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FOREWORD 

In the preface to the National Energy Planl/, President Carter states: 

"We can rediscover the ingenuity and the efficiency which 
have made our nation prosper, rather than deepening our 
dependence on insecure imports and increasingly expensive 
conventional energy supplies. We can rediscover small-scale, 
more creative ways of satisfying our needs. If we are 
successful, we can protect jobs, the environment, and the 
basic American standard of living, not only for ourselves 
but also for our children and grandchildren." 

The goal of this study is to begin to rediscover those "more creative ways" 
of satisfying our energy needs. 

The study is set in a New England town of thirty thousand. It starts with 
an examination of the human and social functions .that energy systems must 
serve, n:nd· estimates the. end-use energy required to meet those functions. 
It then considers alternative methods for meeting energy n.eeds using 
conservation and renewable energy sources that may be locally owned. 

Selection of energy systems is based upon explicit criteria that go beyond 
strict technical and economic criteria. These criteria include: 

increased local energy self-reliance 

environmental protection 

public participation in energy choices 

quality and quantity of energy-related employment 

scale of energy systems d,evelopment 

local community and economic development 

social costs and benefits of alternative energy systems· 

These criteria, regarded as externalities in some energy analyses, are central 
in this study. 

Engineering reviews of earlier drafts of this report have made it clear that 
estimates of efficiency, lead-time for technology development, and other 
technical or economic factors may be quite uncertain. These uncertainties 
are probably irreducible, given the immature state of our knowledge and 
experience with conservation and solar technologies, and how these may be 
adopted on a wider scale by a pluralistic society. However, the uncertainties 
in this study, although significant, remain comparable to those of most other 
analyses of future energy systems, whether at the local, state, or national 
level. 
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The purpose of this study is not to present an engineering analysis of a 
new energy system to be implemented in the next year. Rather it is to 
begin the process of exploring the potential for conservation and local 
renewable resource development in a specific community, with the social, 
institutional, and environmental factors in that community taken into 
account. 

This report has two sections. Section I is an executive summary of the 
full study. Section II is a detailed examination of the'potential for 
increased local energy self-sufficiency in Northampton, Massachusetts, 
including current and future demand estimates, the possible role of 
conservation and renewable resources, and a discussion of the economic and 
social implications of alternative energy systems. 

I 

Chapters 2, 3, and 4 (pp. 15-78) of Section II may be skipped by readers 
not interested in the particular energy demand profile of Northampton, 
although the methods used and the emphasis on end use may be of general 
1nten~~:;t. 

This report is preliminary. However, it indicates the range uf many of 
the social, institutional, economic, and technical factors that interact 
to influence energy policy choices. We publish it now in the hope that 
it will both broaden and improve the continuing debate on future energy 
systems.· 

Allan R. Huffman, 
Advanced Energy System 

Policy Division 

/),de-/~ 
Dick Holt 
Project Director 

(1) The National Energy Plan, Executive Office of the President, 
Energy Policy and Planning, April 1977 
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EXECUTIVE SUMMARY 

ENERGY SELF-SUFFICIENCY IN NORTHAMPTON, MASSACHUSETTS 

I. Introduction 

This paper evaluates the potential costs and benefits of a decision 

made by a small city to become self-sufficient in energy. We have made our 

question even more specific by focusing on one particular city: Northampton, 

Massachusetts, and·proposing a specific scenario for energy self-sufficiency. 

The work summarized here was performed by three undergraduate students 

. 1 
and a professor over a period of about 15 months. All of the students were 

seniors at Hampshire College, and their work was the core of their Division 

III (senior thesis) work in partial fulfillment of the requirements for 
' 

graduation. One of our purposes. in publishing this work is to encourage 

students and faculty at other colleges to adapt what we have done to communities 

in their own area. This can provide both a rigorous introduction to energy analysis 

for the students and a useful service to the community. 

There are several obvious limitations in choosing to base our study 

on a specific scenerio for a specific city~ Every city has its own unique set 

of supply and demand constraints, and strategies which might work well for 

Northampton could be impractical or even detrimental for other cities. Another 

problem is our rather arbitrary and limited definition of "'en~rgy self-

sufficiency" which accounts only for the energy used locally in the four 

standard sectors (residential, commercial, industrial, and transportation) and 

ignores energy required for intercity, interstate, and international transport 

of goods and people, and the substantial energy content of industrial and 

agricultural products imported into the city. A third problem is the es.sential 

arbitrariness inherent in allowing the political boundaries of a city to determine 

the size of a self-sufficient unit. There is no historical evidence that 

considerations of energy supply played any role in the original determination 



of Northampton's boundaries, so there is no reason to expect that these 

boundaries define in any rational sense an optimally sized self-sufficient 

region. Finally, by choosing to examine in detail only one of the vast 

number of possible ways in which the city might choose to increase its self-

sufficiency, we are in danger of giving the impression that there are only 

two alternatives open to the city: 'the status quo or our scenario. 

Granting all of these dangers and difficulties, we still would argue 

that a SJK~ci fie study can be a hi~hly useful and enlightening exercise not 

only for the city studied but for others as well. We believe that many of 

. the problems faced by Northampton are very similar in both scale and quality 

to those faced by other cities in its population range. For example, urban 

transportation, inefficient old buildings, and the heavy ·burden on the economy 

of imported energy are three problems shared by almost every city, especially 

in New EngLmd. 

The choice of a city as our unit as opposed to a county, state, or 

neighborhood was dictated only partically by convenience. The efforts now 

being made by Davis, California
2 

and Portland, ·Oregon
3 

show that a city does 

2 

have a signfic.i!nt amount of political and economic power to affect its energy 

future. The D.:-tvis experiment was one of tht~ factors which initially led us to. 

focus on the city as our unit. Another factor in our decision was the existence 

I+ 
of another study in energy self-sufficiency being done 011 a nearby rural county. 

Our choice of a small, mainly corranercial and residential ci_ty nicely complenH:~n ts 

this study. 

Our decision to limit our definition of "energy" to exGlude imported 

goods and non-local transport was dictated to a great extent by limitations on 

time and research capability, but also by our belief that primary energy 



production is separable from other kinds of production. It is important to 

emphasize that our interest in energy self-sufficiency is a practical one and 

does not derive from an ideological commitment to "total" self-sufficiency. 
\ 

We are not suggesting autarchy or a return to the romanticized ruggedly 

independent Yankee tradition. It is simply a fact that the vast majority of 

the energy used in Northampton is not used productively (in the economic sense), 

and that money which leaves the city's economy to pay for this non-productive 

energy is not available for productive uses within the city. On top of this 

there is the real and growing problem of the reliability of supply of primary 

energy. Cities (and counties) which are completely dependent on external sources 

of energy have begun to feel like Tom Lehrer's famous "Christian Scientist with 
5 

appendicitis." It now takes a much more conscious set of faith to plan 

confidently for the future. 

Th~ last problem mentioned above concerned our choice of a specific 

scenario rather than a more general overview of the various possibilities'. We 

recognize the limitations of this strategy, but on balance feel that the clarity 

and concreteness achieved by a single choice outweigh the comprehensiveness of a 

more general approach. We simply caution the reader to keep in mind that many 

other scenarios are possible, and that we are not asserting that the system we 

examine in this paper is in any sense the best, or cheapest, or most desirable. 

It is intended as an example to clarify discussions of options and to illustrate 

how any given option can be analyzed and compared with others. 

With all of these caveats recorded, the paper proceeds as follows: In 

Section II we summarize the present energy situation in Northampton and compare 

Northampton's energy economy with the rest of Massachusetts and the U.S. as 

a whole. Section III outlines the prospects for energy conservation in the 

city and recasts the energy use spectrum from the traditional four-sector 
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6 form to the "end-use" form advocated by many modern analysts. In Section IV 

we describe our alternative energy supply system and mention some efforts in 

this direction which have already been undertaken in Northampton. Section V 

presents an economic and social benefit-cost analysis of the alternative ·plan 

relative to the status quo, and in Section VI we present our 

conclusions and suggestions for future work. 

II. furrent.Energy Use in Northampton 

The first step in planning for· energy self-sufficiency is to deter~ine 

the quantities and types of energy currently in use in the city. In our case th.i.s 1.;as 

quite straightforward for electricity and .natural gas, since the respective 

utilities (Massachusetts Electric Co. and Bay State Gas Co.) were able to 

supply us with their sales figures for the year 1977 in Northampton. Thc.se 

figures were also broken down by sector (although the Gas Company combined 

commercial and industrial sectors) and in the case of electrical energy were 

also broken down by fuel source (oil, ·gas, .coal, nuclear, hydro). 

Oil supply was a bit more difficult to account for, since nnly about 

half of the oil used inNorthampton.is sold by local dealers. Interviews 

with ~11 local oil companies gave us a good estimate of consum~tion by 

·residential custome~s,but only a small portion of the oil used by commercial 

and industrial custqmers. Many of the larger oil users purchase .b~lk quantities 

of industrial grade fuel oil from out-of-city or out-of-state suppliers. 

However, we were ·able to identify these large users (mostly schools, colleges, 

and public buildings) and obta~n data on oil consumption directly from the . 
consumers themselves. 

A small but growing source of energy in Northampton is wood. Our 

data on wood usc came from a study dune at the University of .HassaclwseLts , 

Amherst in 
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1977. 7 

Gasoline and diesel fuel con~umption ~ere estimated using a figure 

for total vehicle miles traveled on the city streets supplied to us by the 

Lower Pioneer Valley Planning Autll(\rity and an average mileage rating for 

vehicles given us by the Massachusetts Energy Office in Boston. 

The following is a brief sunnnary of the curre11-t (1977) energy supply 

and demand situation in Northampton. The information is summarized in the 
... . . 

system diagram shown in F1gure 2 and in Table 1. 

General Data: Northampton is located in West-Central Massachusetts on the 

west bank of the Connecticut River(See Figure 1). ' It has an areA of 35 square mil0s 

(22,400 acres) and a population of 30,000 ,which has.·:.stayed very nearly constant 

since 1950. A typical heating season in Northampton wi.ll have 6600 dc•grce days~, 

. 0 8 
based on an indoor tcmpP.r:Iturc of 65 F. The terrain of the city is flat ne::~r 

the river but changes into forested hills·in the western half. Further to the 

west are the Berkshire mountains which tend to shield Northampton from the full force o 

prevailing westerly winds. 

Residential Sector: Northampton has 8900 residential units of which 4400· 

are single family homes and 4500 are in multi-unit structures. The housing 

stock is quite old, over 70% of the units having been built before 1940. 

There is one major post-World War II development of several hundred homes 

located in the southwest portion of the city. The total land area occupied 

by residences is about 2,000 acres, which is 27% of the developed.land area 

in the city but only 9% of the total area. It should be mentioned that roughly 

4000 of the population of Northampton are either college s.tude~ts or inmatt;!S 

of the several large state and federal special schools and hospitals located 

in the city. 
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Industrial Sector: Only 41 manufacturing firms are located within the city 

limits. TI1c two largest industrial firms are the Pro Brush Company which makes 

toothbrushes and other plastic products and the Kollmorgen Corporation which 

makes periscopes and other optical equipment. The total industrial workforce 

in the city is 2400 people, only 20% of the number of employed Northampton 

residents. The nine largest firms employ 2000 people or 85% of.i:hc total. 

None of the industries is particularly energy intensive, and no industrial 
. 0 

process heat is used at temperatures above 235 C. 

Commercial Sector: This is conveniently divided into two subsectors: 

public and private. The public sector consists of 32 establishments including 

Smith College which itself comprises 101 buildings. 9 Public buildings 

include schools, hospitals, and both city :md county office buildings. The 

private sector consists of 511 establishments including 296 retail stDres, 

26 wholesale estr~hli!=>hments, and 189 e:crvicc establishments {e.g., ltuLels, 

. . ) 10 f banks, law off1ces, etc. . Northampton serves as a commercial center or 

the many .small surrounding communities and has as one of its major ongoing 

concerns the maintenance and revitalization of its commercial economy. 

Transportation Sector: In 1977 there were 19,300 vehicles registered in 

Northampton of which about 90% were classified as passenger vehicles. Local 

vehicle travel amounted to some 430,000 vehicle miles per day or 1.57 .million 

per year. 11 Using an average mileage figure of 16.1 miles per gall~n12 we 

arriv~-at ~ti esiifuate of 9.8 milli6n gallon~ of gasoline and diesel fuel 

consumed per year. Diesel fuel forms such a small fraction of this that we 
• 

have simplified our tables by assuming that all the consumption is in the form 

of gasoline. Energy use in these sectors broken down by fuel type is listed 

in Table 1. Note that Table 1 lists delivered energy, not primary energy. 

The full numbers for primary energy use are determined by making allowances· 
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Table 1. Energy Consumption by Sector, Northampton, Nass • 1977 

. , 
Oil Electricity Gas Wood Gasoline Total 

' a NCFb Gallons Btu K\..rh Btu Btu Cords Btu Gal. Btu Btu 

106 1012 10
6 12 

10
6 1012 3 1012 10

6 1012 ' 
12 

10 10 10 

Residential· 9.0 1.26 56 .19 .30 .32 !+ .2 .07 1.84 

Industrial 0.9 0.12 32 .11 .06 .06 • 29 

·commercial 10.3 1.44 82 .28 .24 .25 1.97 

Transportation 9.8 1.21 1.21 

-
Total 20.2 2.82 170 .58 .60 .63 4.2 1.21 5.31 

a. Conversion losses not included.· 

b. 1 HCF = 103 cubic feet. 

'· 
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for conversion losses in producing electricity and are included in Figure 1. 

According to Mass. Electric Co. the electricity delivered to Northampton is 

produced 65% by oil, 17% by nuclear and 187, by hydro. We have assumed 67io 

conversion losses in the first two and no conversion loss in the last. For 

simplicity we have assumed no conversion losses in producing gasoline and 

heating oil from crude oil. TI~ expected ~rrors in our various estimates 

arc large enougll to make such r(~fi_nc:ments unnecessary. This does, however, 

lead to a systematic underestimate of primary energy consumption. 
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Several features of Table 1 and Figure 2 des~rve emph~sis. Certainly 

the most dramatic feature is the overwhelming dominance of oil on the.! supply' 

side. Oil accounts for 82% of the primary energy consumption of Northampton, 

and when it is noticed that 7fflo of this oil is imported from foreign countries 

we see that North~mpton, like most of New England, is an important contributor 

to the henvy reliance of our country on OPEC oil. 

On the demand side it is interesting to compare the sizes of the v~rious 

sectors with those of the state of HDssachusetts and the cPuntry as a \vholc. 

These comparisons are made in Table 2, which shows clearly the residentL.!l-

conunercial character of Northampton relative to the state and nation. 

Presumably the much larger tr<msportation sector for Hassachusetts is accounted 

for by intercity travel and shipping. The very large difference betHe8n the 

local Dn<l nation'-11 industr.i;d. seet·c:n:s :.Jttcsts to the relatively smnll amPtmt of 

energy - intensive industry in both Northampton and the entire state. 

\Vhat does al\ of this energy cost the people of Northampton? Since 

we used 197/ figures for energy consumption we have dcciJcd to usc 1<:177 pr.iccs • 
for energy in calculating energy costs, These are given in the second column 

of Tahlc 3. Needless to say these prices are quite a bit below current values, 

hut '"e will save the question of inflation of energy costs until Section V when 

we compare the two scenarios for future energy use. 

The total amount spent on energy in Northampton in 1977 \vas $25.8 

million, or $663 per capita. We have estimated that 12% of this money or $3.1H 

is respent by the various energy suppliers in Northampton in the form of wages, .. 



Table 2 

\.. 

Comparison of tonsumption by sector in Northampton, 
Ma~sa~husetts and the U.S .. 

12 

a) Data from Energy_ in Massachusetts, Mass. Energy Office, Boston, Mass • 1978. 

b) Data from Statistical Yearbook of the USA (1978), Table No. 1006, p. 607. 

