder 

Perhaps, the most successful member of the CCEMP group 

has been Boulder. The City Council has enacted a range of 

programs which involve: education, regulations, incentives, 

and energy production (Randolph, 1982). A local energy 

audit indicated that the residential sector of Boulder 

consumed an unusually high proportion of total energy use in 

Boulder-

heating. 

35%· o, of that, 85% was for hot water and space 

Boulder has subsequently placed greatest emphasis 

on residential energy programs. 

Some study has been done by the City to determine the 

cost-effectiveness of retrofit measures. It was concluded 

that a $3000 investment could reduce household gas 

consumption by about 75% with a 5 year payback period. A 

$1000 investment could reduce household gas consumption by 



Source: 

Source: 
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TABLE 7 

Natural Gas vs. Solar 

cos::r ~~~'.!!!! 

latural :;..- S1•t111 

Initial Syue11 Co,t (wLth loan) 
Enel'gy Cos ts 

t Cos tll ,...., 
Sol.u Sy11t ... 

Sy1te11 Co11t (with lou) 
l!ac!ic•11p Sy1 tea Cost 
~1ntenanc, Co1t!II 
In11u.r1.11ce Coa t11 
Property '!'u: 

Coat11 
Interaction 

~ug,!1 ~rrati.111 Costa 
IHLdual 'i'al1ae 

• 

3~1JC!'~~! !!P? 
,X~@: ~"fl"l'.!-.: !"a'Jt.,... ?A.,...,.-I...,. 

I 206 
2'393 

...1ll 
S2775 

I 206 
2'9J 

...1ll 
,SZ175 

11513 11211 
(l.11.cluded •it.b. 

46J '74 
0 0 

1'7 •241 
196 ~96 

91 79 
957 957 
966 770 --2 __ o 

'""' ,., Si:506 ,., 
btio ot the ~tal ot the cori .. W!!.Uon.al 

to the ~t&l diacounted coau or 1101-r technology. 

E.R. Pulliam and R.S. He:l.gecock. "Local Leadership 
For Solar Energy, " Solar raw Reporter, v. 2 n. l, 
May/June 1980. 

TZIBLE 8 

Electric vs. Solar 

lbct:ric 

Wtial Syst1111 Cut (with loa.:1} 
Coa t11 

,...., 
Sol.u- .. 

S,-.tu Cost (with loan) 
Back•up Cost 
"-int1naiu:e Costa 
IMIU'IIII.CII Costa 

Tu: Costa 
Costs 

tu; !nteract1on 
lnugy a. Operatlna; Co11t11 
Tu cndita 
h111411&1 falu• 

total 
• Cost btlo 

I 195 
5,1s 

__!il 

$5756 

1151' 
(1.ricluded ... 

0 m 
"' ,. 

1957 ... ---2 
1]293 

, .. 

I 1'!15 
5":J, 

....lil 
S,756 

s1211 
wttll s71tem} 

'7• 
0 

-241 
·1~7 

79 
1857 

. 770 
-2 
12697 ,. , 

• btto or the total disco1U1ted coats or tile eonYel'IUon.al 
s,-tn to ti!.• total d1acou.o.te4 costs or tbs •oW teciuiology. 

E.E. Pulliam and R.A. He:l.gecock. "Local Ieader,,hip 
For Solar Energy," 
May/June 1980. 

Solar I.aw Reporter, v.2 n.l, 
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50% with a payback period of 3 years (Boulder, 1980). The 

Boulder plan did not include the analytical basis for this 

data. As part of Boulder's continuing energy planning, 

feasibility studies have been conducted on four potential 

energy production projects. One option, a 3 mega-watt hydro 

project was found to b~ feasible and further action is being 

taken to implement the project (Randolph, 1982). 

Portland, OR 

The Portland Energy Conservation Project, directed by 

the City of Portland, began in July 1975. Sponsored by the 

U.S. Department of Housing and Urban Development, the 

project's purpose was to (Portland, 1979): 

• collect data on Portland energy use, 

• develop programs for saving energy in Portland, and 

• develop conservation planning methods that could be 
used by other cities. 

The project represents one of the "first large-scale, 

systematic efforts to address the full range of community 

energy choices and has served as a point of departure for 

many other similar efforts elsewhere" (Meshenberg; 1982 

p. 40). 

Basic cost and savings data was provided for 

conservation programs proposed by the project. Economic 

impacts were also considered in evaluating the various 
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choices. Figure 8 represents the amount of job losses 

attributable to increasing energy prices through 1995, and 

the potential effects that a 34% energy conservation savings 

would have on local jobs. Much of the preliminary study for 

these estimates was done by the Bonneville Power 

Administration ( BPA). 

study include: 

Assumptions stated by the Portland 

• the average household spends 9% of after-tax income for 
energy; 

• a doubling in energy prices would reduce the after-tax 
income by an additional 7% (households would reduce 
energy consumption by 10%); 

• at least half of all Portland jobs are dependent on 
consumer expenditures (others are related to government 
and institutional spending); a 7% reduction in consumer 
expenditures could produce 3 1/2% unemployment; and, 

• most of the increased dollars spent for energy would be 
funneled out of Oregon; the unemployment could, 
therefore, be long term unless the increased energy 
revenues are recycled in the local economy. 

Springfield, IL 

The Illinois Institute of Natural Resources used the 

City of Springfield as the focus of a hypothetical 

residential energy conservation program. The loan program 

funded by a municipal bond would provide 10" of ceiling 

insulation ( R-30) in 17,000 dwelling uni ts in Springfield. 

The program analysis contained in the Institute' s report 

resulted in the following effects. 

(Illinois INR, 1981, Executive Summary): 

The program would 
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IMPACT OF ENERGY PRICE RISES ON JOBS IN 1995 

With No 
Conser.iation 

Local jobs lost due to reduced consumer 
expenditures when energy costs double 
in "real" dollars. 

Local jobs created due to expenditures 
on conservation measures to produce 
34% savings.1 (28 billion Btu's of 
electricity and 82 billion Btu's of gas 
end petroleum saved.) 

Local jobs created by the construction 
of thermal power plants to produce 
electrical energy ·equivalent to that 
saved by 34% conservation2 (28 billion 
Btu's) 

Local jobs created by the import of 
natural gas and petroleum suoolies 
equivalent to that saved by 34% con-
servation (82 billion Btu's) 

Total Job Losses 

23_.522 jobs lost 

1, 167 jobs created 

Insignificant 

22,355 jobs lost 

With 34% Savings 
from Conservation 

5,550 jobs Ion 

3,274 jobs created 

2,276 jobs lost 

1 Based on ratio between cost of conser-1ation in the residential and commercial sectors and the jobs created 
by that expenditure. See Bonneville Power Administration Electric Energy Conservation Study, Skidmore, 
Owings & Merrill, July 1976, page 306. The total cost of installing conservation measures in the residential 
and commercial sectors in the Portland SMSA would be $570 million by 1995. This expenditure would pro-
duce 1,940 jobs per year or one job per 23.6 billion BN's saved. Jobs created due to conser¥ation in the com• 
bine-d industrial, commercial, and residential sectors were estimated by applying the one job per 23.6 billion 
Stu's saved to the combined Bt!J savings in all threa sectors. Cost estimates for conservation measures in the 
industrial sector were not available. 

2 Sued on estimate of jobs created by building thermal power plants, in Bonneville Power Administration Elec-
tric Energy Conser¥ation Study, page 306. 

Source: 

Figure 8: 

Portland, City of. Energy Conservation Choices 
for the City of Portland - Volume 3: Summary of 
ConserYation Choices. Washington D.C.: U.S. 
Government Printing Office, September 1979. 

Impacts of Energy Price Rises on Jobs in 1995 
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• save up to 30% of the energy required to space heat 
homes involved in the program, 

• save the equivalent of 100,000 barrels of oil per year, 
or enough energy to space heat almost 8000 well-
insulated Springfield homes, 

• over the 25 year life of the bonds 
residents more than $200 million 
costs (1981 dollars), 

, 
in 

save Springfield 
avoided energy 

• repay the initial conservation investment in less than • 4 years, 

• provide Springfield residents with an additional $3. 0 
million per year (1981 dollars), after repaying their 
initial conservation investment, to spend on additional 
goods and services, and 

• enable participating Springfield 
loans directly out of the 
attributable to the conservation 

residents to repay the 
energy cost savings 
measure. 

Energv Savings. According to work done by University of 

Illinois: Small Homes Council - Building Research Council 

and by Energy Extension Service of INR, installing 10 inches 

of insulation in an average 600 square foot uninsulated 

attic would yield energy savings of 33. 6 million BTU per 

year -- roughly 30 percent of the energy used to space heat 

such a home (Illinois INR, 1981). 

Dollar Savings. The cumulative energy savings between 1981 

and 2005 was determined to be worth more than $200 million 

(constant 1981 dollars). This dollar savings was based on 

the price projections derived by Dr. Al Casella in a report 

entitled: Springfield Energy Project: Preliminary Energy 

Audit of the City of Soringfield. According to Casella' s 
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projections, the prices of residential fuels would increase 

at the following rates for the period 1980-2000 ( Illinois 

INR, 1981, p.45). 

Natural Gas 
Propane 
Electricity 

10% p.a. from $3.15/10(6) BTU in 1980 
7% p.a. from $11.29/10(6) BTU in 1980 
6% p.a. from $10.23/10(6) BTU in 1980 

Dollar Costs. Savings must be compared with program costs 

to establish the program's feasibility. It was estimated 

that it would cost approximately $550, including labor, to 

insulate a single 600 sq ft attic with 10 inches of 

fiberglass insulation, assuming that there is access to the 

attic (Illinois, 1981). This $550 cost per unit multiplied 

by the 17,500 dwellings equals a total cost of $9.6 million, 

excluding administration costs. 

Economic Benefits. At current energy prices the annual 

energy dollar savings were estimated to be roughly $2 .15 

million per year. Taking into consideration the projected 

energy price increases, the payback period would be about 

3.9 years (Illinois INR, 1981). After repayment of the 

loan and considering energy price increases, energy savings 

were predicted to be worth about $3.1 million per year. The 

program would lead to an increase in the disposable income 

of the local residents equivalent to the cost of energy 

saved and an additional economic benefit resulting from the 

$5.3 million spent on labor to install the insulation. This 
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translates into 200 person years of employment or an average 

of 40 jobs over a five year period. Finally, the remaining 

$4.3 million which would be spent for materials is another 

local expenditure made to local merchants for supplies 

(Illinois INR, 1981). 

The above study provides a good explanation of program 

costs and savings. However, little explanation is given for 

the economic benefits which are suggested in the repor-::. 

Assumptions are made with no reference to their origin. 

2.4 GROUP 3 - ANALYSIS OF EFFECTS ON THE LOCAL ECONOMY -- - ---
This final group of case studies goes beyond program 

costs and savings to evaluate effects of community energy 

plans and programs on the local economy. These communities 

provide the methodologies used to determine broader economic 

effects. Each considers different economic effects and 

provides various means for deriving the effects. 

Bridgeport, CT 

The Greater Bridgeport Regional Planning Agency (GBRPA) 

performed a Systemic Options Assessment as a means of 

evaluating energy strategies outlined in their CCEMP Plan. 

Using a procedure prescribed by Argonne National Laboratory 

(ANL), this assessment identifies and evaluates several 

impacts associated with the energy strategies of the GBRPA. 
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For the purposes of this study, only the economic impacts 

will be discussed here. 

Economic impacts were divided into three categories for 

this assessment: energy dollars saved, implementation 

costs, and employment and income impacts. A summary of the 

results is shown in Table 9 Al though the results are 

noteworthy, it is the methodology used to obtain the 

results, which is of prime interest here. The following 

explains how these results were achieved. 

Energy Dollars Saved. The energy strategies would include 

conservation of energy and use of renewable sources, 

resulting in a future decrease in the amount of fuel 

consumed. Dollar savings were derived by multiplying the 

estimated reduction in fuel by its unit cost. The expected 

reduction in energy consumption for the program 

implementation period of five years was divided by five (20 

years for solar-related measures) to derive annual savings 

estimates. Annual savings were then multiplied by fuel 

price estimates ( shown in Table 10), which are based on 

several different sources. 