( 



Source 

Oil 

Gas 

Electricity· 
Residential 

Commercial-
industrial 

Hood 

Gasoline 

TOTAL 

Table 3 

Units 

Breakdm-m of Energy Expenditures 
in Northampton, Mass. 1977 

Price per 
Consumed unit 

6 
20xl0 gal $ .48/gal 

.6xl0 
6 

MCF $3.90/MCF 

56xl0 
6 

kwh $' .045/kwh 

114xl06 1<:\vh $ .040/kwh 

4.2xl0 3 cords $50/cord 

6 
.67/gal 9.8xl0 gal $ 

13 

Total Spent 6 
on Source ($10 ) 

9.6 

2.3 

2.5 

4.n 

.2 

6.6 

$25.8M 
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14 ----~ 
taxes and local purchases of goods and services.. Unfortunately, the 

much larger fraction of 88/., or $22.7M leaves the city immediately and does 

not contribute to the local economy. The magnitude of this loss to the city 

cnn be appreciated when it is·noticed that $22.7 million is greater than the 

total payroll of the city's 7 largest industries. There can be little doubt 

' 
that a system \vhich kept a greater fraction of this money within the city's 

economy \Wuld be highly beneficial and would reduce the his tor ic.:tlly relentless 

pressures for commercial and industrial development. A self-sufficient energy 
/ 

system woulu, in fact, become a major local industry. 



III .. Conservntion and End Usc Efficiency 

A transition to a self-sufficient energy system will require a 

considerable capital investment, so it is extremely important to determine 

first just how much energy is actually necessary. It is now a commonplace 

fnct that a substantial fraction of the primary energy consumed in this 

country is· wasted either because of thermodynamic laws or poor design and 
. . 

construction. He have estimated the difference between primary and end-use 

' .. 
consumption for Northampton and find that dramatic improvements in efficiency 

I . . 

are possible if some straightforward conservation strategies are implemented, 

15 

and if the energy sources are better m3tchcd themodynamically to the end uses. 

Our estimate o( end usc demand was arrived at by mnking a fe\._r very 

simple and conservative assumptions. we assumed that electricity is 100% 

efficient at the point of end usc, but only 33% efficient with respt'ct to 

primary energy. The burning of oil or nat:ural.g;:~s fr.'r space or wate1.: li~:ating 

or steam production was ~ssumed to be 70% efficient. The burning of gasoline 

in internal combustion engines was assumed to be 20% efficient in producing 

13 
useful work from primary fuel. 

12 
the 6.27xl0 Btu/yr consumed in 

Using these efficiencies we find that of 
1 •; 

primary energy only 3.33xl0 ·· Btu/yr or 53'7o 

perform useful "work" at the point of end use. 

It should be emphasized that our definition of end use energy for 

the transportation sector is highly arbitrary. In fact, it is not at all clear 

how one docs define end usc in this sector~ since the task \vhich the transporta-

tion system is intended to perform is very p6orly defined. If we set aside 

transportation and compare primary and end use co~sumption in the other three 

sectors we find a primary consumption of 5.06xl012 Btu/yr and an end usc of 

3.09 Btu/yr giving an efficiency of 617H This still ·leaves n considerable 
\ 
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margin for improvement. 

As soon as one begins to think in terms of end use the division 

into four sectors used in Section 2 becomes much less convenient. The 

system is clarified by expressing energy use in terms of an end-use ·spectrum. 

This spectrum for Northampton is shown in Table 4. I 

With the end use demand clearly delineated it is now easier to sec 

where conservation ef-forts are most .likely to be effective. By far the 

greatest potential for savings is in the space and water heating sector which 

accounts for 73% of end use energy consumption in Northampton. 

The Hampshire Co11nty Energy Conservation Analysis Project (ECAP) ha.! 

audited 104 homes in Northampton and found a conservation potential of 44%. 

Because the initiative for the audits had to come from the homeowner or renter 

the ECAP audits tended to be focused on middle or upper middle income homes. 

we feel that this gives us some reason ~o believe that this figure is con-

servativc. M;1ny of the homes in Nortlwmpton are very old and have both sub-

standard insulati~'n and inefficient and poorly maintained heating systems. 

Of course even greater savings are possible if houses are rebuilt or extE:>nsively 

remodeled to take advantage of passive solar he?~ing. We have decided not to 

put much rr1i.::mce on this str.Jtcgy,since many of the old houses of Nort!tamptvn 

h:.we a great historical value, and much of the city's attractiveness derives from 

these old homes. Eventually, however, they will be rep laced, and some ne\v con-

struLtion will also occur. Clearly the maximal use of passive solar design s~Juld 

be undertaken in any new construction. 

Potential energy savings in conunercial establishments have been analyzed 

. 14 
~n a recent report by the Hassachusetts Energy Office. This report estimates 

a potential for 30-50% conservation in typical retail stores while 



Table 4 

End Use Energy Sp~ctrum for Northampton, Mass. 1977 

End Use 
Category 

Space and t.Jat~r 
Heating 

Cooking, Laundry, ·& 
Miscellaneous Heating 

Industrial Process 
Heat and Steam 

Transportation 

Lighting, Appliances, 

0 
Temperature( C) 

~ ... 85° 

85°-100° 

100°-235° 

NA 

Machinery, Air Conditioning 

Primary 
Consumption(l012Btu) 

' 

3.49 

.18 

.07 

1.21 

!..43 

End 
12 

· 
Use(lO Btu) Efficiency 

2.40 69% 

.10 56% 

o~ . -· 70% 

.24 20% 

.54 38% 

L68 

.07 

.05 

.1 - .25b 

.38 

6.4 3.3 ·I· 52/, ·2.28-2.43 

n 
a. This total differs slightly fiom that in Figur~ 2 because of round-off errors in changing categories. 

b. Transportatidh end use depends strongly on the kind of transportation system chosen by the city. 
See Section VI. 

I I . I I 

'i ' I : 
I 

I I •' 
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anut.l1<:r study suggests. compar.:~ble conservat i(;.n plJtential in public and 

municipal buildings.lS 

Finally om· O\v'l1 on-site sur.veys of the nine largest industries in North~1mpton 

convinced us that substantL:tl savings <lre possible in this sector \vith a moderatL~ 

investment of c.:~pital. He cannot make a reliable quantitative estimate uf the 
. . 

conservation potential,since detailed economic data are not available, but we 
\ 

believe th~y would be at least co~parable to those in the commercial sector. 

For our projection of conservation potcnti.ill and future end use dl!rnand 

w~ have settled on a 30"/o reduction in end ust! demand. \ve feel that this can be 

easily achieved with a reasonable investment of capital and still allow for a 

small amount of economic growth. We do not envision any substantial population 

growth or a great deal of ne\v industry in Northampton's future. If industrial 

growth does occur, it is highly unlikely that it will be the sort of industry 

that requires large amounts of energy. He do foresee some commerical growth 

in the retail and service sectors, but a vigorous conservation program in these 

sectors W<'ulJ ~;till allm.J a :;ubstanti.al reduction in overall energy demand. 

A!}'lin tr~1nsportation poses a difficult problem in definition. In 

this sector it is much more difficult to separate "technical fixes" from "lifestyle 

changes", and we are also much more severely constrained by our insistence ~m 

self-sufficiency for the energy used in local transportation. This requirement 

rules out such palliatives as more efficient autos or gasohol and requires a 

shift to electrically powered transport. ThiR in turn mandates a dramatic 

reductton in the usc of personal vehicles for local travel and "a much heavier 
r 

reliance on public transportation. We will follow up on this in the next section. 
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If He assume 30% reductions in low temperature heat demands and a similar 

reduction in electricity usage for everything except transportation we get the 

projected end use demand figures in the last column of Table 4. 

IV. A Selt Sufficiency Scenario 

The requirement of local self-sufficiency places very strong constraints 

on the kind of energy system Nort~ampton could develop. The only local resource . 
which might be tapped for large amounts of energy quickly is the 12,000 acres 

of woodlands within the city limits. A full harvesting of these woodlands could 

. 12 16 
yield about 170,000 cords of wood and roughly 3.43xl0 Btu of energy, less 

than two years supply at our projected consumption rate. Clearly such a policy 

would m;Ikc no sense, although it is comforting to h<lVC this standing biomass as 

a reserve against unforeseen diffi.culties. For the long term there is no 

~lternative to developing local renewable rcsou~ces. 

The available renewable resources are conservation, sun, tvind, hydro-

power, solid wastes, organic wastes, and biomass. Three of these (conservation, 

biomass and sewage) are already being used on a small scale to save and produce 

energy in the city, and proposals for using ·two othr:rs (hydropower and solid wastes) 

are under study. Some small solar energy facilities have been installed on private 

and public buildings, mostly for hot water heating, although om~ sma 11 industr L•l 

plant in the city relies almost entirely on solar heating. \.Je are not aware 

of any appreciable usc of wind energy inside the city limits. We have already 

discu~ed the potential' for conservation in the city, and we nQw discuss briefly 

the other potential sources. 
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1. Wind. Northampton is located in the Connecticut Valley down Hind of thL~ 

eastern slopeH of the Berkshire Mountains. This location makes it rather poorly 

suited for any major use of wind energy. Average wind velocities in the area 

tend to cluster around 8 or 9 mph, well below the 11-13 mph which might make 

·wind generation f~asible. There may be some locations in the hills 

which give better·average winds, but these would at best provide only small 

amounts of power, possi~,ly tq homes which are too far from the utility lines 

to make connection economical. 

2. Organic Wastes. The Northampton Sewage Treatment Pl.:mt currently 

operRt~s two digesters for the production of biogas. The digesters produce 

enough heflt to run themselves and to heat several new buildings .1'L1nncd for tlw 

f<1cility. Current annual production from the two digesters equals 12000 NCF 

12 17 
of gas with a total energy content of .07xl0 Btu. However, this represents 

well under half of the available sewage, the rest of which is disposed of directly 

into the Connecticut River. In addition to municipal sewage the 3300 acres 

of tilled agricultural land in Northampton produce a substantial amount of 

agricultural wastes, some of which could add to the production of biogas. Our 

conservative estimate for the potential primary energy content of biogas is 

12 
O.lSxlO Btu/yr. This is best suited for use in the "cooking, laundry, and 

miscellaneous heating" category. 

3. Biomass. As previously mentioned Northampton's boundaries include 12,000 

'acres of presently unmanaged forest land. Some of this is owned by the _city, 
J 

but much of it is owned privately. A survey referred to earlier suggests that 

a sustained yield of .S-.7 cords of wood per acre could be harvested for usc 

18 • 
without any net loss of standing crop. This would provide a renewable resource 
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of between 6000 and 8400 cords of wood per year,which at a primary energy 

7 12 12 
content of l.SxlO Btu/cord would provide between .09xlq and .13xl0 Btu/yr. 

\.Je suggest that this be used mostly as a back-up heating source for those homes 

and buildings which are not connected to the district heating system and there~ore 

must rely on on-site solar heating. Any left over wood can either be stored as 

a reserve or burned in the solid waste plant described below. 

We are not suggesting th9 usc of any currently developed agricultural 

land for the growing of energy crops. Just as we have become conscious in New 

England of the extent to which we rely on imported energy, \ve arc becoming 

more conscious of our heavy reliance on imported food. We feel it would be an 

error to convert land suitable for the raising of food to energy production. 

we do, however, urge that the energy potential in agricultural '"astes be utilized 

to the fullest extent possible. 

4. Hydropower. The Mill River crosses the northern boundary of the 

city at an altitude of 370 feet above sea level and drops about 240 feet before 

it reaches the level floodplain of the Connecticut. The yearly average discharge 

of the Mill River is about 90 cubic feet per second. The total power in this 

much water falling 240 feet is 1.83~M, Although the L1evitable losses reduce 

the :~ctual.'potential to just under 1 MW. There are six dams on the river wh.ich 

are not now in use for generating electricity, but which could be equipped with 

small turbines. 

A local engineering firm, Curran Associates, has looked into the 
1 9 

·economik prospects of renovating these dams and installing generation equipment. 

They have concluded that the project is not_economically viable considered on its 

• 
own in competition with existing and projected external sources of electricity. 
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The project would be economical only if significant grants could be obtained 

from the Federal or State governments. However, the integration of Hill Riv~r 

hydropo,.,er into a more general system of local energy generation, and the long 
I ' 

term benefits of reliability of supply were not considered in the Curran study. 

These may or may not tip the balance,in favor of development 0f the project. 

5. Solid Waste. Northampton generates 90 tons of solid wastes per day, 

. . 20 
about 6 pounds per capJ.ta.. This waste is currently buried in a landfill, 

.. 
but this practice is rapidly bccon;ing unfensible as good Lmdfill sites an~ 

consumed at an ever increasing rate. Recently a proposal to build a solid waste 

burning plant: has been made by the engineering st:1:U at. Cooley-Dickinson Hospital 

21 in Northampton. The plant would produce electricity and steam ~or the hospital 

and cogenerate steam for space heating in the near.by Smith Voc~tional School 

and North~mpton High School. Based on a comparison with a similar proposril 
22 

for Rockingham County, New Hampshire, we conclude that 90 tons of solid waste 

per day ·could provide 2.4 M.~ of .electricity and a roughly equivalent amount of 

energy in the form of steam. \~hethcr or not the hospital is the best place for 

such a plant would dep::nd on a morl:! l:uli'lprehensive analysi~ ,,f th1~ (~ntirc energy 

system for the city. 

6. Solar Energy. It is evident from the prece~ing paragraphs that 

none of. the sources mentioned can provide more than a small fraction of the 

city's energy needs. The only remaining local and renewable resource is the sun. 

That there is a mor;e than ample supply available can be seen by noting that an 

average of 150 watts of solar energy is incident on every square meter of 
-· 23 12 

Northampton .giving a total energy·input of 407xl0 Btu/yr.or about 65 times 

~. 
the total current primary energy use. 
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The question then reduces to h0\-.7 to utilize the available solar 

energy in the most practical and efficient way. This iR essentially a question 

of scale on a spectrum which run!:i from a single large solar electricity and 

heating facility Rerving the entire city tn a multiplid.ty of small, on-sitt~ 

units scaled to tl~ needs of individual buildings or consumers. 

we have no definitive answcrs.to this question but have chosen to 
I 

explore a system which is interme4iate between the two extremes and which seems 

to be well adapted to the geographic anu demographic layout of the city. /\s we 

have noted in Section I the grea~ m.1jority of the population and virtually all 

of the economic activity are concentrated on a small fraction of the land area 

within the city limits. This suggests to us that the best solar energy system for 

the city would be one which utilizes portions of the currently unused l~nd fur the 

necessary collection and storage area 8nd distributes low temperature heat through 

a district heating system which services all but the 27o or so of buildings which 

arc well separated from the developed areas of the city. A promising n~w technology wl1ic 

seems part:Lcularly well suited to this purpose is the soL:.tr pond. 

Solar ponds have been explored in practice and in theory most extensively 

. 24 25 by Rabl and Nielsen · and Tabor. There are many possible designs, and we have 

again had to be rather arbitrary in selecting one particular configuration for our 

scenario. A detailed comparison of alternative designs would toke us too far from 

the main purpose of this paper. 

We use a design proposed by Rabl and Nielsen in which a lower layer of 

fresh water is insulated from the atmosphere by a layer of watey in which an inverted 

salt gradient is maintained 26 (See Figure 3). The two layers are separated by 

a transparent barrier made of a material which has enough 
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Figure 3 

Schematic of solar pond design (not to scale). 
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strength to support the extra weight of the salt on top of it. The salt gradient 

in the insulating L.1yer is main·tained by a system of pipes which circulates 

concentrated brine to the bottom and fresh \,•ater to the top. The fresh water in 

the convection layer is kept at a temperature of 60°C-80°C and is pumped through 
r 

the district heating system to homes and other buildings where heat exchangers 

extract the heat for space heating and domestic hot water • 
. 

The total area which must be devoted to ponds is determined by the 

solar input, the thickness of the ins1..1iating layer, various heat loss mechanisms 

and low temperature heat. demand. The depth of the pond de-termines the therma 1 

mass of the water and therefore controls the amplitude of the yearly temperature 

fluctuations. Our ~alculations based on a computerized model of a solar pond 

shmv that all low temperature heating needs could be supplied to Northampton 

with 41-+5 acres. (180 ha m ?}·of ponds having a total depth of 8.2 meters consistin13 

of .'l 2.2m insulating layer on top of a 6-.0rn convection layer. 27 The average 

temperature of the circulating water would b~· 69°c' (156°F), nod it \vould reach a 

maximum ~f 80°C .in September and a minimum of 59'C in March. The ponds should be 

designed so that they are still capable _of producing domestic hot water at 52°C 

(125°F) when the ponds are at their lowest temperature. 

It is also possible to. produce electrici~y ·from the solar ponds by •.. 

taking advantage of the temperature difference between the hot water pumped out 

of the ponds'and the cool water being returned from the district heating system. 

A Rankine cycle. turbine or expansion engine using freon as a working fluid can 
~ 28 

be op~ra~ed betw<:;~~ these two temperatures at abo.tit 70% of its Carnot efficiency~ 

Waste heat from the Rarildne engine is dumped to the return \.Ja ter and therefore 

put back into the ponds. Incidcnta~ly, the electrical energy needed to run the 



district heating pumps will add less than.300 kw to the total demand of 

29 
the city. 

26 

The availability of cooling water limits the production of electricity 

by this process, so the output of.the generators will be proportional to the 

heating load. Extra area will have to be added to the ponds to provide for the~ 

extra energy taken off as electricity and'non-recoverable waste l1cat. Our 

estimates are that adding 20ha (Sq_ acres) to the ponds will providl~ an annual 
• 

average electrical output of 1.15MW with a winter peak of 2.3 l'R.J.
30 

When this 

is added to the electricity produced by hydropower and solid wastes we get an 

average output of 4.5 M\•1. It is cleilr th.3t other sources of elt!ctric.:lly mu!;L bl! 

created if the projected demand of 15-20 t-1\.J is to be achieved. 

There would seem to be little alternative to the use of photLwolt.:~ic 

systems for this added capacity. Large banks of photovoltaic cells could be 

built in conjunction with the 1>olar ponds using the pond water for cooling in a 

variant of cogeneration. However, the production of more than 10 megawatts of 

power from photovolt.:tics iu Massachusetts is at present a highly dubious prospect. 

Tile abundant biomass, hydropower and wind resources of the larger region 

encompassed by Hampshire and Franklin Counties would almost certainly be seen 

as far more practical for Northampton, at least for. the foreseeable future. 

The new system is sunnnarized in Figure 4. The only aspect of this 

system which still reqt;ires some discussion is the transportation sector. Our 

12 
estimate o~ 0.20xl0 Btu/yr end use demand for this sector is based on the 

proposJ'!d creation of a public tra~sit system which would replace at le,\St 757o of th·2 

local traffic. He have estillk1ted that an electrified system 

which ran 6000 vehicle-miles per df!Y would 

·'I 
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Proposed self-sufficient energy system for Northampton 
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provide more than adequate service at an. energy consumption rate of 3MW 
12 

or 0.09xl0 Btu/yr. 
. . 12 

The balance of O.llxlO Btu/yr of transportation end 

use is allotted to commercial and industrial vehicles and some relatively low 

level of private vehicles use. All vehicles are assumed to be electric. r 

The requirement of all-electric vehicles in the transportation sector 

is another doubtful feature of our self-sufficiency scheme. Agnin it seems 

likely that the production of liquid fuels from agricultural and woodland 

sources in the sparsely populated surrounding counties would offer a more~ 

economical and convenient solution to the local transportation problem. Howev(;r, 

electric public tr<ms:lt: docs have advantages, and liquid fuels may be needed only 

for commercial and personal vehicles. 

V. Costs and Benfits 

A transition to a self-sufficient energy economy will be very expensive:. 

Howev,er, this must be put into perspective py keeping in mind that continuati•.m 

of the use of non-renewable, imported energy sources will also he very expensive, 

most probably much more expensive in the long -run. And it is in the long-run that 

the alternative plan \oJe are suggesting must be judged. \.J~ expect Nor ;:hampton will 

. continue to exist as a city for many years,and .1. coherent vision of the way the 
1

. 

city might -produce its energy 50 yea~s from now is not at all inappropriate. 

The costs and benefits of energy self-sufficiency are both tangible and 

intangible·:cconomic, environmental, social and political. Among the local benefits 

will be increased reliability of energy ,supplies, more local contr,ol over supply 

and ·di~tribution, inore money circulating in the local economy, -:possibly an enhanced 

sense of community cohesion and political participa~.ion, and most. likely a lower 

overall c"ost for energy. B~nefits to the larger economy will include a reduction 

in·impqrted oil and n reduced 
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pressure on the environment. Among the costs arc a massive capital investment 

for which the payback period may be as long as 20 years, some loss of personal 

choice in the possible forms of local transportation, and the dedication of a 

substantial amount of land to the collection and storage of energy,making it 

unavailable for commercial, residential or industrial development. There will 

be political costs as well, since companies which now benefit from sales of energy 

in Northampton will either be displaced by a city energy authority or other 

companies, or will be forced to s~ift into other lines of business. Generally, 

such changes create political tensions, and a commitment to energy self-sufficiency 

will necessitate a parallel commitment tp resolving these tensions. 

As usu3l it is easiest to calculate and compare the strictly economic 

costs and benefits, altl1ough i~ this case there are great uncertainties in these 

calculations as well. w~ urge the reader to keep in mind the very tentative 

nature of the estimates which follow and to remember that the economic costs and 

benefits are no more important in principle than the political, social and 

environmP.ntal costs and benefits. They are simply easier to tabulate, while the 

others must be debated as part of the political process. 

In our simplified cost-benefit C;Jlculation the benefits arc the monies 

not spent on conventional imported em'rgy sources less the operation and maintenance 

costs of the alternative system. He discount future benefits with two discount 

rates: an 8/o rate reflecting the ability of the ,city to borrow money by issuing 

tax free municipal bonds and an 12% rate reflecting the opportunities for alternative 

uses of capital by private investors. It is worth noting that the U.S. Office of 

Nanage~ent and Budget recommends a discount rate of 10'1o. 
31 

:r'hfs figure was used 

by the Office of Technology Assessment in its projections of future solar energy 

1
. . 32 app 1c.:1t1ons. The problem of inflation both in the general price level and for 

conventional fuels has been dealt with by perform~ng the calculations for a nu'mber 
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of different nssumcd general inflation rates and differential rates for energy 

prices. The.inflation rates chosen are 4%, 6.5% and 8% and thc.diffcrential rates 

for energy 0%, 2 .5'/., and S'}'o. 

Operation and maintenance costs have been estimated for the entire 

alternative systcm·at $5.5 million per year. The detailed assumptions whiclt 
33 

underlie this estimate arc. given elsewhere. We must also consider the taxes 

currently paid by energy suppliers to. the city of Northampton. These amount to 

$500,000 per year and would be lost if the energy system were financed and owned 

by the city (our 8% discount rate scenario). Therefore, we have added this extra 

annual cost to the 8% scenario·but left it out of the 12% scenario. 

The numbers in Tables Sa and Sb are the net present benefits in millions 

of dollars expected from the alternative energy system. These numbers can be 

compared directly with the total capital cost of the new system, and if the costs 

of the new system are less than the expected benefits the investment is justified, 

at least on gross economic criteria. This direct comparison assum~s that the new 

system will be financed and built all in one step, and considering the amount of 

capital required and the social and economic adjustments which will have to occur, 

this assumption is not at all realistic. Stretching the financing and construction 

out in time raises the total capital costs because of inflation, but also introduces 

the ~ossibility of financing later construction with revenues earned on earlier 

systems. An accurate analysis of the economics of such a scenario would require a 

much more elaborate calculation than we have been able to attempt at this stage of 

our work. 

We have made an attempt·to get a rough esti~~te of·the total capital costs 

of our system. We have used the estimates of Cur.ran Associates for t~e Mill River 

Hydro Project, Cooley Dickinson Hospital for the solid·waste plant, and the city 

sewage disposal plant for additional biogas digesters. We have made our own rough 

estimates of·the cost of retrofitting buildings, a public transportation system 
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Table 5a 

Inflation 
Rate 

.·:z 

4.0% 

6.5% 

8 .Oio· 

Net Present Benefits of Self-Sufficient Energy 
System assuming a 12% discount rate (private 
financing) and a 25 year system lifetjme. 
Numbers are in millions of 1978 dollars. 

Fuel Differential Rat~ 

0% 2 .5'% 5.0%. 

223 297 402 

281 386 533 

327 455 637 
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Table 5b 

Tn fl;'l t ion \ 

Rate \ 

4. rtlo 

6'.57. 

8. 01. 

Net Present Benefits of Self-Sufficien;. Energy' 
System assuming an 8% discount rate (public 
financing) and a 25 year system lifetime. 
Numbers arc in millions of 1978 dollars. 

0'%. 2.5% 5 • O'lo 

314 445 633 

415 603 877 

495 730 1075 

32 
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<md on-site solm: C<]ui.pmcnt <md have based o11r estimntc of photovolt.:li.c system 

costs on projections made by the .t\mcricnn Physical Society in its recent study nf 

34 
photovoltaic prosp_ccts. Fin3lly, our estimates of solar pond and district heating 

costs are based on a detailed plan for such a ·system which is described elscwherc. 35 

The result is a total capital cost of $260 million which is only slightly 

greater than the_ net present bene fits cxpec ted from our most 

conservative SL:Cnario; i.e., 4% inflation, no differential rise in energy pr icc:; 

and a 12% discount rate. This suggests to us that the economic prospects of a 

self-sufficient system are very promising and deserve to be explored in a more 

detailed manner. 

It is important to mencion two aspects of the economic benefits from a 

self-sufficient system which have not been included in the above analy!:>i.s, but 

which contribute substan-tially to the attractiveness of the system. These arc 

tho .cmh.:mccd reliability of cncq;;y SU!J!JlY and the multiplier effect operating on 

money spent locally for locally produced energy. Reliability of supply leads to 

more certainty in planning and a more st::tble business climate, and the multiplier 

effect crentes extra income from money which now leaves the city's economy. It 

is not C!asy to quantify either of these effects, but one economist has suggested 

36 
tlwt a multiplier of <lbout 1.6 is n·asonable for a city the size of Northampton. 

Finally, we may add to these effects the considerable increase in the 

number of local jobs, especially during the con~.:truction of tilL~ nc\v system. Currently 

37 
the .;ncrgy supply sector of Northampton's economy employs about 170 people. Our 

alternative system could increase this to perhaps 290 permanent jobs, a 7CJ'Io increase. 

Except for the constr-uction phase the energy supply sector will never be a major 

source of direct employment, but the stimulating effect of money recirculated 

within the local economy can create jobs in other economic sectors. 
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VI. Obstacles and Possibilities 

We have ~hown that it is technically feasible and possibly 

even economically sensible for a city like Northampton to develop a 

self-sufficient energy system. r It remains to nsk vhether such a scheme 

makes political. sense both in the local context and in its imp!ications 

for Northampton's relationsips with the county, state and nation in which 

it is located. There is ~lso the problem of capital formation, probably 

the single most discouraging obs.tacle in the path of any community seeking 

greater self~sufficiency. 

the problems of politics and capital tormation are. deeply 

intertwined. It is no secret that a move towarJ self-sufficiency by cities 

like Northampton would be seen as highly threat~ni.ng to the utiliti~s \vhich 

now supply energy to l:itc city. If the idea caught on the entire structurr 

of highly centralized and \videly integrated energy ne.tworks which has grO\m 

up over the pi!St 30 years \vould be severely undermined. Utilities and major 

energy companies wield substantial economic and political power and are 

unlikely to sit quietly while their economic base is systematically erudcd. 

At the same time these utilities and energy comp<mies could be • 

excellent sources of capital for the transformation if they could be induced 

to invest in the new energy system or help finance it by loans. The idea 

of utilities and energy companies expanding into the financing of conservati0n 

and alternative energy development is not a new one, but it has not so far bean 

enthusiastically embraced by major energy suppliers. On the other hand, many 

• 
local oil companies are beginning to branch out into conservation and alternative 

energy as conservation has begun to reduce their oil sales. 
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This is useful and should be encouraged, but changes on this level could not 

provide capital in the quantities needed to make r'apid progress toward 

community self-sufficiency. The real question is whether' major cor.porations 

can be induced to participate in their own gradual dismembermt~nt, or at least. 

radical transformation. It takes a certain "willing suspension of disbelief" 

to gencrnte any optimism on this question. 

There are, of course, other ways to raise capital. If we stay within 

the city, we have the possibiliti<fs ot bond issues, increased taxes,or the tormation 

of a cc.mununity energy corporation. If we go outside the city, there are the 

po::;::;ibilities of Stnte or Fed~~ral grants or loans or the( remote) possibility of 

induc:i.ng a major C'Orporation to develop a loc:1l energy system as a profit making 

venture. Again the method of financing has political implications in terms of 

the degree to which the local energy system will be locally controlled. If gl'nuinr.~ 

local control is a major priority, then mos~ of the capital will have to be 

rai::;ed locally, and this guarantees that the transition will have to take ptact~ 

over a long period of time as revenues from early projects accumulate in sufficient 

quantities to finance later ones. 

Our interviews with local bankers and savings and loan officers showed 

that there is a relatively high level of energy awareness among them as well as 

a sense of responsibility toward the local·community. Several of them assured us 

that their organizations would be willing to invest in locnl energy developments 

provided that these satisfied their usual criteria for financial soundness and 

competent management. 

The transition to self~sufficiency is then best seen·as a long term effort 

in which the most clearly profitable steps are taken first and used to generate 

income for later steps. If we examine the system ~utlined in Section V in this light, 

·a reasonably clear order of priorities emerges. 
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1. Conservation: As the price of heating oil rises past 90c per 

gallon the economic benefits of major conservation efforts arc becoming obvious 

to a grm,;ri.ng number of people. Adding insulation to houses, businesses, public 

buildings and industries, setting back thermostats, remod?lihg to take advantage 

of passive solar heating, installing mnre efficicnl heating systems, and other 

measures arc already being und?rtaken by individuals and firms. The payback 

periods on mimy such measures arc extremely short, <md generally capital can be 

raised fairly easily in the form of home improvement loans, business loans, etc. 

Thl' one se.ctor L)f the economy \\lhich needs help in this arc;J are the' lm,;r income 

groups .1nd renters. Subsidies or low interest loans can be made to .low income 

people, and city ordinances can be enacted to discourage landlords and businesses 

from simply pas~;ing on higher (!!H~rgy costs to their tenants and customL~r s. 

Just how this conservation can be utilized to raise capital for further 

energy development is problematic. The most obvious measure would be an energy 

tax which \·JOuld siphon off some of the savings made by individual consumers. 

But such a tax is bound to be politically unpopular and would require considerable 

efforts at education and persuasion on the part of community leaders. It would also 

have to be associated with a system of rebates or exemptions for low income people 

to spread the burden more equitably. None of this is impossible, but it would 

certainly be di{ficult. 

2. Solid waste utilization: The studics'which have already been done 

on the proposed Cooley Dickinson solid waste plant have been quite encouraging. 

In add,;i.tion the rapid depletion of available landfill sites ma~es the development 
l 

of some alternative disposal system imperative in the nc.:1r future. All that is 

needed is capital to finance construction, and this could come in any of several 

forms. This can also provide the necessary ini.tinl local experience with district 

heating technology. 
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3. Forest man:~gemcnt. The systematic harvesting and s.1lc of wood 

could provide an innnediate and useful contribution to the city's current energy 

supply. This could be done either by the city through a contract arrangement 

with a private company or entirely by private enterprise. However, cooperation would 

have to be obtained from local owners of woodlots, and historically New Englanders 

have been wary of public control of their private woodlands. In conjunction with 

this program and the solid waste and biogas facilities, it would :1lso be important 

to institute ~ program for collecting the agricultural wastes generated within the 

city. 

4. Biogas; The untreated sewage which is now dumped into the Connecticut 

River can be tapped for the production of biogas. Efforts could then be made to 

supply this gas to consumers using the existing utility gas lines. This would 

require the coopt!ration of the local gas company, but such cooperative arrangcmt!nts 

are now being recognized as potentially advantageous to both parties: Whether or 

not the city would ultimately generate a sufficient supply of gas to become independent 

of the utility (thereby requiring that the city als~ acquire the distribution · 

network) would be a problem for the more distant future. 