Implementation Costs. Total implementation costs were taken 

from the Regional Strategies Report. These costs were 

assumed valid and adjusted for inflation in the following 

manner (GBRPA, 1982, p.36): 

• Assume annual inflation rate of 8% 
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TABLE 9 

of Economic :mpacts 

First Year Economic Imoacts 
Benefit/Cost Employment Disposable Multiplier 

Strate[l Ratio Direct Labor Indirect Labor Income Effect 

a•eri~geport land- 0.35 1 7 $ 102,720 $ 451,970 
fill gas recovery 

.•smmells Pond 0.18 7 1 tnl,720 451.970 hydroelectric 
generation 

•Boston Ave. In, 0.89 74 22 1.232,640 5,423,620 
dustrial Park 
cogeneration 

•passive solar• 1.73 1 3 51,360 225,980 
•5o1ar hot water• o. 84 3 2 64,200 282,480 
•Photovoltaics• 3.82 2 13 192,600 847,440 
•industrial solar NA NA NA NA NA 
process heat• 

0 Residential 
-no cost NA NA NA NA NA 
-low/mod.cost 1.22 14 16 385,200 1,694,880 
-high cost 0.21 256 105 4,635,240 20,395,060 

0 Transportat1on 
-fleet efficiency 0.88 2~ 46 873,120 3,841,730 
-VMI' reduction 0.07 31 31 796,080 3,502,750 

0 Industrial 
- small firms 0.28 23 10 423,720 1,864,370 
-large firms 0.03 61 25 1,104,240 4,858,660 
-Comprehensive 691. 70 1 108 1,399,560 6,158,060 

Business Energy 
Service 

•commercial 
-private sector 0.23 31 12 552,120 2,429,330 
•municipal sector 0.08 29 12 526,440 2,316,340 

Total 0.51 556 413 $12,441,960 $54,744,640 -

*Tobe phased in over a 20•yea! period. 

Source: Greater Bridgeport Regional Planning Agency. 
"Systemic Options Assessment." June 1932. 
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TAELE 10 

Resource Energy Fuel Prices 

Electrical Home 
Utility Heating Oil Natural Gas Gasoline 

$/Brl $/Gal S/'MCF S/Gal 

1980 $30.00* $1.036* $3.07* $1.330* 
1981 34.00* 1.243* 3.73* 1.350* 

1982 30.00* 1.229* 4.59** 1.360* 

1983 3Q.QQU 1.229 .. s.ssu 1.360** 

1984 32.70 .. l.340** 6.38 .. 1.458 .. 

1985 35.97 .. 1.474**. 7.34** 1.575 .. 

• Based on available data sources: 
o Electrical Utility: 

o Home Heating Oil: 

o Natural Gas: 

o Gasoline: 

United Illuminating Company Report to the 
Siting Council, March 1982 and testimony 
for coal conversion proposal. 

State of Connecticut 
Office of Policy and Management, Energy Division 
12 Heating Oil Mointoring Report, Nov. 1980 -
Jw,e 1982. 

Southern Connecticut Gas Company 
Connecticut Energy Corporation 
1981 Annual Report 

Greater Bridgeport Regional Planning Agency 
Regional Energy Strategies Report 
Comprehensive Comm1.D1ity Energy Management 
Program, Volume III, January 31 1 1981. 

** Projected fuel prices based on best estimates of price increases: 

o Electrical Utility: 

o Home Heating Oil: 

o Natural Gas: 

o Gasoline: 

United Illuminating Company Testimony for 
coal conversion proposal 
Residual oil prices are expected to increase: 
1983 • 0\; 1984 9\; 1985 • 10\ 

Assumed same annual price increase as for 
residual oil 

Enerizy User News, Vol. 17, No. 21 
EUN's energy users price increase survey: 
1982 • 23\; 1983 • 21\; 1984 • 15\; 1985 • 15\ 

Assumed an inflation rate of 8\ 

Source: Greater Bridgeport Regional Planning Agency. 
"Systemic Options Assessment.'' June 1932. 
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• First year costs= total costs/ 5 

• Second year through fifth year= first year cost x 1.08 

• Total costs = first year costs + second year costs + 
.... + fifth year costs 

Emoloyment and Income Impacts. The GBRPA energy strategies 

include three types of measures. First - low, medium, and 

high cost conservation measures in the residential, 

transportation, industrial, and commercial sectors. Second, 

an integrated community energy system consisting of the 

development of alternative energy sources. Finally, 

renewable energy options which are all solar related. For 

each measure, the direct labor impact, indirect labor 

impact, and induced impact on disposable income, was derived 

from the total investment in the measures. What seems to be 

an overstated multiplier of 4.4 was then applied to 

disposable income. The following assumptions and 

methodology are based on information provided in other 

sources and were used by GRBPA to derive the impacts 

summarized in Table 9 (GBRPA, 1982, pp.36-37). 

Assumptions: 

• Total on-site labor is estimated at 18. 7 labor years 
per million dollars of investment 

• Induced labor for the 
material is estimated at 
dollars of investment 

manufacture and purchase of 
10.6 labor years per million 

• 41% of investment is for salary and wages 
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• 59% of investment is for material and products 

• 40 hours per week, 52 weeks per year 

• $8.23 per hour average wage rate 

• 25% tax bracket 

• Income Multiplier equals 4.4 

Methodology: 

• Direct labor = total investment X .41 X 18.7 I 
1,000,000 

• Indirect labor = total investment X .59 X 10.6 I 
1,000,000 

• Indirect labor= shift from energy consumption x 20 -
1,000,000 (shift in energy dollars) 

• Average annual income= 40 hr x 52 wk x 8.23 

• Disposable income= Average annual income x (1-.25) 

• Income multiplier= 1 / (1-MPC) 

• MPC = total personal consumption 
income 

Sources: 

total personal 

Regional Energy Strategies Report, Greater 
Bridgeport Regional Planning Agency, January 1982. 

Survey of Current Business, U.S. Department of 
Commerce, January 1982. 

Macroeconomics John Lindauer, 1971. 

Bridgeport 
Department 
1982. 

Labor Market Review, Connecticut Labor 
Employment Securities Division, May 

Bridgeport offers no explanation of how they arrived at 

their assumptions other than referring to sources which are 
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not properly footnoted. Data such as the multiplier and 

labor per million dollars of investment are key variables 

which seem to have been pulled from one of the four listed 

sources. Such a lack of explanation and documentation 

greatly reduces the validity of the analysis. 

Boulder_County, CO 

Boulder County is concerned with the growing number of 

dollars which leave its local economy to pay for energy 

imports. Stemming from this concern, an Energy Assessment 

was prepared by the County Department of Community Action 

Programs to determine the economic impacts of local energy 

consumption. By examining energy consumption patterns, the 

Department discovered that $217 million were spent in 1981 

for energy imports. Of that, $195 million left the local 

economy. This economic drain was translated into 6,400 

potential jobs being lost to the local economy. 

To determine the economic impacts involved, the 

Assessment first examined past energy consumption. The 

total bill for the County was then computed by simply 

multiplying energy consumption by the unit cost of energy. 

Next, the Assessment determined the fate of the 

County's energy expenditures. Most of the local energy 

dollars left the economy to pay distributors of fuel. To 

determine what this economic drain was, the study first 
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calculated energy dollars retained. To do this, the 

following procedure was used (Boulder County DCAP, 1981, 

p. 30): 

• Number of employees working for power suppliers was 
multiplied by an average personal income, yielding 
$10,190,000 of wages earned by utility employees 
(assume wages are spent locally). 

• It was assumed that all of, the property taxes paid by 
utli ties stayed in the local economy ($2,001,253 was 
the amount on record at the County Treasurer's Office). 

• For gasoline expenditures, the wholesale portion of the 
retail price is exported and markup over the wholesale 
price remains to pay wages, insurance, mortgage, etc. 
Using this assumption, it was calculated that 
$5,845,000 or 10% of the total gasoline purchases 
remained in the County. 

The Assessment went on to determine what this dollar 

loss meant in terms of jobs. To do this, assumptions were 

based on a study done for the Council on Economic 

Priori ties, which indicated average household expenditures 

for various goods and services support 50 jobs for each $1 

million spent. Next it was assumed that a mix of 

electricity, oil, and natural gas supports 18 jobs for every 

$1 million spent (Buchsbaum and Benson, 1979). Based on 

these assumptions, it was estimated that the retention of 

each $1 million energy dollars through reductions in 

consumption would result in a net gain of 32 jobs. The $200 

million drain from the economy due to energy costs thus 

represents a loss of an estimated 6400 jobs. 
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The calculation for dollars retained in the local 

economy seems reasonable and arrives at a rough estimate. 

However, the estimate for loss of jobs, is of questionable 

validity since it has assumptions picked from a national 

study having no particular relevance to the Boulder County 

economy. 

Philadelohia, PA 

Economics is given as the major reason for the 

development of the Philadelphia CCEMP Plan. Concerned with 

growing energy expenditures of which only "20 cents on the 

dollar remain in the economy" (Daspit, 1981, p,l), 

Philadelphia proceeded to develop their Action Plan. 

It was not possible for Philadelphia's CCEMP project 

team to quantify the economic effects of all the formulated 

program strategies. However, a study was done to quantify 

the benefits of a program to make Philadelphia's housing 

stock more energy-efficient over the next 10 years. This 

study was performed for Philadelphia by the Wharton 

Econometric Forecasting Association (WEFA). It was an 

attempt at modeling the effects of conservation policy on 

the local economy. 

behind the analysis 

Figure 9 . 

The following describes the assumptions 

which produced the results shown in 
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Personal Net Total Gross 
Employment Disposable Savings Discretion- City 
(Man-vea.rs) Income From Cons. ary Income•• Product 

1981 10 .l .4 .6 .J 
1982 349 4.5 1.3 5.e 10.8 
1983 918 ll.6 3.4 15.0 Jo.a 
1984 1,263 15.9 5.9 21.e 45.5 
1985 1,233 15.5 8.9 24.J 46.2 
1986 1,282 16.4 13.4 29.8 47.4 
1987 1,sse -20.2 22.J 42.S 56.8 
1988 l, 785 23.J 31.l 54.S 66.l 
19.89 1,865 24.5 40.l 64.6 70.l 
1222. ...il.:.Q. ..11:E. ..21.:.1 
10 yr. 12,346 159.8 175.9 335. 7 451.l 

•sums may not check because ot rounding. 
••Personal di!iposa.ble income plus net savings from conservation. 

Source: Court Daspit. "Philadelphia's Energy Future: A 
Recommended Action Plan." City of Philadelphia, 
October 1991. 

Figure 9: Economic Impacts - Policy Compared to WZFA 
Baseline, 1991-1990 
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WEFA simulated three scenarios which present a range of 

possible energy futures for Philadelphia. The first 

scenario, WEFA Baseline, assumes an amount of conservation 

expected from existing energy programs and price increases. 

The next scenario, Low Baseline, assumes a higher level of 

consumption than that of the WEFA Baseline scenario. This 

represents the perception of CCEMP staff that there was a 

decreasing degree of voluntary conservation in response to 

high energy prices occurring in the city. The final 

scenario is the Policy Scenario, which shows the level of 

energy savings achievable, assuming that target levels of 

conservation improvements of the programs recommended by the 

CCEMP report are reached. 

Economic Effects. The model used by WEFA applies three 

effects to the scenarios which are expected to occur as a 

result of the energy conservation program. first, there 

will be an increase in contract construction. The model 

measures the expected employment increase by dividing total 

wages by forecast wage rates for that particular industry. 

Next, there will be a change in discretionary income. Those 

people who invest in conservation will eventually have more 

money for non-energy expenditures. This change can be 

measured the same as a change in disposable income (personal 

income less taxes) and is expected to have the same effect 
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on the economy. Finally, the model considers those effects 

resulting from reduced revenue of local energy suppliers. 

"The variation from the baseline in retail oil sales is also 

a direct input into the model" (WEFA, 1981, p.47). 

Assumptions. The data necessary to simulate these effects 

was collected and calculated by both the CCEMP staff and 

WEFA. The following describes how the data was derived. 

The CCEMP staff was responsible for the assumptions in the 

model concerning housing stock. They estimated that 80% of 

row and semidetached housing stock of Philadelphia would be 

affected by conservation measures. The other 20% was 

excluded to allow for derelict buildings which would not be 

included, and because the benefits would mostly affect owner 

occupied units. 

CCEMP staff was also responsible for determining the 

mix of conservation measures. After considerable analysis 

in this area, the staff specified nine conservation measures 

and the penetration factor expected for each; the results 

are shown in Figure 10. 