5. Public transportation: The rapidly increasing price and decreasing 

supply of gasoline demands that efforts be made either to find substitutes for 

the private automobile or to find substitute fuels. For the near future the 

former tactic would seem to promise more immediate benefits, and it follo\vS that 

an improvement in public transportation service ought to be .:1 high prior.~ty. This 

may or may not be coupled with some restrictions on the use of private vehicles 

on the· city streets. 

Such measures will not be entirely palatable to local residents and 

business people especially given the latter group's running battle with the 
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out-of-town shopping malls. What political pressures do existin the city seem to be 

oriente?.toward mnking dr~ving and parking r>asier in the downtown area rather 

than more difficult. There is no easy solution to this problem, but it does 

seem that continued sh0rtages and price increases for gasoline are bound to 

make public transit and shopping "downtown" more attractive to a growing number 

of people. It would seem to be a propitious time for the city commercial interests 

to begin to plan innovative strat~gies to take advantage of these developments 

and woo customers away from the malls. 

An important question raised by the prospect of increased public 

transportation l.s wheth':!r l:r not it .should be electrified. Nany factors would 

contribute to making such a decision, but the contrl>lling factor in_ the early 

stages would seem to be the original capital cost of installing an ~lectrified 

systcnt. A much more~ detailed nn:1lysis of this qu(~stion than can bl.~ done here 

would be needed before any decision were made on this questiori. 

This initial gn~,,p of five programs all involve. well knm,rn and highly 

accessible technologies. They would make a significant contribution to the t!Hcrgy 

economy of the city at an initial cost which is not overly large and which promises 

relatively rapid payback. The group of five which follows Hre either less well 

developed or not clearly economically viable at this time. Development of these 

options would be undertaken slowly and '"a tchfully with every attempt being made to 

keep options open to take advantage of alternative strategies which may prove to 

be superior. 

6. Solar ponds: The many potential advantages of this technology strongly 

suggest that it be vigorously explored. This would best be done in the form of 

pilot projects, and Northampton would be as good a place as any to undertake one 

of thc·,;c projects. Funding would presumably be in the form of a federal research 
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and development grnnt. An interesting size to test would be a 15 acre pond 

capable of supplying low temperature heat to jbbut 300 home~ and apartmerits. 

If this project turned out ~uccessfully, then new ponds could be added as rapidly 

as capital availability and public acceptanc~ would permit. The question of 

ownership and management of the ponds and their associat\!d district heating network 

would be an important political issue which the corranunity would have to resolve 

early in the program. 

7. Local generation of electricity: At the present time only one 

of the methods of local electricity production we discussed in Section V is close 

to practicability. This is the solid waste burning projcc.t mentioned above in 

i tern 2. 1 t could generate Dbout 2.4 NW or about 12% of the: current average con-

sumption in Northampton. 

The next closest would be hydropmver development on the Nill River, but as 

we have seen this is pn.:sently' economically doubtful and would in any case make only 

a minor contribution to the city's electricity needs. 

The usc of Raukine cycle gener:ators in connection with solar ponds . 

depends on th!:! prior cst<:~blislmtent of the· feasibility of the ponds as low temperature 

he<:~t sources. lf they turn out to be well suited for this purpose then it should 

not be much of a problem to add the electrical gent~rating capacity later on. There 

is no question about the existence of appropriate equipment since suitable 

t 1 d 
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genera ors are a rea y 1n ex1stence. 

The use of photovoltaic cells for the large s.calc production of electricity 

must wa.;i.t upon subst::mtial reduction in costs •. Optimism seems to be growing that 

significant reductions c~n be achieved, but these will ~till"be some time in 

arriving even if the optimism is justified. 
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It seems likely to us th.:tt the question of whether. or not cities likl~ 

Northampton will be encouraged to generate their own electricity will be answered 

by economic and political factors well beyond the control of such small economic 

and political units. National policies on air and water pollution, nuclear safety 

and waste disposal, utility regulation, and many others will almost certainly, 

be the controlling factors in determining the options available to Northampton. 

There is little the city c;.m do at;·this point except to wnit to see what happens 

and to usc its experience Hith other forms of self-sufficiency to develop the 

technologicnl, institutionul, and economic base whic.h enulrl f::!eil:i.t:r~te the 

transition to locally generated electricity if it turned out to b~ warranted. 

This list of projects ranges ail the way from the irranediately practicable 

and essential to the speculative, ·hypothetical, and economically dubious. It 

does, however, form a coherent, internally consistent and technically feasible 

scenario which Northampton could follow if the people of the city were to decide 

that a conunitment to self-sufficiency was a wise strategy for dealing \vith the 

energy cri~;i.s. Put very simply the political problems are far more significant 

and difficult tll.-... n the tcchnic;1l problems. The m.:my potential benefits of 

the k1.nd oi self-sufficiency we have described in th:i.s scenario would seem at 

the very least to make worthwhile a lively and sustained corranunity discus.sion of 

this option in order to.get a better sense of the nature and magnitude of the 

political problems. 
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VII. Conclusion 

He no\v return to a question raised at the beginning of the paper: 

is Northampton a sensible choice as an energy self-sufficient unit? The data 

and arguments developed in this paper do not provide a definitive answer to 

this question, but they do suggest a number of ways in which the situation 

might be improved by c lwo sing a larger unit. For exampJ.e, if the boundaries 

of self-sufficiency Here stretched to include all of Hampshire County, then the 

wood resource would increase by a factor of 5 from about 0.2 to almost 1.0 c~rds 

per capita per year. Of course the full development of this resource would involve 

a considerably larger expense, since much of the county's forestland is relatively 

inaccessible, but there is little doubt that for the county as a whole, wood 

would play a larger role than for the city itself. 

Other resources which might prove more practical on a countywide scale 

arc wind, hydro and energy crops. In particular the added agricult\lral land 

might allow for some production of alcohol fuels, although the reduction of 

dependencc"on imported food should probably take precedence over energy production 

in claims on good farmland. 

These_advantages of county-wide self-sufficiency might be offset by the 

.problems 1)£ electricity distribution, public transportation and problems of 

politic.1l tension bet\>.•een city and county governments. However, the county does 

seem the next lo~ical unit to exnmine in exploring the possibilities for greater 

use of local, r~newablc energy sources. 

Another important argument against 'local self-sufficieflCY is often made 

by economists. It invokes the well known principle of "gains from trade" to argue 

that local self-sufficiency in energy production is inefficient when viewed from 
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a wider economic perspective. For example, if Northampton were sitting on 

top of a bauxite mine it would make sense to import energy and export aluminum. 

Unfortunately Northampton has no such advantage. The city has very 

little industry left and is almost entirely devoted to residential and commercial 

activities. Therefore, the vast majority of the energy used in Northampton 

is used for subsistence and not for production. This seems to us to invalidate 

the gains from trade argument. 

In the final analysis the decision on energy self-sufficiency will have 

to be made by the people of Northampton. Therefore the next stage of our work 

will be to bring the results of the analysis described in this paper to the 

attcnti.on.of t..he people and political leadership of the city. Obviously more 

work must be done before~ ;1 concrete plan is adopted, but the work we have done 

so far is sufficiently lnJicative of the range of choices to be made that it 

can serve as a basis for the extensive political discussion which must precede 

any c!"1ange of this ma'gnitude. Energy issues are of urgent concern to a growing 

number of people, and informed public debate of possible strategies for coping 

with the energy problem is essential. We believe that studies like this one 

can make a useful contribution to this debate. 
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Introduction 

Presently, 98% .of New England's energy resources come from 

outside the region and 80% of the region's total energy imports afe 
f 

derived from foreign sources. This heavy dependence on imported 

energy has spawned a variety of political and economic problems for 

New England, most severely experienced during and since the 1973 

oil embargo. In response to the energy crisis and its repercussions, 

New Englan~ers are educating themselves about energy conservation and 

appropriate technology. Individuals, neighborhoods, towns, and 

counties are considering how to supply their own energy needs and 

become more energy self-reliant. 

This study emphasizes energy policy on a local level by examining 

the prospects for energy self-sufficiency in Northampton, Massachusetts. 

The intent is to determine if this city of 30,000 people could supply 

all uf lt~ energy from renewable resources located within the city. 

Relatively small-scale, diversified and technically simple systems 

are proposed. An inventory of the energy resources which exist in 

Northampton is presented and possible incentives for their use are 

examined. The economic and political implications of a shift to 

alternative energy systems are addressed, and the potential role of 

groups within the community is discussed. 

In order to highlight the opportunities for energy self-reliance 

in Northampton, a boundary has been drawn in this study which cor-

responds to the city limits. A scenario for energy self-sufficiency 

in Northampton is described, but the alternative energy systems 
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presented are only one set of options which could be developed. This 

study has been considered a case study, designed to facilitate under­

standing of the general characteristics of energy use and supply in 

any community. 

The importance of a community-level energy strategy rests in the 

potential for participation on the part of local residents, business­

people and government officials. Consequently, this study has been 

written with the layperson in mind and we have been straightforward 

about the values and biases which underlie our work. An effort hag 

been made to present information in a format useful to anyone inter­

ested in exploring qucctions related to loc~l r~nil C'.ommunity partici­

pation in the production, distribution and financing of alternative 

energy systems. Since beginning research on this study, we have 

learned of other groups and communities engaged in similar work • 

. There are exciting projects being developed in areas such as 

public transportation, neighborhood energy audits, conservation, 

recycling, solar greenhouses, community gardens, and urban reconstruc­

tion using alternative energy. There is a great need for public 

funding to encourage such projects. 

It is only recently that the U.S. Department of Energy has starleu 

to fund couununi ty level energy studies. DOE is presently funding 

three related local energy studies: one in the rural area of Franklin 

County, Massachusetts; the second in a suburban community of Long 

Island; and the third in downtown Baltimore. These projects are de­

signed to examine the feasibility of alternative energy systems in. 

very different settings, as well as to gauge the economic impacts 
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of their development. Our research was also partially supported 

by DOE, and the Department has recently funded seventeen com­

munities across the country to undertake Comprehensive Community 

Energy Hanagement Programs. These studies will entail the exam­

ination of each communities' energy objectives, and will involve 

the determination and implementation of energy management and con­

servation actions for each community. 

This study is divided into three sections. The first chapter 

serves as a foundation for our project. It outlines the assumptions 

and social goals used in the study. Part·one, An Energy Profile, 

consists of Chapters Two, Three and Four. This section acquaints the 

reader with many aspects of Northampton. It examines the city's 

history, its past and present energy use, and concludes with an 

economic analysis of present energy expenditures in Northampton. 

Part Two, Determining Future Demand, consists of Chapters 

Five, Six and Seven. It is explained in this section that Northampton 

can greatly decrease its current energy use by using energy more 

carefully and efficiently. It is suggested that the city .could actually 

reduce its overall demand for energy without experiencing.economic 

or lifestyle sacrifices. 

Part Three, Northampton as an Energy Self-Sufficient Community, 

consists of Chapters Eight through Eleven. This section examines 

what natural, economic and political resources the city could utilize 

in becoming energy self-sufficient. Activities related to alternative 

energy '..rhich are presently going on in the city are described, and 
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possibilities for future action are suggested. Chapter Twelve 

concludes the study by placing the scenario developed ~or North­

ampton within a broader framework. Complex issues involved in the 

transition to energy self-sufficiency are discussed. 
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Chapter One 

The Politics of Energy Choices 

The energy system which has fueled this country's prosperity 

for the past two h~ndred years has been based on the availability 

of abundant and accessible fossil fuels. However, in the past 

several years, dwindling supplies of oil and natural gas, and the 

economic and technical instability of nuclear power have forced the 

United States to reassess its energy choices. The formulat-ion of 

energy policy is a particularly critical task for New England. A 

severe climate and lack of -indigenous fpssil fuel resources make the 

region heavily reliant on energy imported from other areas. As the 

cost of energy continues to rise, an increasing amount of money is 

drained from the New England economy, straining both its present 

and future viability. Therefore, it is vital that New England take 

part in the current debate about energy options, and attempt to 

develop a workable energy policy. 

Any nationa~ energy policy is likely to require a major social 

effort, and will have implications for the level and kinds of 

government intervention, for foreign policy, social equ~ty, environ­

mental protection, and employment patterns. So although the 

energy problem was once defined as one of maintaining adequate 

supplies, it has since been broadened to include a reevaluation of 

the entire technical and sociopolitical structure of the energy system. 

Questions have been raised concerning the control of energy systems, 
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with particular reference to the concentrations of political and 

economic power associated with the present system. A sustained 

discussion has focussed on what resources and energy systems should 

. be utilized. 

As the scope of the energy issue widens, there is a deepening 

awareness that choices about energy reflect social and political 

values. Decisions which are made about resource use, and the scale, 

complexity and ownership of energy systems embody social priorities. 

From this perspective, the energy situation becomes a problem 

which calls not just for technical expertise, but one which demands 

widespread and lively debate about fundamental social goals. It is 

only on the basis of articulated and generally shared social values 

that various energy schemes can be judged. 

This study designs an energy plan which is consistent with 

a specific social vision, one which is shared by the authors of this 

study. This vision includes the evolution of an economic and tech­

nological system which is environmentally sound, conduciv~ to 

democratic forms of government, and which guarantees access to the 

basic necessities of life to all people. These goals are shared by 

most other Americans, but it is not generally recognized that various 

technologies can either serve particular social ends or make them 

difficult, even impossible, to attain. Choosing among technologies 

is part of the p..trsuit of a social vision and must be done thoughtfully. 

At the same time, it is important to recognize that changes in the 

energy system are necessary, but are not alone sufficient to construct 

the society which is envisioned. 
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In this chapter we establish a set of criteria which are 

based on the social goals described above, and which we feel ought to 

guide the selection of energy systems proposed for Northampton. 

Potential energy systems, and the policies necessary to support them, 

are examined for their socioeconomic consequences, their effects on 

the political process, and their environmental impact. 

Whether explicitly or not, present energy systems embody socio-

political values through their impact on individuals, communities, 

and the environment. Aw11reness of the implicit values is important 

for an assessment of many current proposals. One energy strategy 

suggested in various industrial and governmental studies essentially 

advocates a continuation of existing policies. Energy consumptio~, 

according to these forecasts, is assumed to increase at historic 

(3.5% per year) or near-historic rates. The rapid development of 

coal resources, and the expansion of nuclear puwet· an!· t:!Xpl:!cted to 

substitute for depleting supplies of oil and natural gas. There is 

a growing literature pointing out the difficulties and dangers in 

1 
such a course. Many of the inadequacies result from an orientation 

to energy supply and demand which is based on circumstances now, or 

soon to be, obsolete. 

Conventional energy systems have been constructed in an 

econom:i.c system which treats' the environment as an assortment of 

"free goods". Any damage to the environment which occurs through 

production or consumption is born social1y, while the benefits (in · 

the form of profits or· goods) are experienced p"rivately. This· 

"oversight" of the market mechanism is the primary driving force 

behind policies which maximize the exploitation of nature. Use of the 
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high-impact technologies which characterize many production 

processes, together with a high level of consumption, and the 

amplifying effects of population growth, are 'combining to put 

pressure on the carrying capacity_ of the environment. This is most 

evident in the impending depletion of many natural resources, in-

eluding fossil fuels. Air and water pollution, and the rising 

health risks from toxic substances are also visible signs of over-

stress in the environment. 

An energy system based on coal and nuclear power would con-

tinue the trend of high-impact technology. There are serious 

environmental effects associated with the large-scale development 

of coal resources, including massive strip mining and water 

shortages in the West, and increased levels of carbon dioxide from 

2 
the burning of coal. Nuclear power plants,'in addition to 

discharging enormous quantities of waste heat into the atmosphere 

and.bodies of water, have the added risk of environmental disaster 

which could result from a major breakdown or sabotage. The choice 

of coal and uranium for our energy supply inevitably entails the 

· sacrifice of environmental standards as well as further erosion of 

environmental quality. 

The present energy system was built in an era of cheap fuel. 