Finally, the CCEMP staff was responsible for making 

assumptions about the financing available. CCEMP developed 

a list of funding sources, terms of the loans and amount 

available from each. To estimate the conservation 

investment, they assumed that all of the financing available 



61 

Percent 
Target No. Billion Cont=i-

Penetration of tnstal- bution to 
Measur~ Faetora lations ;~~:~b Total 

l. Clock ther.nostat .54 188,600 1037 7.0 

2. Storm ...,indows/ .45 157,100 4l00 27.5 
doors 

3. Attic/roof .45 157,100 2592 l 7.4 
insulation 

4. ~·lall ins ula. tion .17 59,400 141-1 9.5 

5. :.toveable window .285 99,500 l0l5 6.3 
insulation 

6. Solar wall .015 5,200 78 0.5 

7. Solar domestic .075 26,200 555 3.7 
hot water 

a. Vent dampers .45 157,140 1760 17.9 
(gas heat) 

9. Burner moditica- .27 93,300 933 9.6 
tion (oil heat) 

a. The total of 436,500 rOW' and semi~etached buildings in Philadel-
phia ._.as discounted by 20 percent to allow for abandonment a."ld 
for deteriorated structures which a.re unlikely to be improved. 
The penetration factors shown were applied to the resulting uni-
verse of 349,200 buildings. Penetration factors a.re the product 
of the esti.zaated proportion of structures to which the measure is 
applicable (15 to 90 percent) and its estimated consumer appeal 
(10 to 90 percent). 

b. At 66 percent seasonal efficiency. 'nle WEFA analysis actually 
assumed average efficiencies increasing over the decade from .63 
to .7 (gas) and from .53 to .65 (oil). 

Source: Court Daspit. "Philadelphia's Energy Future: A 
Recorn.-:iended Action Plan." City of Philadelphia, 
October 1981. 

Figure 10: Economic Impacts - Target Penetration levels 
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would be used under the Policy Scenario plus a fraction more 

which would be the result of price induced conservation 

financed by personal savings. The amount of resulting 

conservation levels achieved by 1990 under the Policy 

Scenario is over 97% of the target penetration. Under the 

WEFA Baseline it is 58%, and under the Low Baseline it is 

19%. 

WEFA derived the fuel price forecasts which are applied 

to the scenarios. The effect of fuel price changes on 

energy consumption levels will have a major impact on the 

analysis. The fuel price forecasts as derived by WEFA, 

required technical analysis which can not be adequately 

expanded on here. 

Philadelphia, with the aid of consultants, was able to 

produce many reports leading to their Final Action Plan. 

Much of the analysis done required the use of sophisticated 

econometric computer models which are explained in the 

reports, but require knowledge in this area to understand 

and interpret. Such indepth analysis may produce more 

accurate data, but is very expensive and may not always be 

necessary for program implementation. 

Los Angeles, CA 

The CCEMP Energy/LA Action Plan is the result of 

several extensive studies carried out by Energy/LA Project 
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Staff and outside consultants. The Plan stemmed from the 

City of Los Angeles desire for better energy management 

after having faced energy shortages in the 1970's. The Plan 

goal is for an additional 21% reduction in energy use 

through: 1) more efficient use of existing, conventional 

energy supplies, and 2) development of local energy sources. 

Several energy efficiency measures are proposed and 

evaluated in the Plan. One half of the energy reduction 

goal is expected to be achieved by making existing homes and 

workplaces more efficient. Another quarter of the goal is 

attributed to the use of alternative energy sources. The 

final quarter of the goal is expected from the combined 

effect of transportation measures, and increased efficiency 

in new construction. 

The Plan projects that the implementation of energy 

efficiency measures will result in a reduction in LA energy 

bills by $790 million in the year 1990 alone, at an annual 

cost of $301 million, creating a net savings of $489 million 

(Los Angeles, 1981, p. 35). Such an energy and subsequent 

dollar savings is projected to create 9,500 jobs during the 

1982-90 implementation stages, and 14,031 jobs afterwards. 

This Plan is expected to allow Los Angeles to meet 1990 

energy needs more cheaply and provide significant job and 

air quality benefits. The following is an examination of 
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how the Energy/LA Project Staff calculated potential jobs, 

and energy and dollar savings resulting from the energy 

efficient measures described in the Plan. 

Energy Savings. Estimates of net 1990 energy savings are 

shown in Figure 11 by fuel type and the sectors in which 

proposed energy efficient 

Within the residential 

measures 

sector, 

are to be implemented. 

for 

efficiency measures are directed toward 

example, energy 

l) new dwellings, 

2) retrofit of existing dwelling, and 3) the use of solar in 

heating swimming pools, conversion of electric hot water 

heaters to solar, and a city ordinance mandating solar water 

heaters in all new homes (when feasible) built after 1982. 

There are also energy savings resulting from alternative 

sources of energy ( see Figure 12) . The energy savings 

resulting from the specific elements of the plan were 

derived through a number of staff and consultant technical 

studies. 

Unit Cost of Energy Efficiencv Measures. A cost comparison 

between the expected 1990 energy efficiency measures and 

electricity generation and natural gas prices is shown in 

Figure 13 . A comparison such as this provides a measure of 

cost effectiveness which can be very useful in deciding 

which route to take. The methodology used to derive the 

unit cost is provided in the following formulas (Los 

Angeles, 1981, p.101): 



£L£CTRICtrr NATURAl. GAS 
fU[L OIL, r.ASOLIN£ 
011. DIESEL 

Action Action Tot1l 
Plan DWP Plan Action Action Action Action Action 

Gross Projected "'t Plan SoC1l Gas Plan Plan Other Plan Phn 
Savings Sayings Savings Gross Projected Net Gross Proqra111 N,t Net 
{Primary (Primary (Primary Savings Savings Savings Savings Savings Savings Savings 

SECTOR TBTU) TBTU) TBTU) (TBTU) (TBTU) (TBTU) (TBTU) (TBTU) (THTU) (TOTU) 

Residential* 
New 1.104 .062t 1,042 1,40 ,066 1.401 .,, N/A .,, 2,443 

Retrofit 3.404 .021 t J.383 19,601 1.2ll 18.380 "" N/A "" Zl. 761 
Solar .407 ,059tt .348 5.928 Z.964 z. 964 ,,, .,, 

'" 3,312 

CDllllll!rchl 
New 7,R42 ottt 7.842 0 n 0 .,, N/A '" 1,842 

Retrofit** 23.597 12.016 11.581 8. IOS J,984 4,121 ,3113 0 ,393 16.095 

Industrial 
Retrofit** 6, lRl 1,508 4.675 2,462 2,056 .406 1,739 0 l. 739 6.820 

Public 
Retrofltu 2,484 1,265 1.219 1,042 ,453 ,589 ,069 0 ,069 1.871 

Trans1>ortat I ontttt N/A .,, 
'" 

,,, N/A ,,, 27,740 13,870 13.870 13.870 

--=~--. 
TOTAL 45.021 14. 931 30,090 38,605 10,744 27.861 29.941 ll.870 16,071 74,022 

-.OWP re1ident1a1 savings are 456 GWh between 1982 1nd 1990 (Inclusive) but &re the result of different progra,iis than those 
in the Action Plan. Since OWP proqra111s do not overlap those of the Action Plan, these savings cannot properly be suhtracted 
fr0111 the Action Phn gross savings. 

**Action Plan gross savlnqs for th1s sector are the Hello 8111 1985 qo1ls of 331 and 151 reductions fro11 1979 consuR1Ptlon 
for the CDlllllt'rchl (and public) ,rnd industrial sectors, respecthely. 

tElectrlclty savings due to SoCal Gas programs, 
ttEstl111.1ted snln11s fro111 the DWP solar w;iter huter prograni. 

tttSoln11s Included In coi .. ,,ercial retrofit. 
ttttSee proyra,ns listed 1n Okuaki, •1mple!lll!nt1tlon Plan for fr1nsport1tlon Energy Mana9e111ent,•fllergy/lA, November, 1980, 

Source: Los AnGeles, City of. "Energy/LA Action." July 1931 

Figure 11: Calculation of the Net 1990 Energy Savings 
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ANNUAL 
CAPACITY• tLECTRtCIT't' 

CAPACITY FACTOR PRIJOUCTION 
SOURCE (MIi) {I) (JC6 KWH) C0."'1ENTS 

Cog@nerat1on 300 set 2103,21 Natural gas 
fuel assumed 
to be uiuid ror 
heat load only. 

Wute 39 10 ?38.88 Two 19.5 MW 
un1ts 

Wfnd 10 35 30,66 

Fu~l Cells as 7.45 Natural gas 
fuel subtracted 
from Action Plan 
gas savtngs 

J!'llotO'tOltafc 10 23 20.00 01spersed arr11s 

Total 360 H/A 2400.26 N/A 

•A capacity factor reoresents the ratio of energy produced 
to tlte enerqy which would be produced if operatic~ was at 
lOO~ of rated capacity for every hour of the year. 

Los Angeles, City of. 
July 1991. 

"Energy/LA Action Plan." 

Figure 12: Capacity and Energy Production from Alternative 
Sources of Electricit:,r 
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• Annual investment = capital recovery factor X 
investment 

• Capital recovery factor = d / 1-(l+d)(n), where "d" is 
the discount rate and ''n'' is the finance period 
( assumed here to be equal to the measure's lifetime). 
A real discount rate of 5% was used. The discount rate 
of 5% is based on an interest rate of 18% and an 
expected inflation rate of 13%. 

• The cost of an energy efficiency measure, 
energy is: cost of efficiency = annual 
annual energy savings or, 

per unit of 
investment / 

• Cost of efficiency = capital 
investment/annual energy savings 

recovery factor x 

For the transportation sector, cost per gallon is 

derived by converting the projected transportation savings 

from BTU's to gallons. This figure is then divided into the 

annual program cost, yielding a cost in dollars per gallon. 

Job Creation. Energy measures can create jobs in two ways: 

first, through direct spending on energy measures, and 

second, through the increase in income which occurs when 

energy is saved. "Gross capital jobs" indicated in Figure 

14 is the employment generated by spending on a particular 

energy measure. To calculate the "gross capital jobs", the 

dollar amount to be spent on each measure is multiplied by 

an employment generation factor, or by the number of jobs 

created per million dollars of spending. The employment 

generation factor for each measure was derived from an 

input-output model performed for Los Angeles by the Regional 

Economics Group (1980). This factor indicates the number of 



C•ptUt Priu of Pti,:e 
Cost C11ptul tpp £1e< .. Cost ct of Sot.111 

Al iocat4d t0, Co$t trl<:lty , .. cost or tridtJ Measure G,u. Iii 
LHet1.rit C•plhl C<11>tUl El•ttrlcft.Y• Allotittd to S:ued tn S.4Yi!d lle•s1,1Nt In 1990 U/fhena l9~ 0/ 

~dor/ " llfito:,err ens.i tto6 '!•lngs "! s.ivtngs '!'° t,1 JHO lS/lWH 1n um,11 hi ,. The,._ in 
Mosure Me.nun F•ctur 1900 $) (10 HIOO $) (JC HIOO $) (lO kWh) tTaTIJ) 1980 1) 1960 $} ,,son 19s~ u 

Re'iidenth.l ,,. lO .06!il JJ\3.9 $23.8 $ 90.l 104 l.4o S,0149 1.ous $~422 $.6J2 
htrofit 10 ,1295 190.0•• 91.0 291.Q ,.. 19.54 ~Ol9l .ona .211 .632 

Sot•r 20 ,0801 139.l 
•t.Jt ••• ll4.l " , ... ,OiZS .ooa .41'.15 ,63% 

C!Jllllllerc:h:1 

'" lO .06Sl • "" .,. 136 • 0 .0438 ., . ,6}6 
lt:etrofU " ,1129 )51.0 16&.8 173.6 1160 4,IZ .0162 .ous .Uli .676 

lnitustdal 
lt:etrottt 10 ,U95 18.? , .. 10.• "' ·" ,0022: ,0438 ,311 ,719 0\ 

00 
i'Uhltc 

Retrofit I! .1129 1.0 •• ., m ·" .ooo• .ana ,lOS .&16 

'1l 
P1e•1ures .,. .,. no2n.1 Ul'.IO.s $102.0 301S 29.0l! $.01.17 $.0418 1.i73 $.576 
CP!llbilttd 

•Oectrlctty 'inin91 c:~uhd mi • delivered b.a:sh. 
hfhh alflOunt h lllgnl!r than the one given flt Figure 16, bee,1111sa far thlt figure •11 rttt'(lfit t1enures wen ui..-.d to be 

tilflltllttor-1r.stal\e4, rtther U••n p1rth11J owner-tnsUll•d• 
tA,mub1 ~r1tll'.lft and 11111;ll1ten,nte expense. 