Before the "energy crisis'~ of the early 1970's, the price of fuel 

had fallen relative to the price of labor and capital. Based on a 

concept of efficiency which includes maximizing output for the least 

cost of input, the energy system was centralized. Giant, high-

technology plants serving large regions were built for their economies 
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of scale in capital and labor. These centralized production 

facilities "utilize capital and labor efficiently at the expense of 

increased use of relatively cheap energy"~. The huge scale of 

energy plants, and the vast political and technical infrastructure 

they require, creates large transaction and distribution costs. With 

oil and natural gas, there are energy losses at the point of use 

which occur because of inefficient burners and poorly weatherized build-

ings. Substantial energy waste results from the unnecessary con-

version of fossil fuels to electricity for low temperature heating 

4 needs. What was once considered efficient in a very narrow economic 

sense during a period of diffuse environmental damage and low-cost 

energy must therefore now be reconsidered. 

The cost of replacement energy, that is, the cost of supplying 

an additional unit of energy, will continue to rise dramatically 

as less accessible resources are tapped. Any future energy system 

based on traditional resources will involve massive capital expenditures 

by the energy-producing sector. The size of coal and nuclear power 

plants, and the long lead times necessary for their construction, 

implies that a large amount of capital is going to be concentrated 

. in a few hands for a long time. However . in a period of economic pro-

blems, market mechanisms may not be able to allocate this capital. 

Such a situation could prompt the government to ensure the avail­

S ability of capital for the energy sector. (In fact, the nuclear 

industry has already benefited from government subsidies in the form 

of federal insurance, federally-financed research, and low cost uranium 

enrichment and waste storage arrangements.) Other sectors of the 

5 

. ' 



economy, particularly those which are unorganized and weaker in 

political and economic power than the nuclear lobby. (especially 

social and human services),, will lose out in the scramble f.or 
) 

societal resources. 

To choose an energy future based· on nuclear .power an~ coal 

is to choose to 'live with increasingly serious environmental effec~s 

and economic bottlenecks. The problems of such a strategy, include 

the inevitable weakening of environmental standards,. compulsory 

allocation of scarce resources-, the tendency toward self-aggrandize-

ment by the energy producers, .and the compromising of health and 

safety laws for coal miners and nuclear industry workers. The social 

effects of nuclear power may be even more disturbing.· ~he vu1-

nerability of nuclear power plants to technical failure;.:.or sabotage 

increases the need for elabar·ate security precautions, a,nd the 

long-term protection of radioactive wastes demands an unprecedented 

degree at social stability. As· the consequences .of a nuclear 

breakdown escalate, the exercise of civil liberties, .. dissent and 

non-conformity become less tolerable. 

Many of the unsettling social and political effects of t~is 

·course. of development result from an emphasis ·on energy systems 

:which are large-scale, technically. complex, and which require 

··centralized management~ These features have importan_t implications 

for the allocation of benefits and burdens associated with ep~rgy 

production. For one, centralized energy. systems separate both 

geographically and politically those who bear the impact· of· energy 

.producti:on (strip mining, air and water pollution, inc:reased cancer 
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rates) from those who receive the benefits of using energy. The 

conflict inherent in such a situation is evident in the local 
opposition to nuclear. si~ing procedures and the transportation of 
nuclear waste. Local autonomy is neglected by the social and 

geographical remoteness of the authority which operates and 
comprises the energy infrastructure. Decisions which have political 
consequences, such as those involving the choice of the location of 
power plants and the determination of what is "acceptable" risk, are 
made by an impersonal burequcracy which stands behind an impenetrable 
row of technical experts. The underlying values of the industries 
which produce energy become obscured, and their drive to expand and 

increase profits goes unchecked. 

In addition, with centralized energy systems, control over 
the production and supply of energy is separated and distant from 
the people who purchase aml use the energy. The political inacces­
sibility and economic power of a centralized energy structure implies 
a potential for misuses of power and dist·ribution inequities. It is 
the poor who suffer most from a lack of control over basic neces­
sities such as energy, and who are most vulnerable to abuses of power. 

In short, present energy systems (and many of those planned for 
the future) force people to depend on "systems they cannot understand, 
control, diagnose, repair, or modify"

6
. This dependence preempts the 

political process by leaving a majority of citizens uninvolved in the 
acts of choosing, initiating, and judging the conditions of major 

aspects of their lives. 

An energy policy based on coal and nuclear power creates reliance 
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on systems which surpass understanding and control, drain the 

economy of scarce resources, and seriously erode the environment. 

Such policy is based on projections of futur~ energy needs which are 

extrapolated from trends occurring-in a time of high economic growth 

and low-cost energy. Continued increases in energy consumption are 

thought to be not only inevitable but essential to the standard of 

living, economic health and the quality of life. However, the 

·supposed identity of high energy use with greater social welfare 

becomes invalid when the systems which supply the energy are environ-

mentally disruptive and socially divisive. 

There is another set of values which suggestG a reorientation 

of the energy system by challenging the he.gemony of economic and 

technical motivations in society. The centrality of energx in 

modern life has given new focus to those dissatisfied with the 

predominance of a technical scale which denies interaction and 

flexibility, and which increases the trend toward central authority. 

It has become increasingly apparent as a high level of material 

prosperity has been attained that the social ethos created by a 
) 

narrow economic drive is not necessarily one of social harmony 

cooperation, or satisfaction. 7 An alternative framework is 

developed in our study which includes identifying important social 

8 goals and attempting to achieve them "elegantly" , with a minimum of 

resource input, extravagance, and waste. Included in such an energy ... 

plan is a commitment to energy systems which are environmentally 

gentle, which facilitate political access and self-reliance, which 

are not controlled by "big" business or "big" government, and which 

8 
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are designed to serve human needs over and above narrow technical 

imperatives. 

A reorientation of the energy system would first stress a 

diversity of solutions. Eyery region differs in its energy uses, its 

resource base, its social patterns, and the fragility of its ecosystem. 

An energy supply system which is small in scale and geographically 

dispersed would be more adaptable to local resources and conditions 

than centralized systems are.· This type of ener'gy supply system is 

also in,herently quite flexible, both technically and socially. 

A sustainable energy system can be built for minimal environ-

mental impact, avoiding air and water pollution and resource 

depletion. Small-scale systems can be technically 'diverse,c~n rel~ 

on local resources which are renewable, can be con~tructed with fewer and 

simpler comporients,arid can use fami;I.iar and environmentally benign tech-
6 

nologies. 

Small-scale, dispersed energy systems reduce or eliminate much of 

the waste of the present energy supply structure. Such energy systems 

are matched in scale and quality to the work requirements, or the 

end use for which the energy is needed. The scale or size can vary 

from individual domestic systems to community or district systems. 

Small-systems, locat'ed at. or near the point of use, lower many 

of the distribution costs and conversion losses which plague centralized 

systetils :; "'A closer fit could be achieved between technical means and 

social ends. For instance, the incongruity of using a nuclear power 

plant which produces energy at a temperature of thousands of degrees 

0- . 
to heat a home to 68 Fwould be avoided." 
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A significant feature of small-scale, dispersed energy systems 

is their compatibility with a variety of arrangements for ownership 

and control. Since small energy systems would require much less 

capital investment than large-scale systems, they are much more 

appropriate for individual, small group or community ownership. 

These systems could also foster a decision-making structure which 

is more decentralized than the current system. Paul Goodman, a 

political theorist, defines decentralization as "increasing the 

number of centers of decision-making and the number of initiators 

of policy; increasing awareness by individuals of the whole function 

in which they are involvetl; and e~tablishing as much face-to-f.;~ce 

association with decision-makers as possible". 9 

Energy systems which enable political participation must not 

be too technically arcane, that is, their principles of operation must 

' be readily grasped. This implies that everyone could have a compre-

hension of the techniques and principles involved, not that each 

person would necessarily have the skills to build such systems. Less 

sophisticated management systems could be used to run these systems. 

The decentralized control and ownership of energy systems which 

are small and located in the communities they serve could help to 

encourage a rejuvenation of local autonomy and community politics. 

The people living in a community could collectively determine what kind 

of energy systems to develop, based on their specific energy needs and 

social patterns, as well as on the level of·risks they are willing to 

bear. These systems could merge the environmental costs of making 

energy with the benefits of economic and political control over the 
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production, distribution and use of energy. We also advocate that 

the opportunity for economic control of energy systems be made available 

to everyone. This goal hinges, to a large extent, on what publ'ic 

policies are taken 'to implement small-scale, decentralized energy 

systems. 

Conclusion 

Th . d 'b d b d' . 'f' 1 10 e two energy scenar1os escr1 e a ove. 1verge s1gn1 1cant y. 

The political, environmental and social costs of a centralized energy 

path are h-igh. It is "brittle. . • it must fail, with widespread 

and serious disruption, if any of its exacting technical and social 
. 11 

conditions are not satisfied continuously _and completely". This 

approach is likely to be economically troublesome ~nd inconsistent 

with exp~ctations of personal freeqom and civil liberties. 

The greatest difference between the two energy paths lies in the 

diversity available to small-scale, dispersed energy systems. The 

alternative energy stra~egy pursued in this study is economically 

and technically flexible and resilient, politically responsive and 

resource-conserving. Community-oriented systems_are compatible with 

a wide range of structures for ownership and control. The policies 

needed to implement such systems are multifaceted, adaptable to the 

specific social character and energy use patterns of a giv~n community. 

Most significantly, this alternative energy plan can take form through 

public meetings, open discussions and local initiative. 
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PART ONE 

An Energy Profile 

In order to design an alternative energy future appropriate 

fqr Northampton, we have first attempted to learn as much as 

possible about the city's history, physical layout, current popula­

tion and government structure. An understanding of these character­

istics has been essential to determining current energy use and to 

suggesting possible alternative energy systems for the city. Chapter 

Two provide.s an overview of Northampton from a historical and 

ene!gy-related perspective. A detailed discussion of the way 

energy is presently used and supplied in Northampton is presented 

in Chapter Three. The local economic effects of ·current Northampton 

energy expenditures are estimated in Chapter Four, establishing a 

base on which the economic impacts of the alternative energy systems 

proposed for Northampton can be compared. 
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Chapter Two 

A Visit to Northampton - Past and Present 

Northampton is a city of 30,000 people located in the central 

western part of Massachusetts. It encompasses approximately 35 

square miles of land which is particularly hilly on the western 

side of the city. The eastern and southeastern portions of 

Northampton are bordered by the meandering Connecticut River which 

has formed an oxbow along a flat section ?f the flood plain. The 

soil in the river's floodplain has proven valuable for farming. 

The Mill River, the other major waterway in the city, runs from the 

north central part of the city to the south east corner and into the 

Connecticut River. Northampton is regarded as an urban center by its 

neighboring rural communities. With a mixture of residences, industries, 
r" 

commercial establishments, and agricultural land, Northampton typifies 

an old, small New England city. 

The Pioneering Years: 1650 - 1850 

Northampton was established in 1654 after John Pynchon, a 

wealthy Springfield resident, purchased common land known as "Nonotuck" 

from the Nonotuck Indians. The land w·as renamed Northampton in that 

year and as the first settlement in Hampshire County, Northampton 

survived as a nearly self-sufficient agrarian community for the next 

1 two hundred years. Agriculture was the chief occupation of Northampton's 

early pioneers and industry was limited to the production of agri-
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cultural tools, wool, and other supplies necessary for the town to 

sustain itself. 

Because it was situated along the Connecticut River, a popular 

transportation and traqe corr~dor, Northampton attracted many 

immigrants. During the 19th century, a strong representation of 

Polish, Irish, Canadian, and Italian nationalities settled in 

2 Northampton, .until then a predominantly "Yankee" town. In the 

early part of the 19th century, the availability of·jobs in the small 

but growing mills and factories coupled with the agricultural richness 
I 

of Northampton were two features that encouraged newcome.rs to settle 

there. 

When Northampton was' incorporated as a city in the ·1830's, it ,. 

was still very much a New England farming town featuring>)nany small 

shops and mills and a village -atmosphere.. But resources ·such as the 

Connecticut and Mill Rivers, as well as the introduction of the rail-

road to the area, produced a climate in which industry would prosper 

during the mid 19th century. 

The History of Energy Use In Northampton 

Energy use is a common thread that is woven throughout this 

overview of Northampton. A summary of the significant changes in 

energy resources in Northampton's history is necessary before in-

troducing each section. 

Wood energy has been a long-standing heating source in North-

ampton, dating back over 300 years. Wood burning supplied space and 

water heating and industrial "process heat" to Northampton dwellers. 

This was true for residences, industries and businesses 

16 



aD · 1 raw1ng not to sea e 

Figure 2-1 
Residential Areasa 
Northampton, Massachusetts 

I[Z]I Highe·r Density 

c===J Lower Density 

o ,-.oo ~r I , , ' : 
•too lbOo 



:which used wood stoves a·nd wood. furnaces as their main source of energy 
. 3 

into the late 19th century. 

With the abundant supply of wood available to Northampton's 

17th century settlers, it was only natural that people employed it 

as a heating source as well as for shelter. However, by the middle 

of the 19th century, wood had become comparatively scarce. Businesses 

formed to supply people with wood or coal. First regarded as a 

service for people who could afford to be more "extravagant", these 

heating companies continued to supply sources for space heating as 

wood became less accessible. Some of the original heating companies 

are still operating in and around Northampton today as the local 

heating oil providers. 

Domestic oil began to be used. in 1930, but it was not widely 

employed as a heating source until after World W~r 11.
4 

Today, 

almost 60% of Northampton's residential dwellings rely on imported 

oil to provide space heating needs. Imported natural gas supplies 

most of the remaining space heating needs,followed by a minimal 

5 
number of electric and wood heated homes. 

All lighting needs were provided by oil and gas lamps into the 

late 19th century. The downtown area was the first location for 

electricity. In the early 1900's, electricity gradually spread to 

the outlying sections of Northampton as the Northampton Electric 

Lighting Company built more power lines and as the demand for elec-·. 

· · · d 6 E 1 h tr~c~ty ~ncrease • . ventua ly, t e local Northampton Electric 

Lighting Company became part of the New England Electric Power Company 

in the 1940's, and in 1961 the local company was bought by a larger 

7 public utility, Massachusetts Electric Company. As in the case of the 
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transfer :from wood to coal, oil, ·and gas,. we witness the local energy 

sources being i~corporated into a larger,regionally managed power complex. 

Housing 

During the ."industrial boom" of the·lBOO's, Northampton's 

population increased steadily. As the city grew, various villages 

developed withinwhat are currently the.city limits. The older 
. . 

villages fn 'Northampton are known as Florence, Leeds ·and Bay.State, 

all of which were cr.eated close to the industries which produced 

manufactured goods. Neighborhoods· such as Laurel Park and the Ryan 

Road area are newer, post World War II.residential areas. 

'Northampton's history is revealed in the appearance of its 

houses. Most of the older residential areas are characterized by 

large houses along tree-lined streets. Approximately 70% of the 

residences in. Northampton were'built prior to the 1940's. A sub­

stantial number of these were built before 1900.
8 

The city thus 

provides a diverse selection of architectural styles among its 

8900 residences. About 4500 dwellings are single family and the 

remaining 4400 are duplex or multi-family units.
9 

The total land 

area occupied by residences (including apartments) in Northampton 

is approxirnateiy 2000 acres ·or 27% of all· the developed land in the 

cHy·1l9, ~ (Se'e~1'Figure 2-1) 

Industry· 

Since industries played a fundamental role in the evolution of 
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Northampton, it is worthwhile to trace the changes in the types of 

industrial establishments and their sources of energy since the 1800's. 

Throughout New England water power was a major source of energy in 

the first half of the 19th century. 

By.1850, 74 f~ctories ~nd small mills were located along the 

banks of Northampton's Mill River. 11 This concentration of industries 

close to their. power source was not limited to Northampton; it was 

characteristic of many New England river towns. ArQ~Pd 1860, steAm 

·power based on coal began to supplement and gradually replace the water power 

of the Mill River. A decade later, a major flood ~er~ously damaged qams 

locntcd on th·e rivet:,· vlL·Lually e11mirtating the use of the River as a power 

source. With steam power·as an energy source, the product;ion of silk buttons, 

hosiery, caskets, brush and toilet sets and many more specialized 

products reached its peak during the latter part of the l9th century. 

Along with the gradual shift to steam which began in the late 

1860's, patterns of industrial (and commercial) ownership began to 

change. A few locally owned industries incorporated as stock 

companies, thereby increasing their ownership~ The stocks were 

. d . . 1 f . ..l • l . 12 
J.ssue to ra1.se more capl.ta or 1 "'-'\1Strl.a expAnRl nn, 

In Northampton, much of the industry was based on local capital 

which originated from the savings of local merchants and farmers. 

This meant that most of the profits were recirculated in the North-

ampton economy. The city's economic base thus remained relatively 

stable into the early 20th century. The economic stability that was 

maintained by local capital did not last for long however, as the 

number of absentee industrial owners began to exceed local ownership. 
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As' in the case of the Nonotuck Silk Company, Northampton's 

most prosperous industry, many Northampton industries contracted, 

eliminated plants and emerged with ~ smaller number of units. Much 

of the local capital that supported Northampton industries in the 

late 19th century could not stand up to outside competition. Many 

Northampton industries were bought and relocated by outside interests 

13 around 1920. 

Competition with cheap labor in the Southern states drew many 

industries out of New England at this time. The use of coal (and 

later oil, gas, and electricity) also encouraged the shift from the 

old mill and steam power modes of production. Many industries moved 

to metropolitan areas where they were closer to larger transportation 

networks and improved means of distribution. 

The number of industrial establishments decreased considerably 

after 1920. Of the original 19th century manufacturing firms, only 

a few such as the Daily Hampshire Gazette, Pro-Brush and the Florence 

Casket Company are still operating. The newer establishments-include 

Coca-Cola, Kollmorgen and the Packaging Corporation of America which 

can be found along Route 5, along the Mill River or in the vicinity 

·of the north-south highway (Interstate 91) in the sparseiy inhabited 

industrial park. 

In 1974, the 41 manufacturing firms represented the third largest 

.f 1 . h . 14 sector o emp oyment ~n t.e c~ty. Pro-Brush and Kollmorgen are the. 

two largest manufacturing employers and they are also two of the 
Q 

largest energy consumers. Pro-Brush, owned by Standard Oil of Ohio, 

, manufactures tooth brushes, hair brushes and other plastic pr·uc.Iucts, 
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and Kollmorgen produces projection lenses for telescopes and peri-

scopes and other electro-optical instruments primarily under U.S. 

military contracts. Both firms are controlled by non-resident 

ownership. 

Northampton is not a noticeably industrialized city, especially 

when compared to Worcester or nearby Springfield. Manufacturers of 

food, paper, machinery, chemicals, lumber and wood, and a nu~ber of 

other types of relatively small, precision manufacturers are also 

located in Northampton today. (See Figure 2-2) 

Businesses and Services 

Energy use in the commercial sector of Northampton has increased 

as the number and variety of establishments ha.s grown over the years. 

The conunercial establishments of the mid-1800's were largely oriented toward 

special services or products. Northampton's Main Street and its 

' vicinity were occupied by general stores, drug and grocery stores, 

harness shops, merchant tailors, tinsmiths, hatters, boot and shoe 

shops, livery stables, furniture stores, artisan shops, and meat 

15 
markets. There is not a ·vast difference between those shops and 

services and the types available in Northampton today. The shops of the 

·1800's,. however, .were apt to be· selling· more· local product$ rather than 

marketing·boots froin South America, mittens from Ireland, and shirts 

from Taiwan or South Korea. 

Past sources of energy in the commercial sector were the same 

as those discussed in the residential sector. Wood and coal and 

later, gas, oil, and electricity provided energy to commercial estab-
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lishments. The types of buildings that comprise the commercial 

sector in Northampton today can be identified as: schools, office 

buildings, hospitals, theatres, restaurants, retail stores, churches, 

wholesale stores, hotels, libraries and all else that cannot be 

classified as residential or industrial. Owing to the size and use 

of many of these buildings, the energy demand is often quite large. 

It. is not possible to identify any single district in the city 

as "the connnercial district." The comrnericial sector is dispersed 

throughout the city as are the residences and, to a lesser extent, 

thP inrlttstr.ies. But there are fo~r. business districts, composed 

primarily of commercial establishments, and the four districts 

contain a significant portion of the more than 500 commercial 

facilities in Northampton. 

The largest business district is the downtown, Central Business 

District located near Main Street. It contains a wide selection of 

retail stores, small businesses, service industries, and restaurants. 

Apartments are often located.on the upper floors of these old buildings. 

One can gain a sense of the character of Northampton by wandering 

around the Central Business District. There is a distinction between 

"old" and "new" among the population. This is also reflected in the 

physical appearance of the buildings. Over the past few years, 

Northampton's Central Business District has seen very little construc­

tion of.new buildings. Emphasis has been on the restoration of old 

buildings. A few entrepeneurs have purchased buildings or commercial 

space within buildings and rehabilitated them. These restorations 

(which have taken place with the aid of public and ·private funds) have 
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helped to enliven the historical and architectural charm of the . . 

city. This revitalization has also spawned a young professionalism 

in the city which compliments the·more traditional types of small 

city business in Northampton. 

A second district, Green Street, is located adj"acent to the 

Smith College campus and is composed largely of specialty shops. 

It is the smallest district of the four. 

The village of Florence has its own small shopping area in-

eluding banks, a post office, retail stores, gas stations, res-

taurants and a couple of food markets. Florence's commercial 

identity combined with its residential and industrial establishments 

has created a strong community within .Northampton. 

The fourth district is the King Street-North King Street area 

whid1 offers many supermarkets, three shopping plazas, gas stations, 

car dealers and automotive services, fast food restaurants, and more. 

Much of this district was developed during th'e 1960's and thus its 

physical appearance stands out when compared to the three older 

districts. It is typical of the modern commercial "strip" develop-

ment taking place in cities throughout the United States. Clearly a 

"non-pedestrian" part of the city, this district was built around and 

for the use of the automobile. (See Figure 2-2) 

A breakdown-of energy consumed in each district is not pvail­

able. It is known, however, that almost 50% of the total electricity 

consumed in Northampton .is used in the commercial sector . 16 A sub-

stantial fra~tion of the heavy electricity use can be attributed to 
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the six main institutions in the city which are included in this 

sector. Smith College, Cooley Dickinson Hospital, Northampton 

State Hospital, Hampshire County Hospital, the Veterans Administra-

tion Hospital, and the Clarke School for the Deaf are the most 

conspicuous in their consumption of electricity, oil and natural 

gas. Smith College, for example, consumed close to two million 

gallons of oil in 1977, none of which was bought from Northampton 

.1 . 17 01. compan1.es. Cooley Dickinson Hospital's demand for electricity 

is high because of its constant operation and heavy reliance upon 

many electrically operated machines. 

All six institutions have attempted some energy conserving 

measures because of rising operating costs and the fact that they 

18 house and employ a total of 8000 people. These institu-

tions, 'combined with the municipal buildings, city schools, service 

and retail and wholesale establishments, consume a significant 

portion of the energy supplied to the city. 

Agriculture 

The role of agriculture has declined. dramatically in Northampton 

over the years. In the 18th and 19th centuries, farming was the 

mainstay of Northampton's economy as it was in many of the neighboring 

communit~es. By the mid 19th century, the manufacturing of tools and 

clothing on the farm had moved to the local mills and factories. 

Agricultural production in Northampton then gave way to the industrial 

boom, and agriculture was slowly pushed out of the city to remain in 

the smaller outlying communities. 
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Today, agricultural land makes up approximately 20% of the total 

. 19 h land acreage in Northampton. hiCh t e expansion of residential, 

industrial, and commercial areas, and the increase in transportation 

corridors since 1900, agricultural land has been pushed to the 

"meadows" on the outskirts. of Northampton. Most of this meadowland 

is part of the Connecticut River floodplain. There is a good chance 

that the existing agricultural land will be preserved since it can 

not economically be developed for any other purposes. 

Shifts in Energy S~rces .. 
It is clear that shifts in energy sources coincide with changes 

in Northampton's residential, industrial, commercial and agricultural 

sectors. For instance, the shift from individual to group and corporate 

ownership of industries and business around 1860 introduced absentee 

owners to the Northampton community. A shift to "absentee" energy 

resources also took place at this time. Many of the former water-

powered mills and factories in Northampton expanded to steam-powered 

industries that relied on imported coal. Heating companies formed to 

sell coal and wood to residential, industrial, and commercial customers. 

It was no longer the responsibility of a family or a group of neigh-

bars to provide for their home heating needs if th~y could afford to 

buy their heat. As the residential, industrial and commercial sectors 

grew, the amount of agricultural land dwindled. Westward expansion 

had taken the emphasis off of Northampton as an agrarian community 

around the mid-19th century as pioneers began farming in the Hid-West. 
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With.less agricultural land and less subsistence farming, Northampton 

residents had to rely more on imported food supplies and products. 

·All of these changes mark a trend toward larger companies, 

centralized ownership and a growing.dependence on imported capital, 

natural resources, and food supply. 

This pattern is conunon among many New England conununities 

today. Northampton residents have witnessed drastic changes since 

the subsistence farming days of the early 19th century. The shifts to 

imported energy resources and absentee ownership of industries and 

businesses brought about a decrease in local self-reliance. The 

centralization and regional management of energy sources (1. e., elec-
I 

trification in the 20th century) became widespread with the increase 

in population and with the acceptance of the "extravagant" use of 

energy. 

Within the past four decades, New England has experienced many 

changes: a severe shortage of· fossil fuels, the developme~t of 

nationwide transportation, better access to other region's fossil 

fuel and n:atural resources, changes in technology, and the out-

migration of businesses and industries. As we have already noted, 

New England presently depends on imported fossil fuels for a large 

percentage of its heating sources. It is also important to point out 

that the average price paid by New Eng~and firms for energy is 26% 

20 I 

higher than in the rest of the country. Energy prices, along with 

incentives to relocate in other countries where labor is cheaper, 

could be reasons why New England has been abandoned by many 

. d . d b . 21 
1n ustr1es an us1nesses. 

28 



-------------------------------------------------------------------------------------

• 

We believe that the best way to solve this problem is to 

examine critically the current use of energy and suggest ways that conser-

vation and the use of renewable resources might replace the conventional 

sources of energy in Northampton. The increased consumption and 

exploitation of foreign fossil fuels and other natural resources 

cannot continue at its current rate. Regions such as New England 

have to seriously consider their own renewable energy resource 

potentials. 

Population Characteristics 

A brief look at the Northampton population is necessary in order 

to provide preliminary insight into the demographic and employment 

patterns which may influenc~ or be influenced by changes in energy 

policy. Like many other communities in western Massachusetts, 

Northampton's population has remained relatively constant for the past 

30 years. The 1950 U.S. Census of Population for Northampton was just 

under 30,000 and in 1975 the Massachusetts State Census recorded 

slightly above 30,000 residents. The number that we employ for the 

·22 
current population is 30,000 and it will be used throughout this study. · 

The six institutions in the city represent 15% of the Northampton 

1 . 23 popu at1.on. We have assumed that these institutions (including 

neighboring colleges and universities) are at their peak populations now. 

Current Employment and Income 

The labor force in Northampton comprises about half of the city's 
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population. With 13,400 people ,employed and about 600 unemployed 

in September, 1978, the unemployment rate for Northampton stood at 

4.2%. 24 This relatively low unemployment figure can be attributed, 

in part, to the fact that many college-related services exist in 

Northampton. 

Services, retail trade, precision manufacturers, educational 

institutions and hospitals are the chief sources of income for those 

people who work in Northampton. The conune:r.eial and' industrial firms Pmploy 

over 9,000 people. The difference between the 13,000 employed 

Northampton residents and the figure of over 9,000 people employed in 

.local firms indic.AtP.R th3t a substantial number of No1:thampton residents 

work outside of the city. Service industries represent the 

largest employment sector in Northampton, followed by wholesaling 

and retailing. Manufacturing accounts for nearly a quarter of 

25 
Northampton's total employment. 

A breakdown of employment by group is available in the North-

ampton City Monograph of 1974. Approximately 20% of the labor force 

are professional and technical workers, 20% are clerical workers, 

another 20% are service workers, And the remainder nf thnP.0 employed 

are distributed r~lativelyoevenly as managers, proprietors, sales­

people, craftspeople, foremen, operatives, and laborers. The poten­

tial for conservation and alternative energy exists for many Northampton 

businesses and industries that employ area residents in these jobs. 

In 1974, the median income of Northampton families was $10,180 

and the per capita income equaled $3,002. 26 Even though these figures 

were slightly lower than the state and regional median and per capita 
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incomes, Northampton does not appear "poor" or "depressed." The 

low income could be ~elated to the large student population, but 

we have not attempted to verify this. The Northampton economy could 

face serious problems if it continues to depend on imported energy 

sources. Higher prices and possible fuel shortages would have obvious 

negative effects on most activities in the city. It is possible that 

the development of alternative energy in Nor_-thampton could potentially 

alter the numbers and the types of j6bs available in the city. 

City Government 

City government can play a key role in formulating its own 

approach to the city's energy problems. City officials could take 

initiative in proposing an alternative energy plan. Through 

legislation and publications, conservation could be encouraged. The 

government could work on many areas from developing energy-efficient 

building codes to funding alternative energy demonstration projects. 

An understanding of the composition of Northampton's city 

government is necessary before reviewing the city government's role 

. in Northampton's energy situation. The Northampton city government 

consists of a mayor and nine city councilors, seven of who.m are elected 

by ward, and two of whom are elected at large. Host decision making 

and appointing of officers is done by the Mayor with the approval of 

the city council. For some appointments, it is the role of the city 
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council to decide without the vote of the mayor •. Examples of these 

positions include: members of the Board of Public-Health, the trust 

fund committee, the city auditor, the tax collector, and the three city 
r 

28 
assessors. 

The council's committee work is carried on by standing corn-

rnittees established by ordinance: the committees on finance, city 

property, industry, the fire.departrnent, police and traffic, enroll-

rnent and elections, rules, orders, ordinances, and claims. The 

mayor is a member and the chairman of the committees on finance and 

industry, and he selects the councilors who serve on all eight commit-

29 tees. Work on energy conservation and energy alternatives could be 

i.ntroduced into some of these committees': 

The May~r appointed an ad hoc Energy Commission in February, 

1978. The Cominissiun was asked to develop an energy policy and plan 

for Northampton. Because there were no full-time members, tasks had 

to be narrowed to a focus on energy conservation and its potential in 

municipal buildings. After six months of work, William Ames wrote in 

the Commission 1 s Status Report tlHlt "thE"re is a· great deal of work to 

be done in the field of energy conservation, but we are convinced that 

aggressive efforts to'conserve can yield substantial savings of both 

30 energy and dollars." 

The Energy Commission 1 s preliminary findings have prompted. a 

request by the Mayor for an Energy Conservation Manager to oversee-the. 

operation of all city buildings. The Mayor hopes to provide such a 

position by January, 1980. 31 Until this time, an Energy Conservation 

Coordinator has been appointed ternpor~rily to organize information on 
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the city's energy use. 

Another program in ~he city includes a feasibility study of the 

potential for electricity generation from five small dams on the 

Mill River. This small hydropower study is being done by Curran 

Associates under a DOE grant. 

It is encouraging that there is concern about the energy pro~lem 

in Northampton, but concern is not. sufficient to solve the problem. 

The provision of energy is an important aspect of everyone's survival 

and, from the history of energy supply in the city, it seems 

only to be getting further out of reach of the city's residents, 

businesses and industries. The results of current patterns of energy 

use and s~pply could be very dis~al. It is ess~ntial that the energy 

situation in the city be closely examined and specific proposals for 

change be proposed and implemented. 
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Chapter Three 

Current Energy Use and Supply 

-It is customary to divide energy use into four sectors, 

identified by the types of establishment that consume energy. In 

this chapter, energy use is examined in each of the usual fpur 

sectors: residential, industrial, commercial, and transportation. 

Estimates of current energy consumption in Northampton are derived 

from interviews with both the people who use energy and those who 

supply it, as well as from our own research. An important purpos~ 

of this study is to demonstrate that there are significant differences 

between the amount of energy presently consumed in Northampton and the 

amount of energy that is actually needed to perform the work that is 

being done,, These differences will be examined closely in Chapter Six 

once a profile of current energy consumption is developed. 