Source: Loa Angeles, City of. "Energy/LA Action Plan. July 19:l 1. 

Figure 13: Unit Cost of Energy Efficiency 
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jobs created per million dollars of spending. From the 

"gross capital jobs" is subtracted the number of jobs which 

would be created if the money to be spent on the measure was 

spent on the ordinary basket of consumer goods resulting in 

the "net capital jobs 11
• The employment generation factor 

for consumer spending used here is 21.50 person years per 

million dollars spent. 

Operation and maintenance jobs are also calculated net 

of the job impact of ordinary consumer spending. Respending 

of money saved on energy expenditures does not require an 

adjustment for ordinary consumer spending. 

Finally, it was noted by Energy/LA Project Staff that 

no jobs are displaced in the utility industry as a result of 

energy efficiency measures. 

Due to efforts by the Project Staff, and outside 

consul tan ts, extensive studies have been done to determine 

the effects of energy programs. The results shown in the 

Action Plan provide significant evidence of the economic 

benefits of energy programs. The Energy/LA Action Plan was 

adopted in December 1982; it represents the most 

comprehensive approach taken by any of the CCEMP 

communities. The American Planning Association awarded the 

Energy/LA Action Plan with its Outstanding Planning Program 

Honor Award in recognition of this 11 comprehensive plan to 

guide public policy" (Planning, May 1983, p. 19). 



EMPLOY- ANNUAL 
P1[NT ANNUAL ANl'IUAL ANNUAL RESP[NOING 
GENERA- GROSS NET OPERA- OPERATION RESPEMDIMG PLUS 
TIONS CAPITAL CAPITAL TION AND ,., (NETU ANNUAL OPERATION 
FACTOR: JORS JOBS P1AINTE- P1AINTENANCE DOLLAR RESPENOING AND 

CAPITAL {PERSON- !19112-90) 11982-90) NANCE Jfl8S ENERGY JOBS MAINTENANCE 
SECTOR ANO COST• YEARS/ PERSON- PERSON- COST {PERSON- SAVINGS (PERSON- JOBS 
P1EASURE (1977 $) 106 1977$) YEARS) YEAAS) (1971$) YEARS) (106 1917S) YEARS) (PERSON-YEARS) 

RESIOENTJAL 

"" $ 89.6 52.87 4,737 2,fl03 • 0 $ 10.2 220 220 
RETROFIT 241, l 55,40 13,357 8,152 0 0 110.5 2,365 2,385 • 

SOlAR 109.6 48,84 ,., " 14.1 304 "' COHl1ERCIAL 
NEW 0 D 0 0 0 41, l ... 888 

RETROFIT 254.8 37.57 9,571 4,070 0 0 "'·' 1,845 1,1145 

JNOUSTRIAL 
RETROFIT ,., 55.50 SJ] 326 38.~ 840 840 

PUBLIC ., 37 ,57 30 13 0 0 10.0 216 '" TRANSPORTATION 11.6 48.56 '" 314 .4, 20 149,6 l,230 3,250 

TOTAL $717.1 N/A 28,792 15,676 J.O 74 $459,2 9,928 10,002 

ALTERNATIVES 
COGENERATION $143.2 55.50 7,945 4,fl54 $57,J l ,QBJ 131,B l,liOB 3,591 

WASTE 63.6 55.50 J ,5]1 2,157 • I SD 14,9 "' 312 
WIND 10.6 6l.82 676 441 ,. ' 42 42 

FUEL CELL .l 41.09 14 1 ,6tt 8 
__ , -JJ _, 

PHOTOVOLTAIC 4.0 59.58 241 154 ., 4 ,., 25 " 
TOTAL $221. 7 ,,, 12,407 7,619 $61, I 2,045 $H9.R 1,984 4,029 

GRANO TOTAL $938.8 '" 41,199 23,297 $64.l 2,119 S609.o 11,912 14,031 

• Doe$ not Include finance cost, 
u Net of operation and 111alntenance cost. 

u• Included In capital cost. 
t Labor only (estl"'ated). 

tt Includes fuel cost, 

Source: Los Angeles, City of. "Energy /I.A Action Plan. 11 July 19'31 

Job Impact of Energy/LA Action Plan on Los Angeles 
County in 1990 

Figure 14: 
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Chapter III 

DISCUSSION OF CASE STUDIES 

The Chapter II, case studies were presented to examine 

the degree of economic analysis which has been included in 

energy plan and program development. Table 11 provides 

summary information on each of the communities discussed in 

the case studies; it should be referred to throughout the 

following discussion. It indicates the type of energy 

planning effort which each community has undergone, the 

degree of economic analysis provided, 

implementation has occurred. This Chapter is a 

and what 

discussion 

of the conclusions which can be drawn from the information 

provided in the case studies. The discussion focuses on 

three questions which address the extent of economic 

analysis performed by communities; the influence of economic 

analysis on plan or program implementation; and the 

projected effects of plans and programs on the local 

economy. 

Economic analysis in energy planning, as stated in 

Chapter I, includes both program cost effectiveness and 

effects on the local economy, or economy effects. The cost 

effectiveness of an energy plan or program can be determined 

through one of the following techniques: payback, cash 

71 
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TABLE 11 

Summary Information On Case Studies 

De17ee Of T;tpe O! 
;::- ... ,,..,.~v Pl:-:innir.~ ~ffort Econ. Analysis 

Specific Co.:ip. Studies vost .:.cono!i(-' 
-p ... ,..,.-,..'!I.., 'Pl-; ~ffect. Effects 

St. Paul, MN 
Austin, TX 
Davis, CA 
Ann Arbor, MI 
Oceanside, CA 
Ashland, OR 
Palo Al to, CA 
Greenville, !IC" 
Knoxville, TN* 
Seattle, WA* 
Richmond, Ill* 
Dayton, OH* 
Janesville, WI* 
Ne~ York, NY 
Carl:ondale, IL 
Eugene, OR 
San ta Clara, CA 
San Diego, CA 
Boulder, CO* 
Portland, OR 
Springfield, IL 
Eridgeport, CT* 
:Boulder Co., co 
Philadelphia, PA• 
Los Angeles, CA* 

* CCEl-:P Co:n::iuni ty 
0 ~o Data Given 

X lll 0 
X II 0 

X 0 0 

X Ill 0 

X Ill 0 

X 0 0 

X ll !II 

X !II II 

X lll II 

X Q !II 
X Q 0 

X Q 0 

X II 0 
X Ill II 

X Q Q 

X Q 0 

X I 0 

X I 0 
X Q 0 

X Q Q 

X Q Q 

X Q Q 

X 0 Q 

X ' • . 
X I ' 

.m Data Provided, !~a Quantitative Analysis Given 
• Data Provided With Li~ited Or Questionable A.~alysis 
I Detailed Data And Analysis Provided 
1Feasibility Study Done On Production Program Only 
2conducting Further Study 

. 

• I.:i:ple:nent. 
Mopt .trog:ra.D 

!:nnlem .. 
X A 

X X 
X 

X X 
X 
X 
X 

X 
X 
X X 
X 
X 
X 

_2 
X 

X X 
X 
X 

X X 
X X : 

I 

-
x2 

-
X 
X X 
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flow, life cycle cost, or benefit/cost analysis. Economy 

effects include: direct on-site jobs, increases in local 

sales, increases in local income, and multiplier effects. 

These two components of economic analysis must be clear 

before the following discussion can be understood. 

these will be discussed further in Chapter IV. 

Each of 

DO COMMUNITY ENERGY PLANNING EFFORTS IN THE U.S. REFLECT - -- - -INDEPTH ANALYSES OF EFFECTS ON THE LOCAL ECONOMY? 

Effects on the local economy are alluded to throughout 

the case studies, yet very few communities actually provide 

any quantitative analysis to verify their statements. For 

example, of the twenty-five studied only two communities, 

Los Angeles and Philadelphia, provided detailed economic 

analysis in~luding study of both program cost effectiveness 

and economy effects. Los Angeles provided the most 

comprehensive approach to energy planning which included 

indepth economic analysis conducted on a wide range of 

programs. Employment effects were determined for Los 

Angeles by a consulting firm with the use of an input-output 

model. The analysis conducted by Philadelphia was also 

detailed, considering economy effects such as employment and 

income. Philadelphia also hired a consulting firm, which 

used an econometric model to determine economy effects. 

Philadelphia's effort appeared not to be as comprehensive 
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as Los Angeles' in that it only considered energy programs 

which affected the residential sector. 

Five other communities (Bridgeport, Boulder County, 

Springfield, Portland, and Carbondale) 

economy effects; however, their 

also 

analysis 

addressed 

lacked 

documentation and explanation, creating uncertainty of the 

results. Finally, there 

Greenville, Knoxville, 

were five communities (Palo Alto, 

Seattle, and New York) which 

addressed economy effects but provided no analysis to back 

up their data. A total of only twelve communities addressed 

economy effects; however, most did so in a superficial 

manner. 

Cost effectiveness of program proposals or options was 

addressed by twenty-two of the twenty-five communities. 

Only three communities: Ashland, Davis, and Boulder County 

did not provide any data on program cost effectiveness. Of 

the twenty-two communities, only four provided indepth 

analysis within their reports; they are: Santa Clara, San 

Diego, Philadelphia, and Los Angeles. There were nine 

others which provided analysis but it was somewhat weakened 

by the lack of documentation. Some of these communities, 

however, indicated that more indepth analysis was provided 

in separate technical reports. Finally, there were nine 

others which addressed program cost effectiveness but 
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provided no analysis within the available reports. Based on 

the available information provided by this investigation, it 

can be concluded that while most communities have addressed 

program or plan cost effectiveness to some degree, most 

energy planning efforts in the U.S. have not reflected 

indenth analvsis of the effects of energy plans and programs 

on the local economy. 

In-depth economic analysis such as that done by Los 

Angeles and Philadelphia may not always be necessary. Use 

of input-output and econometric models to analyse economy 

effects is very costly and time consuming, making it 

impractical for most smaller communities with limited 

resources. Alternatives must be made available to those 

communities who wish to examine the economy effects of their 

energy plans and programs without the expense and time which 

was allocated in the Los Angeles and Philadelphia CCEMP 

projects. The framework presented in Chapter IV might 

provide this alternative to communities. 

DOES ECONOMIC ANALYSIS FACILITATE IMPLEMENTATION OF ENERGY 
PLANS AND PROGRAMS? 

Implementation of energy programs is often dependent on 

a cost effectiveness study which demonstrates the potential 

benefits of a plan or program to the locality. While such a 

study is important, alone cannot guarantee plan or 
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program implementation. A study of twenty-two community 

energy planning experiences conducted by Randolph, supported 

a notion of Corbett and Hayden (1980), that there are three 

key roles present in nearly all communities which have had 

success with implementation, including: ''an articulate and 

committed elected official who pushed for program enactment; 
• 

a planner or planning consultant who prepared supportive 

technical information (mostly cost effectiveness 

information), and a local energy constituency which provided 

community education and vocal 

hearings" (Randolph, 1982, p. 22). 

support at the public 

Such evidence points to 

the need for the other roles suggested above to be filled if 

program implementation is to occur. 

Of the twenty-five communities studied here, twenty-two 

were successful in either plan adoption or program 

implementation or both. The other three: New York, 

Springfield, and Boulder County were only conducting studies 

and therefore were not striving for implementation at the 

time. Only those twenty-two communities which achieved 

implementation will be discussed in this section. 

There is a distinction between program implementation 

and plan adoption. Of the twenty-two communities included 

here, fifteen achieved plan or program adoption. Adoption 

of a plan or program signifies community approval of the 
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concepts created in an energy plan or program. It also 

often establishes energy planning as a community goal which 

is usually added to the local comprehensive plan along with 

objectives and plans for further action. Plan or program 

adoption is only significant to the extent that specific 

programs or measures contained in the plan or program are 

later implemented. 

which have achieved 

Only eight of the fifteen communities 

implementation. Many 

adoption 

of the 

overcome certain political 

have moved toward program 

remaining seven, must still 

and funding obstacles to 

implementation. While program implementation creates more 

significant results, adoption must still be considered an 

important achievement in the political process toward 

action. The seven other communities which experienced 

program implementation did so without formal plan or program 

adoption. 