It is useful at this point to define and familiarize the reader 

with several terms and concepts that are frequently used in discussions 

of energy and energy use. Energy is usually defined as the capacity, 

or ability to do work. A widely used measure of energy is the 

British Thermal Unit or BTU. One BTU equals the amount of heat 

needed to raise the temperature of one pound of water by one degree 

Fahrenheit. For discussing large quantities of energy, multiples 

of the BTU are often used. One million BTU's is denoted by one HBTU, 

or 106 BTU. 

Power is the rate of doing work or supplying energy. Tn other 
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words, power is equal to the energy used to perform work divided by 

the time it takes to do the work.· A common unit of power is the 

Watt, W, and its decimal multiples .are also widely used. One Watt 

is equal to 3.413 BTU per hour. One kilowatt, kW, ~quals 1000 

Watts and one megawatt, MW, is equivalent to one million Watts. 

Any unit of energy can be divided by a unit of time to form a unit 
I 

of power. Similarly, any unit of power can be multiplied by a unit of 

time to obtain an energy unit. 

In this study, the average rates of energy consumption and 

production in Northampton have been measured in two basic units, 

BTU p~r year and megawatts. Hegawatts are a particularly convenient 

unit for Northampton and it must be emphasized that the term applies 

to all kinds of energy, not just electricity. 

There are three major sources of energy used by residences, 

industries and commercial establishments in Northampton: oil, natural 

gas and electricity. Wood and coal are used in almost negligible 

quantities, amounting to only a very small percentage of th~ city's 

overall energy use. The transportation se~Lur is fueled by gasoline 

and some diesel fuel. The amount of diesel fuel c.onsumecl hy vchiclee; 

in Northampton is so small compared to gasoline consumption that it 

does not warrant special consideration. 

Energy use in the residential, commercial and industrial sectors 

in Northampton is displayed in Table 3-1. The figures listed are 

based on '1977 sales as estimated by energy companies serving the North-

ampton area. These figures were checked with our own general estimates 
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TABLE 3-1: Energy Consumption By Sector, Northampton, Massachusetts-1977 

Residential 

Industrial 

Corrnnercial 

Transportation 

TOTAL USED BY 
FUEL TYPE 

OIL 
Gallons 

106 

9.0 

.9 

10.3 

20.2 

~CF=lOOO cubic feet. 

BTU 
1011 

12.6 

1.2 

14.4 

28.2 

bConversion lo$ses not included. 

NATURAL GAS 
MCFa BTU 

105 1011 

3.0 3.2 

• 6 • 6 . 

2.4 2.5 

6.0 6.3 

• 

ELECTRICITY WOOD 
kWh 0 BTU CordS BTU 

10
7 

1011 
103 1011 

5.6 1.9 4.2 ·- ·. 7 

3.2 1.1 

8.2 2.8 

17.0 5.8 .4. 2 .7 

GASOLINE TOTAL USED 
Gallons BTU BY SECTOR 

106 lOll BTU lOll 

18.4 

2.9 
l-

19.7 

9.8 12.1 12.1 

9.8 12.1 53.1 
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of what th~ energy needs of each sector currently are. As explained 

further in the text below, it was difficult to obtain accurate 

breakdowns for oil and natural gas consumption in the industrial and 

commercial sectors. The numbers presented for these two sectors are 

based on our own research concerning industrial and commercial energy 

use as well as on various sales~ estimates. 

Energy use in the transportation sector is also displayed in 

Table 3-1. The transportation sector is composed of all vehicles, 

both publicly and privately owned, that are registered in Northampton. 

The most recent figures for vehicle registrations available are those 

for 1977. Energy use for transportation by the residential, industrial 

and commercial sectors is accounted for in the transportation sector. 

Questions or assumptions embodied in the numbers presented ;.for each 

sector in Table 3-1 are discussed more fully below. The table is 

presented here for the purpose of comparisons among the various sectors. 

Residential Energy Use 

The residential sector in Northampton is composed of single 

family, multi-family attached, low-rise and high-rise dwellings. 

Housing is divided roughly equally between single family and multi­

family structures, totalling 4500 and 4400 units respectively. 1 

Although it is difficult to generalize about the residential dwellings 

located in Northampton, it is known that as of 1970 seventy per cent 

of all the houses and apartments in Northampton were built before 

1939. 2 As older homes and buildings, these structures tend to be 
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quite large. They often have many large windows and feature only 

minimal, if any, roof and wall insulation. According to energy 

expert~, builders, and architects familiar .with the Northampton 

area, Northampton's newer homes and apartments are better insulated 

than their older counterparts but are often not as well constructed. 

-
These structures tend to be less durable overall and are subject to 

considerable heat loss and drafts. 

Information concerning residential energy consumption presented 

in Table 3-1 comes from sales estima.tes provided by energy retailers 

located in the Northampton area. The sales estimates were checked by 

our group in a lengthy and somewhat elaborate series of calculations 

concerning the amounts of energy theoretically required by North-

ampton residences for various heating, cooling, cooking, and electrical 

needs. A wide variety of informati~n and sources were used in the 

computations. We particularly relied on figures concerning residential 

en~rgy use in Boston Residential Energy Consumption, a study published 

3 in ~976 by the United States Department of Housing and Urban Development. 

Information provided by the Massachusetts Energy Offfce in Boston 

4 was also used. The numbers generated by our calculations are 

summarized i.n Table 3-2. The total residential energy consumption 

presented in this table does not equal the similar total in Table 3-1 

because of the diffe~ent techniques that were used to obtain the two 

figures. However, the agreement between the figures is well within 

our margin of uncertainty. 

It is shown in Tables 3-1 and 3-2 that the total amount of energy 
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TABLE 3-2: Estimated Residential Energy Use, Northampton, Mass.-1977 

use 

Space Heating 

Water Heating 

Air Conditioning 

Lighting and 
Appliances 

Cooking 

TOTAL 

Amount 

BTU 1011 

14.6 

2.4 

.003 

1.5 

• 7 

19.2a 

% of Total Used 

in Residences 

76% 

12 

~1 

8 

4 

lOO~~b 

aThis total does not equal the similar total in Table 
3-1 because of the different techniques that were used 
to obtain the two figures. The agreement between the 
two figures is well within our margins of uncertainty. 

b These may not add up to 100% because of the rounding-off 
of numbers. 

TABLE 3-3: Industrial Energy Use, Northampton, }fussachusetts-1977 

OIL NATURAL GAS ELECTRICITY 
r.aJ.lons BTU MCF BTU kWh a BTU 

X 106 
X 1011 X 105 

X 1011 
X 107 

X 1011 

Nine Largest • 75 1.0 .52 .55 3.05 1.04 
Industries 

Remainder of .11 .16 .08 .08 .19 .07 
Industrial Sector 

TOTAL .86 1.16 .60 .63 3.24 1.11 

aConversion losses not included. 
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used in the residential sector in 1977 was about 19 x 10
11 

BTU. 

It can also be seen that·oil and natural gas provided almost 85% 

of the residential energy needs. This is ve~y similar to the state 

average of eighty-eight per cent. 
5

. About three-fourths of the 

residential energy consumption was used for space heating, with 

about sixty per· cent .of all residences relying on oil for home 

heating. 6 T~e bulk of the remaining housing units used natural gas 

7 
for their space heating needs. 

Using a population of 10,000. the 1977 Northampton per capita 

residential energy consumption is about 61 million BTU. This is 

larger than both the 1973 national per capita residential energy 

consumption of about 46 million BTU and the 1977 Massachusetts 

average of 48 million BTU.
8 

Industrial Energy Use 

The industrial sector in Northampton consists of about forty 

manufacturing establishments and eight agricultural establishments.
9 

We were not able to rely only on sales estimates provided by energy 

retailers located in Northampton to determine the amount of energy 

used by the industrial sector. Estimates available from local oil 

dealers provided only a portion of the total amount consumed, because 

many industries, particularly those which use large quantities of oil, 

purchase industrial grades of oil fr.om distributors located outside o£ 
\ 

No.rthampton. Additionally, the gas estimate provided by the gas 

company serving the Northampton area was a combined figure for both 

the industrial and commercial sectors. 
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Petermination of energy consumption in the industrial sector 

was developed in two stages. The first stage involved obtaining 

specific energy use figures from the nine manufacturing firms which 

had the largest number of employees and the largest total energy 

demand. Interviews were arranged with representatives of these firms, 

and tours were taken of the production areas of each establishment. 

From the interviews and tours, a general profile was devel-

oped of the energy needs and demand of the principal industries in 

Northampton. In the second stage, the information that had been collected 

concerning energy use in the nine largest industries was examined and it was 

estimated what portion of the total industrial energy consumption was 

represented by those figures. Thus, our assessment of total industrial 

energy use is based on estimates provided. by energy companies, figures 

available from individual establishments, as well as extrapola-

tions of known data. The results of this research are presented in 

Table 3-3. 

Northampton is not a highly industrialized city. Industries 

located in the city tend to be relatively small, collectively employing 

2360 people, or only 20% of the total number of employed Northampton 

"d 10 res1 ents. The nine manufacturing establishments we visited employ 

about 2000 people, or almost 85% of all industrial employees. 11 It wa's 

found, in general, that the production processes used in each establish-

ment are not particularly specialized or excessively energy intensive. 

With the exception of Pro-Brush, a toothbrush and plastic products 

manufacturing firm, there is only a small demand for steam generation 

and the use of high temperature heat appears to be minimal. No industrial 
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users were found who require process heat at temperatures above 

about 235°C (450°F). 

About 750,000 gallons of fuel oil, 10
11 

BTU, were used by the 

nine largest manufacturing establishments during 1977.
12 

Most of 

the oil was used for space heating with the remainder going to water 

heating and a small amount to steam generation. A total of 52,000 

11 
MCF of gas, or .55 x 10 BTU, was used by six of the firms for 

. h h . d' i f . 13 
e1t er space or water eat1ng an , n one case, or steam generat1on. 

Drying ovens used by one firm were also fueled by gas. Electricity. 

consumption in the nine firms totaled ,just over 30 million kilowatt-

14 
hours. This correlates well with the utility company's estimate of 

32 million kilowatt-hours for the entire industrial sector. (See 

Table 3-1). Electricity was used principally for lighting, for 

air conditioning, and to run machinery. One firm also reported the 

use of electrically powered compressors in their production.line. 

As explained above, representatives from ·the remainder of indus­

trial establishments were not interviewed. From the information 

collected concerning Northampton's nine largest manufacturing 

establishments, it seems reasonable to state that the additional 

Northampton industries probably do not have significantly different 

energy needs from those already attributed to the·nine largest firms. Since 

it is known that the latter group employs 85% of all industrial 

employees, we assume that it also uses 85% of the· total energy consumed 

in the industrial sector. This may actually be a conservative estimate 

since the nine largest firms use about 95%· of the electricity used by all 

industry. It is estimated that about 113,000 gallons of oil, or .16 x 10
11 

BTU, 
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were used by. the remc-inder of the industriaL sector in 

1977. Gas usage is similarly estimated at 8000 HCF, or .08 x 1011 

BTU. : ! 

Combining the figures developed in both stages of research, it is 

found that in 1977 all Northampton industrial establishments 

consumed 860,000 gallons of oil or 1.16 x 1011 BTU. Electricity 

consumption was very similar at 32 million kilowatt-hours, or 1.1 x. 

10
11 

BTU. 
\ 

The use of gas was somewhat less, with a total usage of 

60,000 MCF, or 
11 .63 x 10 . BTU. This leads to a total indus~r.ial 

~-

consumption of all. fuel types-of 2.93 x 1011 BTU, and a per capita 

industrial energy use of 9.8 million.BTU. While the 1973 nationAl. per 

capita energy use in industry is an order of magnitude larger than 

that for Northampton at 108 million BTU, the 197·7 Hassachusett.s 

f 11 4 ·111 BTU . 1 N h · lS average o • m~ . on ~s very c ose to our ort ampton est~mate. 

This is reasonable since both Northampton and the state as a whole are 

recognized as areas that have experienced a significant de~rease in 

industrial activity during the past fifty years. 

Commercial Energy Use 

The commercial sector is. composed of office buildings, retail 

and other merchandising activities, hotels, motels, schools, hospitals 

d . 1 f .. 1. . 16 
an recreat~ona ac~ ~t~es. The commercial sector is both an impor-

tant sector to study and a difficult one on which to obtain data. It 

is important because it includes buildings, particularly public insti-

tutions, in which the people who are using energy are not responsible 

for paying the costs of the energy that is consumed. Careless energy 
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use and unnecessary waste are quite common in commercial buildings. 

Obtaining data on the commercial sector can be difficult because it 

is made up of such a numerous and varied group of buildings and estab-

lishments. 

The commercial sector in Northampton can be divided into four 

categories: public institutions, retail establishments, wholesale 

establishments, and service industries. The types of .. buildings and 

businesses included in each of these categories are identified in 

Table 3-4. , It was orily possible· to obtain conclusive figures on energy 

use in public institutions. Recent interest in decreasing energy 

costs in public buildings has inspired the city of Northampton to 

keep accurate records of energy use in municipal buildings. The 

data collected were provided by municipal employees, Smith College 

engineers, and past billing records. The Northampton Energy Com-

mission, City Property Committee, Superintendent of Schuuls, City 

Clerk and County Planning Department assisted in the research. 

Staff engineers of individual buildings or institutions were also 

particularly helpful. 

Most of the energy consumption in public institutions was 

accounted for in the use of oil for space heating. (See Table 3-5.) 

Just over five million gallons, or 7.1 x lOll BTU of heating oil were 

consumed by public institutions in Northampton in 1977. 
17 Gas usage 

for space and water heating reached almost 60,000 MCF, or about 

.6 x 1011 BTu. 18 Electricity consumption was approximately 21 million 

. 11 . 19 
kl.lowatt-hours, or . 7 x 10 BTU. The demand for electricity in 

this category comes largely from lighting, ventilating and air 

conditioning needs. 

47 



TABLE 3-4: The Commercial Sector~ Northampton, Hassachusetts-1977 

CATEGORY NUMBER OF 
BUILDINGS 

PUBLIC - Schools, Municipal Buildings, 32a 
Hospitals, Smith Collegea 

RETAIL - General Merchandise, Restaur- 296 
ants, Gasoline Service Stations, 
Food Stores, Retail Stores 

WHOLESALE - Herchant ~Vholesalers, 26 
Manufacturing Sales Brariches and 
Offices 

SERVICE AND OTHER - Hotels, Amuse- 189 
ment, Legal Services, Finance, 
Real Estate, Construction·,. Auto-
mobile and Hiscellaneous Repair 

TOTAL 543 

aSrnith College is a private institution but it seems to 
fit best in the public category of the commercial sector. 
The college is counted as a single establishment because 
total energy use figures were available for the 101 
buildings that make up the campus. 

TABLE 3-5: Commercial Energy Use, Northampton, Massachusetts-1977 

OIL NATURAL GAS ELECTRICITY 
Gallons BTU MCF BTU kWh a BTU 

X 106 
X 10

11 
X 105 

X 1011 
X 107 

X 10
11 

Public Institutions 5.1 7.1 • 6 .6 2.1 .. }. ,; . 
Retail, Wholesale and 

Service Establishments 5.2 7.3 1.8 1.9 6.1 2.1 

TOTAL 10.3. 14.4 2.4 2 • .s 8.2 2.e 

aConversion losses not included. 
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It was not possible to acquire compiled estimates of energy 

consumption for the retail firms, wholesale establishments, and 

service industries which comprise the remainder of the commercial 

sector. With the exception of electricity, sales estimates were 

inconclusive for these categories of the sector. Rather than collect 

data from the more than 500 establishments included in the categories, 

we focused on deriving estimates of their ener~y use from infer-

mat ion collected about other Northampton energy consumers. 

While this method leads to some uncertainty,it has resulted in 

estimates that are reasonable when compared to state and national 

figures. 

Electricity consumption in the retail, wholesale arid· servic.e 

-
categories of· the commercial sector was determined by subtracting 

the amount used in public buildings from the figure for total com-

mercial use provided by the el~etrle eu1u!)any serving the Northampton 

area. This results in a 1977 consumption of 61 million kilowatt-hours, 

11 or 2.1 x 10 BTU, in private commercial establishments. (See Table 3-5) 

An e~timate of gas consumption was calculated by subtracting the amount 

used for industrial purposes and public institutions from the combined 

sales figure for the industrial and commercial sectors provided by the 

20 gas company. This yields a consumption of 180,000 HCF, or 1.9 x 

1011 BTU. This estimate may seem high but it must be remembered that 

the're are over 500 establishments accounted for. in these categories of 

the commercial sector, including such large users of gas as restaurants, 

laundromats and drycleaners. 