All but two of 

some implementation, 

the twenty-two 

Ashland and 

communities achieving 

Davis, addressed cost 

effectiveness. It is possible that Ashland and Davis may 

have considered cost effectiveness but did not include it in 

the reports which were available. Further study would be 

necessary to determine this. 

communities which addressed 

Nine of the twenty remaining 

cost effectiveness did not 

include any analysis to verify the data presented. In many 
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cases the data was found to be useful in the implementation 

process, however, the technical analysis was simply not 

included in the reports which were reviewed. 

Nine of the twenty-two communities which experienced 

implementation addressed economy effects. Of these, five 

(Palo Alto, Seattle, Carbondale, Portland and Los Angeles) 

were successful in program implementation and four 

(Greenville, Knoxville, Bridgeport and Philadelphia) 

achieved only plan or program adoption. The remaining 

thirteen communities did not address economy effects, yet 

were still successful in implementation. Four of those 

communities which addressed economy effects (Palo Alto, 

Greenville, Knoxville and Seattle) did so without providing 

any analysis to verify their data. Once again the analysis 

may be provided in a separate technical report; however, 

further study would be necessary to verify this possibility. 

There is little conclusive evidence provided in the 

case studies which would support a claim that analysis of 

economy effects facilitates implementation. However, 

economic analysis as stated in the question posed in this 

section, includes both cost effectiveness and economy 

effects. It would therefore be reasonable to draw some 

conclusions about the effect of cost effectiveness analysis 

on implementation. 
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Economic analysis in the form of cost effectiveness 

studies was found to facilitate implementation in two 

previously mentioned studies (Corbett and Hayden, 1980; 

Randolph, 1982). The cases presented here serve to further 

illustrate the relationships between implementation and cost 

effectiveness studies. The information provided in this 

study can only lead to assumptions about the usefulness of 

cost effectiveness studies in program implementation. 

Cost effectiveness studies seem to occur in most cases 

where there is to be a public expenditure, so as to prove 

the program's worthiness. Such studies may therefore be 

considered a "given" as they are often required before 

public expenditures for programs can be made. Studies of 

economy effects might provide an added selling point; 

however, further study would be necessary to determine the 

real effect of information on economy effects on program 

implementation. Economic analysis in the form of economy 

effects may be most useful when a program requires a large 

initial public expenditure with longer paybacks. If 

immediate benefits to the local economy can be shown in the 

form of jobs, the program might be more easily implemented. 
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TO WHAT EXTENT DO ECONOMIC ANALYSES - --COMMUNITIES STUDIED SUPPORT THE CLAIM 
CONDUCTED IN THOSE 

TP.AT COMMUNITY ENERGY 
PROGRAMS BENEFIT THE LOCAL ECONOMY? 

Community energy programs are expected to benefit 

localities due to the effect of import substitution. Energy 

programs will reduce energy consumption; thereby, reducing 

energy imports and leakages of local dollars. The number of 

subsequent jobs created and the amount of increase in local 

income are questions to be addressed when examining the 

effect of energy programs on the local economy. 

the 25 communities addressed economy effects. 

Twelve of 

Five of 

these: Palo Alto, Greenville, Knoxville, Seattle, and New 
' York, provided no analysis and very limited data within the 

reports which were examined. Another five: Carbondale, 

Portland, Springfield, Boulder County, and Bridgeport 

provided limited analysis which was based on other studies 

with little documentation or explanation. Each of these 5 

concluded that there would be subs tan ti al employment and 

income benefits resulting from the proposed energy program. 

The only two studies among the five which provide reliable 

information on economy effects are Los Angeles and 

Philadelphia. Both of these communities relied on economic 

models for determining economy effects. The Los Angeles 

study indicated that implementation of energy efficiency 
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measures proposed in their Energy/LA Action Plan would 

reduce Los Angeles' energy bills by $790 million in the year 

1990 alone, at an annual cost of $301 million, creating a 

net savings of $489 million. This energy and dollar savings 

was projected to create 9,500 jobs during the 1982-90 

implementation stages, and 14,031 jobs afterwards (see page 

63). Philadelphia projected an increase in total 

discretionary income equal to $336 million over the ten year 

implementation period. Total employment projected for the 

ten year implementation period equaled 12,346 (see Table 9). 

Both of these communities conducted sophisticated economic 

analysis to examine the effects of their energy programs on 

the local economy. Their results, although only projected 

estimates, provide some basis to support the often made 

claim that energy programs do benefit the local economy. 

The degree of impact which these economy effects will 

have on a locality depends on several factors. The amount 

of dollars retained will of course depend on the energy 

savings which is achieved. Use of outside dollars, such as 

federal or state. grant money, to implement a program will 

also result in greater economy effects. A program which is 

paid for entirely from within the community will have 

smaller effects; however, there will still be a stimulus to 

the local economy due to the effects of import substitution. 
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The projections given above are all that the case 

studies provided to support the claim that community energy 

programs benefit the local economy. While the benefits seem 

reasonable from an economic standpoint, no study has been 

done to determine actual effects on the local economy after 

program implementation. Further study in this area might be 

possible now that some energy programs· have been in 

existence for several years. 



Chapter IV 

A FRAMEWORK FOR ECONOMIC EVALUATION IN ENERGY 
PLANNING 

4.1 INTRODUCTION 

A general framework for performing an economic analysis 

of community energy plans and programs is developed in this 

Chapter. The framework is presented in phases or steps 

which can be followed depending on time, resources and 

personnel available to the community. Phase 1 examines 

energy economic audit data to determine the effect which 

present energy consumption levels have on the money 

available to the local economy. Program cost effectiveness 

is determined in Phase 2. Phase 3 examines the effect of 

energy programs on the local economy. A summary table of 

the equations presented in this Chapter is given in Appendix 

A. While the framework does not provide a highly technical 

approach to economic analysis; it is a reasonable means for 

a local government to quickly perform an economic analysis 

on their energy plans and programs. 

83 
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4.2 PHASE 1 - ENERGY ECONOMIC AUDIT DATA 

This phase exa:nines community energy consumption and 

relates it to energy dollars spent and how much of this 

leaves the local economy. Figure 15 illustrates the input 

necessary for Phase 1 analysis beginning with a community 

energy profile and the progression of steps which follows, 

including the total energy bill for a community and the 

percentage of energy dollars retained in or lost from a 

local economy. 

The first step for many communities which approach 

community energy planning is to assess the local energy 

situation. The conventional approach is through a community 

energy audit. The audit determines the level of energy 

consumption (demand) by sector, and sources of energy supply 

by fuel type. The results will often demonstrate the need 

for action, and show where that action should be targeted. 

It also provides a baseline against which to compare future 

energy consumption. Energy programs can then be proposed 

which will best suit the specific needs of the local 

community. 

There exist two energy audit . methodologies which are 

commonly used by communities. The first is a simplistic 

approach provided in County Energy Plan Guidebook written by 

Okagaki and Benson (1979). This method is dependent on data 
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aggregated at the state level and secondary census 

information which inherently contain inaccuracies when 

applied at the local level. A more comprehensive approach 

is found in the Hittman Methodology which was developed by 

Hittman Associates for CCEMP. It requires a significantly 

larger amount of time and money. The Hittman Methodology, 

or variations of it, was used by the CCEMP communities. 

There are lessons to be learned from the 2-3 year 

experiences of these 16 communities which were awarded 

grants by the U.S. Department of Energy to develop 

comprehensive energy management plans (Moore et al., 1981, 

p. 236): 

"Spending a large amount of time and money on 
conducting a highly detailed, built-up audit may 
result in information that is too detailed for 
overview and general education purposes. In 
addition, communities found that the data gathered 
was not in a form useful for analysis of specific 
energy management actions." 

"The implication is that for communities desiring 
to address a broad set of energy concerns, a 
general profile of energy use in various community 
sectors can provide sufficient information for 
setting policy and energy management objectives. 
Such a profile may be derived from utility records 
and from sampling for nonreported fuels, such as 
fuel oil. If needed, more detailed estimates of 
fuel consumption by end uses can be developed 
later." 

The CCEMP experiences lead to the conclusion that 

community energy audits should be based primarily on 

information from utilities and fuel suppliers with perhaps 

some sample surveys being conducted to fill in the gaps. 
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The Dayton CCEMP experience provides a good example of the 

use of surveys to determine the community energy profile 

(Dayton, 1981). Once the energy profile for a community is 

determined, the steps outlined in the next two sections can 

then be included in the analysis. 

4.2.1 Total Energy Bill 

The sum of expenditures for all fuel 

sectors will equal the total energy bill. 

types in 

Ideally 

all 

the 

calculation should be done to include past, present, and 

future energy costs. Each should be expressed in constant 

dollars using consumer price indices for energy as shown in 

Table 12 . To do this, the dollars for the year of analysis 

are divided by that year's price index and multiplied by the 

price index for the year for which the dollars are to be 

based, e.g. $100 in 1982 is equivalent to $56.1 in 1975 

dollars (100/287.1 * 161.2 = $56.1). Constant dollars serve 

to negate the effect of inflation on prices, providing a 

better comparison of energy costs for various years. 

Past, present, and future energy prices must be 

obtained to determine the total energy bill for a community. 

Past and present electric and natural gas prices can usually 

be obtained from the local utility company. Past and 

present oil prices can be obtained from local fuel 
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TA::313 12 
Consumer Price Indexes of ?uels and Utilities: 1965 to 1932 
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suppliers. Future price projections will vary by locality 

for electricity, they should therefore also be obtained from 

the local utility. Natural gas and oil price projections 

can, however, be based on national data since they are more 

sensitive to national occurances rather than local 

conditions. The Department of Energy is a good source for 

price projections. 

Assuming energy prices can be determined for any year 

to be studied through the above mentioned sources, they 

should be expressed in constant present value dollars and 

used in the following equation to determine the total energy 

bill (TE) for the community: 

TE !:i.E *P = j k jk j 

where, E => energy consumption (in BTU's) 

P => price of energy (constant $/BTU) 

j => fuel type 

k => consumption sector 

The total energy bill (TE) is calculated using the above 

formula for each year to be studied, and then is expressed 

in constant dollars using the method described above. To do 

this, the total energy consumption (E) in fuel type (j), 

consumption sector (k) is multiplied by the dollar price (P) 

per BTU of fuel type (j). The energy bill for all sectors 

and all fuel types is then summed to equal the total energy 



bill (TE) for study year 

constant dollars. This 
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one 

type 

which is then expressed in 

of calculation will also 

provide a breakdown of energy costs by sector and by fuel 

type which can be examined to determine where the greatest 

expenditures occur. 

Calculating energy costs can serve many purposes. 

Comparing past and present costs will indicate the increase 

which has occurred in local energy expenditures. In many 

cases consumption will have decreased in the past few years; 

even so, costs will have increased, causing an overall 

increase in the community energy bill. Present energy costs 

will provide a base year from which to plan for future 

goals. Future costs will indicate the expected costs if 

existing trends were to continue. They will also serve as 

an indicator of possible savings in further calculations. 

Finally, there is an important new meaning which occurs 

when energy usage is expressed in familiar dollar terms. 

Citizens and government officials are known to be more 

responsive to figures which indicate "millions of dollars 

spent" as opposed to "BTU'S of energy used." When expressed 

in dollars, energy usage and possible savings suddenly 

become a more crucial matter, 

action. 

necessitating immediate 
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Percent Energy Dollars Lost From (or Retained in) 
the Local Economy 

It was assumed by most communities, that on the 

average, 20% of the total money spent by a locality on 

energy, will be retained or recycled through the economy. 

The other 80% will go to pay fuel distributors, resulting in 

a major loss to the local economy. This substantial dollar 

drain, will increase with rising energy prices, 

necessitating a need for immediate action. 

To estimate this dollar drain on the local economy, the 

number of local utility workers are multiplied by the 

average income of a utility worker. This equals the total 

wages earned, which are assumed to be spent locally. Added 

to this, is the amount paid in property taxes by the utility 

which is also assumed to be spent locally. Finally, dollars 

retained through gasoline expenditures is also added to the 

above. This is determined by subtracting the wholesale 

price paid by local distributors from the retail price, the 

result is the total markup which is assumed to be retained 

locally. The total of the above equals energy dollars 

retained which can be subtracted from the total energy bill 

to give dollars lost which can be expressed as a percentage 

of the total. The following provides a summary of the 

procedure necessary to determine energy dollars retained in 

or lost from the local economy (Boulder, 1981). 
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l. Multi ply: #of utility employees x average personal 
income= Total Wages Earned (assume wages are spent 
locally) 

2. Determine: Amount paid by utilities in property 
taxes (assume taxes are spent locally) 

3. Determine for gasoline: Retail Price - Wholesale 
Price= Total Markup (assume Total Markup is retained 
locally in the form of wages, insurance, mortgage, 
etc.) 

4. Total: 1 + 2 + 3 (above) = Total Energy $ Retained 
Locally 

5. TE (above) - Total Energy$ Retained= Total Energy$ 
Lost, or 

6. ( $ Retained ( or Lost) / TE) x 100 = % Retained or 
Lost 

PHASE 2 - PROGRAM COST EFFECTIVENESS -- --
This phase examines programs to compare their direct 

implementation costs against their expected energy and 

dollar savings (benefits). Such an analysis will determine 

the cost effectiveness of a particular program, which is 

perhaps the most important measure of 

feasibility and ability to be implemented. 

a program's 

Figure 16 

illustrates the procedure necessary to conduct the analysis 

included in this phase. 

Considered in this phase are specific energy programs 

and energy projects. Energy programs which save energy 

through conservation measures can involve regulation, 

financing, tax incentives, and outreach programs. 
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Regulations include improved building codes, retrofit 

conservation standards, solar access ordinances, mandating 

of solar domestic hot water heaters, and other programs 

which require a specific action be taken by the citizen. 

Financing programs are often available through municipal 

solar utilities or the local utility company. These 

programs can provide low or zero interest' loans for 

weatherization, installation of solar devices, and other 

energy conserving measures. Incentives may take the form of 

a property or income tax credit such as that offered by the 

federal government and many state governments, allowing a 

deduction from income tax for a percentage of the cost of a 

solar system or weatherization. Finally, outreach programs 

include a variety of possibilities such as educational 

workshops, energy audits, or installation of weatherization 

devices in low income homes. The analysis for such programs 

will differ depending on the type of program and whether it 

will include simply initial labor and materials costs or if 

additional costs such as administrative costs must also be 

considered over the implementation period. Local energy 

projects producing energy from local sources will also save 

energy, due to the subsequent reduction in community energy 

imports. 
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4.3.1 Potential Energy Savings 

Implementation of specific 

production programs will reduce 

energy conservation or 

the amount of energy 

previously consumed and imported. Energy savings 

attributable to specific conservation programs will depend 

upon the type of program and local conditions. 

this, it is best for savings estimates to 

Considering 

be derived 

locally. A local contractor can estimate potential savings 

for weatherization programs through heat loss reduction 

estimates. Savings attributable to solar DHW are usually 

based on the percent contribution which the solar system 

will make to the overall household hot water energy demand. 

When transportation programs are considered such as 

carpooling, energy savings can be estimated by determining 

the reduction in miles travelled and multiplying it by 

average miles per gallon of gasoline to arrive at gallons of 

gasoline saved. 

Energy production projects usually require an 

engineering feasibility study to evaluate the project. This 

is most commonly performed by a consultant. Included in 

this will be technical studies which will show the amount of 

energy which can be produced by a particular project. 
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4.3.2 Potential Dollar Savings 

The amount of money saved as a result of potential 

energy savings from program implementation is the potential 

dollar savings (PVB). This represents program benefits in 

more meaningful dollar terms. To calculate dollar savings 

(B), energy savings (ES) are multiplied by projected energy 

prices (P) for each respective future year (t) and fuel type 

(j) to be considered. Dollar savings (B) are then expressed 

in present value dollars to facilitate comparisons with 

other present day investments. Total present value dollar 

savings (PVB) are then equal to the sum of dollar savings 

for all fuel types for all years. 

PVB = £.. 
t . PVB . 

J tJ 
PVB tj 

where, 

= B I Cl+il t tj 
B . = p tj * ES . tJ tJ 

PVB => total present 

B => dollar savings 

p => price of energy 

ES~> energy savings 

t => future year. 

j ~> foe l type 

i => discount rate 

value dollar savings 

($/BTU) 

(BTU's) 
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Dollar savings can also be calculated in the same 

manner for energy projects, where the energy produced will 

be the energy savings as expressed in the equations above. 

4.3.3 Program Costs 

The costs associated with implementing or installing 

specific energy conservation programs or energy production 

projects are addressed in this section. 

which require only initial labor and 

Specific programs 

materials cost to 

implement, such as a retrofit regulation, can be best 

estimated by a local contractor for solar devices or 

conservation measures or the local U.S. Department of 

conservation Energy weatherization organizations for 

measures. Administrative costs associated with some energy 

conservation programs can be best estimated in-house. For 

example, Seattle's proposed retrofit ordinance required high 

administrative costs to pay for the inspections necessary 

for implementation and enforcement. Such costs will tend to 

affect the whole community over the implementation period. 

Santa Clara County, however, implemented a solar hot water 

heater ordinance which required no administrative costs to 

the county government. The costs of the ordinance could 

therefore be estimated based on initial labor and materials 

costs to the individual household. Costs associated with 
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energy production projects will be expressed in dollars per 

unit of energy produced. 

through the technical 

performed on the project. 

This figure will be determined 

part of the feasibility study 

Present value costs for a specific program with no 

administrative costs will simply be the initial investment 

cost (IC). The present value costs (PVC) of programs and 

projects which will accrue costs beyond the initial 

investment are determined in the following ~quation: 

PVC= 

4.3.4 

where, PVC=> present value costs 

IC=> initial investment 

Ct=> costs in year t 

t => future year 

i => discount rate 

Cost Effectiveness 

Given dollar savings and costs, energy programs and 

projects can be evaluated in terms of their cost 

effectiveness. There are four common ways to do this: 

payback analysis, cash flow analysis, life cycle cost 

analysis, and benefit/cost analysis. Payback analysis can 
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be calculated based on crude payback (initial cost/first 

year savings), or more accurately based on actual payback. 

Actual payback considers fuel price escalations which drive 

up energy prices, and discounts the future savings to 

present value dollars. Annual cash flow analysis considers 

all factors which affect system cost effectiveness. Each of 

these factors such as operation and maintenance costs, tax 

deductible interest payments, loan payments, tax rebates, 

down payments, property taxes, insurance costs, and others 

are listed year-by-year to derive a total net cash flow for 

each year (Leckie et al., 1981) such as is shown in Table 13 

Life cycle cost analysis compares the costs of one 

alternative (such as a solar water heater) to another (such 

as an electric water heater) over the life of the system. 

This type of analysis was conducted by Santa Clara County 

(see Figure 7). Benefit/cost analysis is simply the ratio 

between the present value benefits and costs of a system. 

Only two of the above methods, actual payback and 

benefit/cost analysis, are illustrated in the following 

sections. These two were chosen because they can be easily 

derived based on data which has been earlier determined in 

this phase of economic analysis. Also, examples of the 

other two methods have been provided above and in Chapter 

I I. 
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4.3.4.1 Actual Payback 

Actual payback analysis is a simple, straight-forward 

means of determining the cost effectiveness of programs 

which will not accrue any additional costs beyond the 

initial investment of labor and materials such as 

weatherization programs. This analysis, however, provides 

misleading results when applied to more complex programs in 

that it only considers benefits up to a break even point, 

resulting in an unrealistically long payback period which is 

often easily dismissed by our mobile society. This type of 

analysis should therefore be supplemented in most cases by 

one of the other more detailed analysis methods mentioned 

above for more accurate results. To determine actual 

payback (AP), the initial investment costs (IC) are divided 

by the first year dollar savings as expressed earlier ( ~j 

P(o,j) x ES(o,j)) to arrive at crude payback. Crude payback 

is then modified by applying the discount or interest rate 

(i) and fuel price escalation rate (r). This can be done 

with the equation below; or simply, crude payback can be 

applied to Figure 17 (Leckie et al., 1981, p.207) along with 

the difference between fuel price escalation rate (r) and 

interest rate (i) to arrive at actual payback in a 

reasonably accurate manner. 
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where, R => l+r/l+i 

4.3.4.2 

i => discount rate 

r => escalation rate of fuel prices 

IC=> initial cost 

P . * ES . => first year_savings 
J OJ OJ 
P . => price of fuel type ·(j) in the first year (o) OJ 

ES . => energy savings for fuel type (j) in the first 
OJ year (o) 

Benefit-Cost Ratio 

Benefit/cost analysis is used here to determine the 

cost effectiveness of energy programs and projects which 

require added costs, such as administrative, beyond the 

initial implementation costs of labor and materials. The 

benefit/cost ratio gives an initial indication of the cost 

effectiveness of a program upon which implementation 

decisions are often based. A benefit/cost ratio is derived 

by simply dividing present value dollar savings (PVB) by 

present value costs (PVC), each of which was determined 

earlier in Phase 2 analysis. 
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TABLE 13 

Annual Cash Flow Analysis 

••• ,_, ,._ ,._ r- r- o- <•• ·- .... _ ,_ ,_ .... _ 
0..,. c:,.,u, ,_ B•,.•IH 

I +200 -248 240 +84 -25 +1000 -500 516 
z 240 248 Z39 84 30 46 
3 288 248 238 83 36 87 
4 346 248 237 83 43 138 
s 414 248 235 82 S2 198 

- .. u.~..,....- 20,...., ».,... 1z,~lSt. •bo- s:zoo ... i,.-.....,., _.,.. • zo,., "°' ,........ ___ 

Source: I.e::kie, Jim et al. M:lre Other Hares and Garbage. 
San Francisco: Sierra Club Books, 1981. 
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system cost , !';_( ears) 
first year's fuel sav,ngs 51 Y 

Jim Leckie, et al. More Other Horues and Gar':Ja;re. 
San Francisco: Sierra Cl'J.b Fooks, 19:31. 

Figure 17: Actual Payback 
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where, PVB = !j PVBtj 

PVC= cl c2 ct 
IC + -~- + --- + • • • + ---"-

( l +i) 1 (l+i) 2 (l+i)t 

4.4 PHASE 3 - EFFECTS ON THE LOCAL ECONOMY ---
This phase goes beyond program cost effectiveness, as 

shown in Phase 2, to examine the effect energy programs have 

on the local economy. Economy effects are considered here 

because energy programs often result in a significant dollar 

savings to the locality in terms of decreased energy 

imports. Import substitution can promote the local economy 

by decreasing the amount of dollars which leave the locality 

to pay for imports (see Figure 3). This can often lead to 

local economic growth as there will be more locally spent 

money. The same effect occurs when there is increased 

export activity resulting in more money for the locality. 

Energy programs which may not have an immediate payback will 

often create other immediate benefits such as those caused 

by import substitution. To adequately assess energy program 

feasibility these effects should also be considered. 

Figure 18 indicates the procedure necessary for Phase 3 

analysis and the progression of effects. Employment is used 

as an indicator in this analysis because of data 
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availability and the need for a common unit to express all 

economy effects. The following sections will include a 

discussion of direct and indirect employment created, effect 

on local energy suppliers, and other minor economic effects. 

Each effect will be dependent on the type of program, its 

intensity, and local economic conditions. Example 

calculations are provided in Appendix B to further 

illustrate the procedure outlined in these sections. This 

phase provides only a general analysis which will have to be 

modified for the local situation. 

4.4.1 Direct Emplovment 

Direct, on-site employment will be created with the 

implementation of most energy conservation programs and 

production "projects. For example, workers required to 

install a solar DHW system are considered direct employment. 

To estimate direct employment, program implementation costs 

are examined to determine the breakdown of costs. Costs 

attributable to labor (LC) are multiplied by the percent of 

total labor cost which is attributed to various wage sectors 

PC(k). This can then be divided by local estimated wages 

W(k) for the labor sector affected. This will give number 

of jobs created in that employment sector J(k). The sum of 

all employment sectors affected will be total direct jobs 

(DJ). 
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DJ =Z J 
k 

Jk = (Lek I Wk)/ t 

LC = LC * PC k k 

where, Jk => direct jobs created in sector k 

LC=> total labor cost 

LCk => labor cost in sector k 

Wk=> wages for sector k 

PCk =>%of total labor cost for sector k 

k => employment sector 

t => implementation period 

When energy production projects are considered there 

will likely be some importing of specialized trade workers. 

This will decrease total direct jobs and their indirect 

effects since wages, in part, will be spent outside of the 

local economy. Considering this for all programs, the use 

of local workers will reap the maximum benefits. 

4.4.2 Indirect Emoloyment 

Indirect employment will result when direct local 

expenditures are made; thereby, creating expenditures 

somewhere else in the economy. For example, workers hired 

to install a solar DHW system will receive wages as a direct 

result of the energy program. Some of these wages will 

directly leak out of the locality in the form of taxes and 
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savings. Remaining wages will then be dispersed through the 

local economy to pay for such i terns as: food, housing, 

personal goods and services, transportation, medical, 

recreation, education, and local taxes. An increase in 

indirect housing expenditures may then create further 

indirect expenditures in the local lumber yard. This effect 

will continue on for infinity. 

The proximity of a community to other communities and 

its ability to produce goods and services locally will 

determine the extent of the multiplier effect. Totally 

isolated, self-reliant communities would require no imports; 

thereby, enabling them to retain all expenditures. Such a 

condition would of course not occur if the community was 

examining ways to reduce energy imports. On a more 

realistic scale, communities which are a suburb of a larger 

city will likely loose nearly all indirect expenditures to 

the surrounding area. Finally, there is the community which 

may be isolated to a certain degree from other large cities 

and therefore require only a percentage of its goods and 

services to be imported. This more typical community will 

experience a multiplier effect but it will be considerably 

smaller than that which would be derived by one of the 

commonly used economic impact models, the export base model. 

The export base method produces a multiplier which is 
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misleading due to its use of an average multiplier for the 

whole economy rather than multipliers which are industry 

specific. A study done by Garrison (November, 1972, p. 337) 

on the multiplier effect on small rural areas, reinforces 

this concept: 

"The multiplier analysis applied to the five 
counties in which new industry located during the 
period 1958-63 suggests that, in addition to the 
new plant payroll and employment, there was a 
modest multiplier effect on personal income in the 
local consumption sector of the rural economy. 
However, the multiplier effect on employment was 
rather small. Only 98 new jobs in trade, finance, 
services, and other local consumption of nonbasic 
activities were attributed to the new plants, 
which had a combined local employment of 1,177." 

Economic effects are commonly analysed through one of 

three economic models: input-output, econometric, and 

export base. The input-output model provides a large degree 

of sector detail, giving necessary results and more. Use of 

it will, however, depend primarily on availability of 

resources since it is quite expensive and time consuming to 

develop. Los Angeles used an input-output model for their 

economic analysis. Econometric models can also provide 

detailed economic impact analysis. They are, however, quite 

difficult to apply at the local level due to data 

requirements which tend to increase required time and 

expense. Philadelphia used an econometric model for their 

economic analysis (Winger, 1977). 
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The export base model has many problems including its 

use of only two sectors, export and local. This results in 

an often overstated average multiplier which may not 

accurately apply to all sectors. Despite its problems, the 

export base model has been used for many years as a 

determinant of local economic growth. It is easily 

understood and can be implemented quite cheaply compared to 

the input-output and econometric models. The export base 

model concept will be used for this section of Phase 3 

analysis. 

An accounting approach will be used here to examine 

indirect employment effects. It is similar to export base 

in that it acknowledges injections and leakages which effect 

the local economy. 

because it creates 

It is used over the export base method 

more accurate multipliers which are 

industry specific. The many assumptions involved, however, 

lessen the degree of accuracy achieved by this accounting 

approach. For this reason, any existing econometric and 

input-output model for a community should be used to arrive 

at the most accurate results. Once developed, these models 

can be applied to various local economic situations at a 

lesser cost. Export base is also not used here due to its 

inability to consider injections such as dollars spent on 

materials and program dollar savings. These injections are 
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questionable due to the theory that this money would have 

been spent locally despite energy program implementation. A 

case can be made, however, for these injections when the 

money invested is obtained from outside sources, such as a 

federal or state grant. 

The accounting approach derives the increase in local 

income due to energy programs and then tracks this dollar 

amount through the local economy to estimate how much money 

remains in the locality. Indirect jobs are then derived 

from this dollar figure. Figure 18 will be helpful for 

interpreting the flow of money which occurs in this 

approach. The following is a discussion of injections and 

leakages to the local economy occurring as a result of 

implementation of energy programs and the subsequent 

indirect jobs created. 

Injections. There are basically three factors creating an 

increase in local income, they are: direct wages, dollars 

spent on materials, and program dollar savings. Direct jobs 

as discussed earlier will provide an injection into the 

local economy in the form of wages earned. This can be 

thought of as the figure earlier determined to be cost of 

labor (LC). 

Implementation costs will include cost of materials 

(MC), this amount should be available from the 

implementation costs determined earlier in Phase 2. A 
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breakdown of materials used and costs of each should be 

examined to determine what materials can be bought locally 

and what will be imported. A rough estimate of material 

costs which are bought locally (MC) will then be a direct 

injection to local income. 

Dollar savings (PVB) were derived in Phase 2 and can be 

used here as a direct injection into local income. The 

total amount of these injections divided by the 

implementation period (t) will be the annual increase in 

local income (I) as shown in the following equation: 

I= (LC+ MC+ PVB)/t 

where, I=> increase in local income 

LC=> cost of labor 

MC => cost of materials 

PVB => present value dollar savings 

t => implementation period 

It might might be argued that an increase in income is only 

attributable to dollar savings. To a certain degree this 

will be true for· locally funded programs. Those programs 

which are funded by outside sources, however, will cause an 

increase in income which can be attributed to all of the 

above injections. 
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Leakages. An increase in local income can be thought of as 

a household budget, to determine how much money is spent in 

various sectors of the economy. To do this, census data 

referring to the locality or region should be used. From 

this we can determine the percentage which is lost to 

federal and state taxes (T). This is multiplied by income 

(I): to give the dollar amount lost to federal and state 

taxes I(T). Savings (S) are also considered a leakage 

because of the uncertainty of where savings are distributed 

in the form of investments. They can be derived in the same 

manner as taxes, ie: multiply the percentage saved (S) by 

income (I) to give income lost to savings I(S). Subtracting 

both of these leakages from income, we are left with income 

available for household consumption or disposable income 

I(H) as shown in the following equations: 

IH = I - I - I T S 
IT= I* T 

I = I * S s 
where, IH => disposable income 

I => increase in local income 

IT => income paid for taxes 

IS => income in savings 

T => % of income, lost to federal and state taxes 

s => % of income, saved 
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Disposable income I (H) can now be multiplied by 

personal consumption rates for each sector LPC(K), or the 

percent of expenditures which are retained locally in the 

remaining sectors of the economy: food, housing, personal 

goods and services, transportation, medical, recreation, 

education, and local taxes. This will give income retained 

locally for each sector I (k). Personal consumptionn rates 

will vary significantly by community since they are based on 

local availability of goods and services. For housing, 

transportation, medical, recreation, and education, 

estimates will be based primarily on assumptions about the 

locality. For example, in looking at transportation, if the 

community has several car dealers, mechanics, and gas 

stations, we can assume that most of this money will be 

retained. If, however, the community supplies only 

gasoline, the percentage lost will be based on the percent 

of expenditures occurring in other components of 

transportation. Census and employment data on the locality 

may be helpful in determining the degree of local economic 

activity occurring in each sector. Some assumptions wi 11 

have to be made for smaller communities which do not have 

such data disaggregated for them. Local taxes in most cases 

will be totally retained. Dollars retained through 
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expenditures on food, and personal goods and services will 

depend on the retail attractiveness of the area. 

be estimated with the use of a gravity model. 

This can 

Gravity models are based on Newton's Law of Gravity, 

where the attraction between two bodies is based on the mass 

of each and the di stance between the two as shown in the 

following formula (Dickey, 1975 p. 200): 

where, F12 => the gravitational force between bodies 1 and 2 

M1 => the mass of body 1 

M2 => the mass of body 2 

d12 => distance between bodies 1 and 2 

G => constant 

This has been related to shopping travel and dollars spent 

outside the community for retail as is described in the 

following example (Dickey, 1975 p. 200): 

M(l) might repres~nt the "mass" of trips available 
at, say, a residential area; M(2) the 'mass' or 
attractiveness of a shopping area; d(l2) the 
distance between the two areas; and F(l2) the 
number of trips between the two areas. This 
interpretation would imply through the gravity 
model that the greater the size or attractiveness 
of the two areas (masses) and the less the 
distance between them, the more would be the 
number of interarea trips. This was found to 
resemble many real world situations." 



116 

Using this model, the degree of retail trade occurring 

in the locality and outside of the locality can be 

determined. Dollars remaining in each sector after imports 

are considered I(k) can be divided by annual wages for that 

sector W(k) to determine indirect jobs created in each 

sector JC(k). These can be totalled to equal total indirect 

jobs created (JC) as is done in the following equations: 

JC = tJCk 

4.4.3 

.Jck D Ik / wk 

Ik = IH * LPCk 

where, JCk => jobs created in sector k 

Ik => income retained in sector k 

Wk => wages paid in sector k 

IH => disposable income 

LPCk => personal consumption rates in 
sector k (% retained locally) 

k a> consumption sector 

Effect on Local Energy Supoliers 

The potential decrease in jobs to the local energy 

suppliers must also be considered. Since less energy will 

be used as a result of energy programs, conventional energy 

supply businesses will be expected to decline to some 

degree. It is proposed that this decline will produce a 
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"downward multiplier effect which is expected to be 

relatively small, however, because of the minor fraction of 

energy expenditures which stay in the locality" (Daspi t, 

1981 p. 36). Conclusions about this effect were reached in 

another study (Los Angeles, 1981 p. 105): 

"No jobs are displaced in the utility industry 
when energy is conserved (or produced). This is 
because employment in the industry is relatively 
insensitive to the amount of energy sold, due to 
the capital intensive nature of utility industry 
production and necessity of retaining operation 
personnel in reserve even when plants and 
equipment are idle. For this reason, no job 
displacement has been subtracted from the 
'respending jobs' created" 

It can be assumed through these examples that although there 

may be an effect it is likely to be negligible. To estimate 

the effect, despite its proposed insignificance, dollar 

savings PVB determined earlier, are divided by average local 

utility wages (W) to determine jobs lost (IJ). This should 

result in a rough estimate which can be subtracted from 

indirect jobs created to equal net indirect jobs: 

JL = (PVB / W )/ t 

where, PVB => present dollar savings 

W => average wage for utility workers· 

t => implementation period 

IJaJC-JL 

where, JC=> jobs created 
JL a> jobs lost 
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4.4.4 Minor Economic Effects 

There will be minor economic effects which result from 

energy plan or program implementation. These effects can 

not be easily quantified and should • only be considered 

qualitatively. These effects will include: opportunity 

costs, cyclical sensitivity, population growth, and others. 

Opportunity costs occur when money is tied up in an 

investment thereby eliminating the II opportunity" to invest 

elsewhere. The degree of sensitivity which a community has 

to national economic conditions is measured as cyclical 

sensitivity. It is possible that by reducing energy 

consumption and becoming less dependent on energy imports, a 

locality will not be as affected by (sensitive to) national 

energy shortages and prices. Population growth in a 

community which has decreased its reliance on energy imports 

may increase the multiplier effects especially if new 

industry moves into a community because of lower energy 

costs. There are likely to be many other factors effecting 

the local economy, but most will be insignificant asides. 

Once program feasibility is decided they may only serve to 

reinforce program implementation. 



Chapter V 

SUMMARY AND CONCLUSION 

This thesis supports the hypothesis stated in the 

introduction: "community energy planning efforts in the 

U.S. do not reflect indepth analysis of effects on the local 

economy." Community energy plans and programs of twenty-

five communities examined in this thesis included in nearly 

all cases, the study of program cost effectiveness. 

However, most plans and programs lacked any analysis 

performed to determine the effects on the local economy. 

The case studies were divided into three groups based 

on the degree of economic analysis which had been conducted 

by the community on their energy plan or program. The first 

group provided no economic analysis at all or what was 

provided was very limited, referring only to program cost 

effectiveness with no analysis to substantiate the data 

provided. The second group, by the most part included data 

and some analysis of program cost effectiveness: Some 

communities in this group also included effects on the local 

economy; however, with the exception of Carbondale, 

Portland, and Springfield, 

substantiate the data. This 

no analysis was provided to 

group on the whole provided 

more extensive data and analysis than group one; however, 

119 
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none of these communities provided detailed economic 

analysis of both program cost effectiveness and effects on 

the local economy. The third group contains two 

communities, Philadelphia and Los Angeles which performed 

detailed economic analysis on their energy plans and 

respective programs. The other two ,communities included in 

this group, Bridgeport and Boulder, provide economic 

analysis; however, it is considered to be questionable due 

to the manner in which it was developed. Each case study 

was written to include any information which addressed the 

questions discussed in Chapter III. 

Chapter III examined the relationships between economic 

analysis and community energy plans and programs through a 

discussion of the following three questions: 

1. Do community energy planning 
reflect indepth analyses of 
economy? 

efforts 
effects 

in 
on 

the 
the 

u. s. 
local 

2. Does economic analysis facilitate implementation of 
energy plans and programs? 

3. To what extent do economic analyses conducted in 
those communities studied support the claim that 
community energy programs benefit the local economy? 

The first question is a restatement of the hypothesis, and 

as stated above, evidence provided in the case studies 

indicated that indepth analysis of effects on the local 

economy, did not occur in most cases. Only twelve of the 

twenty-five communities examined economy effects and five of 
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these only provided data with 

provided analysis but it was 

documentation. Only two, Los 

no analysis. 

limited with 

Angeles and 

provided indepth analysis of economy effects. 

Five others 

questionable 

Philadelphia 

The present 

lack of analysis on economy effects was considered to exist 

partly because of misconceptions about the degree and type 

of analysis necessary and limited resources available to 

perform such an analysis. 

Economic analysis alone cannot always guarantee program 

implementation, as was discovered in a study done by Corbett 

and Hayden (1980) and later supported by another study done 

by Randolph (1982). These studies concluded that there are 

three key roles present in nearly all communities which have 

had success with implementation, including: a committed 

elected official, technical support personnel (to provide 

mostly cost effectiveness studies), and a local energy 

constituency. Economic analysis was present in the form of 

program cost effectiveness in all of the twenty-two 

communities which were successful in program implementation. 

Nine of these communities supplied data within their 

reports; however, no analysis was included to verify the 

data. In such instances it might be assumed that the data 

was nevertheless valid since it was often used to implement 

the program. The studies mentioned above (Corbett and 



122 

Hayden, and Randolph) clearly indicated the need for cost 

effectiveness studies in order to achieve implementation. 

Further study beyond the scope of this thesis, however, 

would be necessary to determine how influential program cost 

effectiveness is in the decision for program implementation 

in these particular cases. It can only be assumed here that 

a community is not likely to implement a program involving 

public expenditures of money, when the program is not 

thought to be beneficial at least in terms of program cost 

effectiveness. 

There is not enough evidence presented here to 

determine whether analysis of economy effects is always 

helpful in program implementation. A lack of economy 

effects data may not inhibit implementation when the above 

stated roles are filled; however, provision of it may 

further serve to influence a hesitant community. 

The benefits to the local economy referred to in the 

third question were projected to be substantial in the two 

communities (Los Angeles and Philadelphia) which performed 

detailed economic analysis. Further monitoring of 

communities during and beyond program implementation would 

provide the evidence necessary to further validate this 

point. The economic benefits often referred to by 

communities are in most cases only assumptions, which 
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although reasonable, require data to substantiate the claims 

if they are to be considered viable. Chapter IV provides a 

means for addressing the economic benefits alluded to by 

some communities, and overlooked by others. 

The framework which was developed 

major focal point of the thesis. 

in Chapter IV is a 

The framework was 

developed in phases which are progressive and can be 

followed to the extent that resources are available. Phase 

l examines energy audit data relating it to dollars spent by 

a community on energy and how much of that is retained in or 

lost from the locality. Phase 2 is the first part of 

economic analysis, it considers program cost effectiveness 

which often determines program feasibility. Phase 3, the 

second part of economic analysis, examines the effects of 

energy plans and programs on the local economy. Economy 

effects as they are referred to in this phase, are expressed 

as jobs gained or lost by the locality as a result of plan 

or program implementation. 

To cone l ude, the framework is a simplistic, yet 

reasonably accurate means for performing economic analysis 

on energy programs. By avoiding the complexities of other 

economic models, this approach allows the potential for 

communities to perform the analysis in house, and still 

attain an adequate degree of accuracy due to the development 
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of industry specific multipliers. The extent to which the 

analysis of economy effects will influence implementation, 

however, remains uncertain without more extensive study. 

The degree of influence will likely depend on the individual 

situation and the need for justification of program 

implementation. 



Appendix A 

SUMMARY TABLE OF EQUATIONS 

Phase l - ENERGY ECONOMIC AUDIT DATA 

Total Energy Bill (TE)=> Sum of products of energy consumption and 
energy price over all sectors and fuel types 

TE fiE *P 
= j k jk j 

where, E => energy consumption (in BTU's) 

P => price of energy (constant $/BTU) 

j => fuel type 

k => consumption sector 

Phase 2 - PROGRAM COST EFFECTIVENESS 

Potential Dollar Savings=> Sum of products of energy savings and 
energy prices over all sectors and fuel 
types, expressed in present value dollars 

PVB = L tj PVBtj 

PVB . = B . 
tJ tJ 

Btj = ptj * ES tj 
where, PVB => total present 

B => dollar savings 

p => price of energy 

ES=> energy savings 

t => future year 

j => fuel type 

i => discount rate 

value dollar 

($/BTU) 

(BTU's) 
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savings 
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Program Costs=> Initial cost plus discounted cost for each future year 

PVC= 

where, PVC=> present value costs 

IC=> initial investment 

Ct=> costs in year t 

t => future year 

i => discount rate 

Actual Payback (AP)=> Initial investment cost divided by first year 
dollar savings discounted for interest and fuel 
price escalation rates 

where, R => l+r/l+i 

1 => discount rate 

r => escalation rate of fuel prices 

IC=> initial cost 

P . * ES . => first year savings 
J OJ OJ 
P . => price of fuel type (j) in the first year (o) 

OJ 

ES . => energy savings for fuel type (j) in the first 
OJ year (o) 
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Benefit/Cost=> Present value dollar savings divided by present value 
dollar cost 

PVB 
PVC 

where, PVB PVB . 
tJ 

cl c2 
PVC = IC + --=-- + 2 + . . • + 

(l+i) l ( l+i) (l+i)t 

Phase 3 - EFFECTS ON THE LOCAL ECONOMY 

Total Direct Employment (DJ) => Dollar cost for on-site labor divided by 
wages for each labor sector 

DJ =!: J k 

Jk = (LCk / Wk) / t 

LC =LC*PC 
k k 

where, Jk => direct jobs created in sector k 

LC=> total labor cost 

LCk => labor cost in sector k 

Wk=> wages for sector k 

PCk =>%of total labor cost for sector k 

k => employment sector 

t => implementation period 
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Total Indirect Employment (IJ) => Net jobs from indirect jobs created 
and from indirect jobs lost. 

IJ = JC - JL 

where, JC=> jobs created 
JL => jobs lost 

Jobs Created=> Indirect jobs resulting from an increase in local 
expenditures • 

JC = tJCk 

JCk = Ik / Wk 

Ik = IH * LPCk 

where, JCk => jobs created in sector k 

Ik => income retained in sector k 

Wk=> wages paid in sector k 

IH => disposable income 

LPCk => personal consumption rates in 
sector k (% retained locally) 

k => consumption sector 

Leakages=> Dollars lost from the locality 

IH = I - IT - I 5 
I = I * T T 

I = I * S s 
where, I => disposable income H 

I=> increase in local income 

IT => income paid for taxes 

IS => income in savings 

T => % of income, lost to federal 

s => % of income, saved 

and state taxes 
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Injections=> Total dollar increase in local 
income due to energy programs 

I= (LC+ MC+ PVB)/t 

where, I=> increase in local income 

LC=> cost of labor 

MC=> cost of materials 

PVB => present value dollar savings 

t => implementation period 

Jobs Lost m> Jobs lost through fewer sales by local energy 
suppliers 

JL = (PVB / W )/ t 

where, PVB => present dollar savings 

W => average wage for utility workers 

t => implementation period 



Appendix B 

SAMPLE CALCULATIONS FOR PHASE 3 ANALYSIS 

Given: A community energy program is established to install ceiling 
insulation in 20000 housing units over a 5 year period (t) at a 
total cost (TC) of $12 million, The total cost is composed of a 
labor cost (LC) of $6,5 million and of a materials cost (MC) of 
$5,5 million. The total present value dollar savings (PVB) are 
estimated to be $8,000,000 for the 5 year period. 

Find: Total Direct and Indirect Employment 

Total Direct Employment (DJ) 

+ J2 
emp + 10 emp 

= 57 employees 

, , •> J 1=($5,850,000 / $25,000/yr/emp)/5yr 
= 47 employees 

, , , => J 2=($650,000 / $12,500/yr/emp)/5yr 
= 10 employees 

LC • LC * PC k k , , , => LC1 • $6,500,000 * .90 
= $5,850,000 

, , , => LC 2 = $6,500,000 * ,10 
= $650,000 

Assume: LC• $6,500,000 => total labor cost 

PC1 = ,90 =>%of total labor cost 

PC 2 = ,10 =>%of total labor cost 

w1 • $25,000/yr/emp ($12/hr) => wages 

w2 = $12,500/yr/emp ($6/hr) => wages 

where, Jk = direct employment in sector k 

k=l => construction employees 

k•2 => administrative employees 
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Total Indirect Employment (IJ) 

IJ • JC - JL ..• => IJ = 59 emp - 15 emp 
= 44 emp 

where, JC=> jobs created 
JL => jobs lost 

... =>JC= JCl + JC2 + JC3 + JC4 +JCS 

= 16 + 21 + 5 + 12 + 5 
= 59 emp 

JCk • Ik / 'Wk . • . => JCl = $390,000 I $25,000/yr/emp 
= 16 

• • • => JC2 = $260,000 I $12,500/yr/emp 
= 21 

. . . => JC3 = $104,000 I $20,800/yr/emp 
= 5 

. . . => JC = $156,000 I $12,500/yr/emp 4 = 12 

=> JC = $ 78,000 / $17,000/yr/emp 5 = 5 

Ik • IH * LPCk . . . => Il = $2,600,000 * .15 
= $390,000 

. . . => I2 = $2,600,000 * .10 
= $260,000 

. . . => I3 = $2,600,000 * .04 
= $104,000 

. . . => I4 = $2,600,000 * .06 
= $156,000 

. . •=>IS = $2,600,000 * .03 
= $ 78,000 

where, Ik => income per sector 
k=l => housing 
k=2 => food 
k=3 => transportation 
k=4 => clothing, personal care 
k=5 => medical care 
k=6 => public utility 
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. . . => I H = $4M/yr - $IM/yr - $.4M/yr 
= $2,600,000/yr 

... =>IT= $4,000,000 * .25 
= $1,000,000 

= $4,000,000 * .10 
= $400,000 

I • ( LC + MC + PVB) / t . . => 
I= ($6.SM + $5.SM + $8M)/Syr 

= $4,000,000 

where, IH => annual income for household expenditures 

Assume: T = .25 (% of income, lost to federal and state taxes) 

S = .10 (% of income, saved) 

Personal Consumption Rates (retained locally): 

I.PC! = .15 

I.PC = 2 .10 

LPCJ = .04 

LPC4 = .06 

I.PCS = .03 

Assume: Wl = $25,000/yr/emp ($12/hr) 

w2 = $12,500/yr/emp ($ 6/hr) 

w3 = $20,800/yr/emp ($10/hr) 

W4 = $12,500/yr/emp ($ 6/hr) 

ws = $17,000/yr/emp ($ 8/hr) 

w6 = $20,800/yr/emp ($10/hr) 

JL = PVB / w6 / t ... => JL = ($1.6M I $20,800/yr/emp) I Syr 
= 15 employees 

Assume: Only 20% of PVB would have been retained locally, 
(i.e. PVB = 8,000,000 * .20 = 1,600,000) due to existing 
leakage of local energy dollars to outside suppliers 
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