Developing an estimate of oil consumption in the retail, whole-
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sale and service categories proved to be a relatively complex process. It was 

first estimated what the total energy needs are for the establish-

ments included in these categories. This was done by using a 

Massachusetts figure for total energy use per square foot of retail 

commercial buildings and applying it to estimates of the area of 

similar buildings in Northampton. A publication examining energy use 

in retail stores in Massachusetts suggests that total energy use in 

retail establishments equals about 375,000 BTU per square foot of 
. 21 

floor space. While the exact amount may vary among buildings 

throughout the state and Northampton, this number was accepted as 

a reasonable estimate of average total energy use in retail, whole-

sale, and service establishments in Northampton. Using the fact that 

ninety-six commercial establishments located on the King Street Corridor 

have a total area of about 660,000 square feet, the area of all private 

commercial establishments was estimated to be about three million 

22 
square feet. This number takes into consideration the observation 

that commercial buildings in the King Street Corridor tend to be newer 

and much larger than their older counterparts located in other sections 

of the city. It is calculated from these figures that total energy use 

for heating, cooling and ventilating in private corrunercial establish-

11 ments located in Northampton is about 11.3 x 10 BTU per year. If estimates 

of electricity and gas usage are subtracted from this, it is found 

11 that about 7.3 x 10 BTU of energy use are not yet accounted for in 

these Gategories. This is equivalent to 5.2 million gallons of fuel 

oil. 

As suggested by the figures presented in Tables 3-1 and 3-5, 
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the commercial sector consumes the largest amount of energy in· 

Northampton. The principle uses of energy in this sector are 
\ 

space heating, ventilation·, air conditioning, lighting and, in 

restaurants, cooking and water heating.· The 1977 per capita com-

mercia! energy use is 65.7 million BTU in the city. This is greater 

than both the 1977 state average of 49.1 million BTU and the 1973· 

national average of 38.2 million BTU. 
23 

These figures support.· the 

hypothesis that Northampton's economy and its energy· use are largely 

oriented around commerd..al activities. 

Transportation Energy Use 

The transportation sector. in Northampton is composed of all 

vehicles, both public and private, registered in Northampton. In 

1977, this number was 19,300. 24 Vehicles used by residents, ~ndustry, 

city government and commercial establishments are included in this 

number. About 90% of these are identified as passenger vehicles.
25 

According to a study done by.the Lower Pioneer Valley Regional Planning 

Commission and the Department of Public Works, a total of about 430,000 

26 
miles per day are travelled by vehicles on roads in Northampton. 

Unfortunately, it. is not known how many of these miles are 

travelled by vehicles registered in Northampton. In the 

case' of Interstate 91, for example, many of the miles travelled on the 
:,j .:: j'l'" •• ·, •. 

portion of highway located in Northampton are probably travelled by 

vehicles not registered in Northampton. For the purposes of this 

study, however, it is assumed that the number of vehicles not registered in 

Northampton that travel into the city equals the amount of Northampton-
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registered vehicles that travel out of the city to surrounding 

communities. It is also assumed that the amount of gasoline purchased in 

Northampton by vehicles not registered in the city equals the amount 

of fuel purchased outside of the city by vehicles registered in 

Northampton. 

If the total of 19,300 vehicles travel ~n average of 430,000 

miles in Northampton per day, then each vehicle travels an average 

of about 22.2 miles per day. This leads to a total of 1.57 million 

miles per year travelled by all vehicles registered in the city. 

This corresponds to an annual gasoline consumption of 9.8 million 

gallons using the Hassachusetts average efficiency for all vehicles 

. 27 
of 16.1 miles per gallon. This is equivalent to a 1977 per capita 

energy consumption for transportation purposes of 40.0 million BTU. 

This is somewhat less than the 1977 state average of 54.0 million BTU 

and less than half the 1973 national average of 88.1 million BTU.
28 

However, both the state and national figures include energy used in the 

long-distance transportation of people, food, merchandise and other 

commodities. It was not possible to examine in this study the energy used in ·the 

non-local transportation of Northampton residents or the goods consumed 

by them. 

Summary 

It is possible from the examination of sectoral energy use and 

supply in Northampton to develop an overview of the total energy 

consumption in the city. These figures are presented in Table 3-6. 

It is interesting to note the percentage of the total energy consumption 
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TABLE 3-6: Energy Use in Northampton, Massachusetts - 1977 

Amount Used a % of Total Used % of Total Used 

BTU x 1011 
By All Sectors By All Sectors b 
in Northampton ·in Nassachusetts 

Residential 18.4 34.6% 29.4% 

Industrial 2.9 5.5 7.0 

Commercial 19.7 37.1 29.8 

Transportation 12.1 22.8 32.8 

TOTAL 53.2 100% 99%c 

a Electric conversion losses not included 
b From Energy in Massachusetts, Massachusetts Energy Office, Boston, 

Massachusetts, 1978. 
c This column does not.add up to 100% because of an "other" category 

used in the Massachusetts Energy Office publication. 

that is used by each sector. Commercial establishments collectively 

consume the largest portion of energy at 37.1% of the total. The 

residential sector trails closely at 34. 6%~ Energy used for t·rans-

portation represents 22.8% of the total used in the city and industrial 

energy consumption accounts for only 5.5%. In general, these figures 

are quite similar to the state percentages developed by the Massachusetts 

Energy Office also presented in the table. 

According to our estimates, the 1977 per capita energy consumption 

in Northampton is 166 million BTU. This is essentially equal to the 

197) state average of 164 million BTu. 29 . The 1973 national average is 

somewhat larger at 281 million BTU. 30 The difference might be accounted 

for in specific regional traits, primarily the noticeable lack of energy 

intensive industries both in Northampton and the state as a whole. 
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Chapter Four 

Energy, Economics and Employment 

The connections among ·employment, energy use, and energy 

production have become increasingly important during the past 

decade. Heated debates are currently going on within government 

offices, Congressional committees, private corporations, and various 

interest groups concerning the employment effects of various energy 

systems. Particular attention is being paid to how changes in 

energy use and supply might effect employment trends. The issues 

involved iri such debates are complex. They require an understanding 

of existing employment patterns, predictions of future economic and 

population growth, and assessments of potential changes in energy use. 

Unfortunately, the conclusions of the few serious and systematic 

studies that have been done have often conflicted with one ·another 

and have consequently done little to clarify the :Lssues. 1 

This chapter is an attempt to estimate how much money is spent 

on energy by Northampton consumers and to assess· the economic impacts 

of current Northampton energy expenditures. This process has not 

involved a detailed quantitative analysis of monetary flows in North­

ampton. Methods of analysis for su'ch a narrowly def,ine'd economy are 

just now being developed and, consequently, there are few existing 

models on which we have been able to rely for guidance.
2 

However, it 

has been possible .~o make reasonable estimates of the amount of money 

contributed to Northampton's economy from the sale of energy and to 

estimate how many local jobs might be associated with such sales. 

By doing this, a base has been established on which ·to compare the 
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economic and employment impacts of current energy sales with those of 

the alternative energy systems which we propose for Northampton's future. 

These comparisons will be presented and discussed in Chapter Nine. 

This aspect of research has been approached in three major steps. 

Starting with figures for total energy use derived in Chapter Three, it 

was determined how much money was spent to purchase this energy and it was 

estimated how much of each energy source was purchased from companies located 

in the city. The second step involved estimating the percentage of sales 

revenue collected by Northampton energy companies that is respent in the city. 

This was calculated by examining the proportions of energy companies' budgets 

that are allocated fnr local wages, taxco, rent, adverLlslng and maintenance. 

Finally, the local expenditures were aggregated to assess the total effects 

on the local economy. In this stage, particular interest was paid to deter­

mining the amount of income and the number of jobs generated in Northampton 

by energy sales. 

Fuel Oil 

The amount of fuel oil used by the residential, industrial and 

commercial sectors in Northampton is presented in Table 4-1. It is 

shown that just over 20 million gallons of oil were consumed in 

Northampton in 1977. This represents a total expenditure of $9.6 

million at 1977 prices. However~ unlike other types of fuel, not all 

of the oil consumed in Northampton is bought from companies based in 

the city. Many industries and businesses, particularly those which 

use large quantities of oil, purchase oil from wholesale distributors 

located in other cities or states. Smith College, for example, purchases 
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TABLE 4-1: Expenditures-on Fuel Oil in Northampton, Massachusetts-1977 

Amount Price Total 
Used 

106 Expenditgre 
Gallons x $/Gallon $ X 10 

Residential 9.0 .48 4.3 

Industrial .86 .48 .4 

Commercial 10.·3 .48 4.9 

TOTAL 20.2 ·. 9.6 

most of its oil from a firm located in Connecticut. 3 

As displayed in Table 4-2, only 55% of the total amount of oil 

used by all sectors in Northampton was purchased from companies 

located in the city. The 11 million gallons ·that were bought in the 

city represent a local expenditure of $5.3 million. The approximately 

nine million gallons that were purchased outside of the city represent 

a direct out-flow of $4.3 million from the Northampton economy~ 

4 There are about eight fuel oil companies located in Northampton. 

A majority of loca·l sales is accounted for by the three or four 

largest firms. Conversations with Northampton oil dealers nave indicated 

that about 80% of the retail price of oi~ represents the.cost 

5 retailers must pay to wholesale distributors for the oil.. This 

indicates that about $.4. 2 million of the $5.3 million of 1~-~al oil 

sales represents the ~ost bf the oil and therefore leaves the area 

immediately. When this is added to the $4.3 million that is spent on 

the purchase of oil from companies not based in Northampton~ it can be seen 
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TABLE 4-2: Fuel Oil Purchases from Companies Located in 
Northampton, Massachusetts - 1977 

Amount Purchased Dollar Value % of All Fuel 
From Companies Located of Purchases Oil Used By. 
in Northamptgn 

$ X 106 b 
Sector Purchased 

Gallons x 10 in Northampton 

Residential 9.0 4.3 100% 

Industrial and 
Corrnnerciala 2.0a .96 18% 

TOTAL 11.0 5.3 54.7% 

a The industrial and commercial sectors are combined here because we 
know from oil companies in Northampton that about two million 
g1llons were purchased in the city by the two sectors. 

b This is calculated using the $.48 per gallon price quoted to us by 
local oil dealers. 

that, almost 90% of all the money spent on oil by consumers in the city 

does not remain in the local economy. 

Of the remaining twenty per cent of local oil expenditures, 

about one half, or $530,000 is spent on wages. The companies are 

locally based and appear to employ area residents, so for simplicity' it is 

assumed that all of the wages are those of Northampton residents. 

The final 10% of sales revenue is spent on a wide variety of items 

including delivery truck maintenance, taxes, rent, insurance, and 

advertising. All of these expenditures are assumed to occur in Northampton 

although it is likely that some of them, insurance for example, involve 

transactions with firms not located in Northampton. 
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Natural Gas 

Natural gas is supplied to Northampton by Bay State Gas 

Company, a state-wide firm that services several different regions. 

Gas travels to Northampton from the Springfield area through a network 

of underground pipes that serve a total of fourteen cities and towns.
6 

Since gas consumed in Northampton represents only a portion of the 

total that is supplied by the pipeline, specific figures concerning 

operating and wage-costs in Northampton are not available. 

Economic and employment estimates are extrapolated from figures cited 

for the entire company in the 1977 annual report. 7 

A standard price for a given unit of gas does not exist. Charges 

to customers are b~sed on a rate schedule that differentiates between 

the use to which the gas is put and the total amount consumed. 

Customers are also billed periodically for fuel adjustment charges 

that reflect fluctuations in the price the gas company must pay for the 

gas. Fuel adjustment and rate charges are filed with the Department 

of Public Utilities. They are quite complicated and are not particu­

larly useful to this discussion, since individual consumers are not being 

examined. It is possible, however, to compute the average revenue 

collected by Bay State for each thousand cubic feet (MCF) of gas sold 

to all sectors. When this is done, it is found that in 1977 the average 

revenue per sale of each thousand cubic feet of gas ~as about $3.90. 8 

This figure includes whatever periodic fuel adjustment charges were 

necessary during 1977. 

Using the sales estimates that are displayed in Tab.le 4-3 and 
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TABLE 4-3: Expenditures on Natural Gas in Northampton, ~1ass.-1977 

Amount 5 Average Revenue Total Expengiture 
MCF x 10 $/MCF $ X 10 

Residential 3.0 3.9 1.2 

Industrial .6 ·3.9 .2 

Commercial 2.4 3.9 .9 

TOTAL - 6.0 2.3 

an average revenue of $3.90 per thousand cub_ic feet of gas, i:t appears 

that Northampton gas customers spent about $2.3 million for gas in 

1977. The accuracy of this figure was checked by comparing the 

percentage of total gas sales that Northampton's consumption represents 

with the percentage of total revenue generated from those sales. 

9 Northampton sales account for 2% of all Bay State Gas Company sales. 

Our figure of $2.3 mill~on represents 1.9% of Bay State's total 1977 

. 10 operat1ng revenue. 

In its annual report, Bay State Gas Company itemizes the amounts 

of money- spent on each of its operating expenses. We calculated the 

percentages of total revenue that were spent for each budget line in 

1977 and applied them to the estimated $2.3 million spent by Northampton 

customers. This procedure assumes that ratios between sales and 

operating costs remain constant among the various towns and cities 

served by Bay State Gas Company. 

Since Bay State's headquarters for the Northampton area is 

located in Sprlngfiel'd, the only operating expenses that would be 
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introduced to che local economy are the local taxes paid on the 

Northampton pipeline and the wages of any company employees who 

live in Northampton. Local Northampton taxes account for about 

$108,000. 11 Although we do not know how many Bay State Gas 

Company employees reside in Northampton, it is possible to develop 

a rough estimate of how many people are employed by ~he company to 

service Northampton customers. From an employee per customer ratio 

that we derived from figures included in the 1977 annual report, we 

calculated that about 71 people are employed to serve Northampton 

customers. This equals a Northampton wage bill of $214,000 if it is 

assumedthat all 21 employees reside in Northampton and are paid the 

Northampton median income of $10,180 per year. 

Electricity 

Electricity is supplied to Northampton by Hassachusetts Electric 

Company, a subsidiary of the New England Electric System. Electric 

power is distributed tp the city through a network, or grid, of 

transmission lines called the New England Power Exchange. NEPEX serves 

all of New England, supplying electricity generated from oil, hydro­

power and nuclear facilities located throughout the region. The com­

plexities of the relationship between Massachusetts Electric Company, 

its parent company and the regional power grid make it difficult to 

determine how much money from Northampton electric sales might circulate 

through the local economy. Dollars generated from electricity sales 

in Northampton are used partially to pay wages and other operating 
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expenses incurred by the grid as a whole. For example, utility 

poles used .in Boston might be purchased in New Hampshire and paid 

fo~ with money that was collected in Northampton. Additionally, 

Northampton based contractors or construction workers might be 

hired by MassElectric and paid with revenues generated in other 

cities. 

The total Northampton expenditure on electricity was deter-

mined in Table 4..:4 from sales estimates developed in Chapter Three. 

~lthough electricity prices are determined by a rate structure not 

unlike that of natural gas, general price estimates were available 

from the utility and used in Table 4-4. Conversations with a 

utility representative assisted in developing estimates of the 

proportion of sales dollars that is spent by the utility in North-

ampton. The two principal ways in which money is spent in the city 

are property taxes and wages. Massachusetts Electric Company is 

the single largest tax payer in Northampton. About 3.3% of the 

approximately $7.1 million collected from electricity sales in 

Northampton arc paid back to the city in the form of property taxes.
13 

This represents a total of $234,000, or 2.6% of the $8.9 million 

1975 N h 1 1 roll. l4 ort ampton oca property tax 

There are thousands of utility employees scattered around 

Massachusetts who either service Northampton customers or are 

15 partially supported by them. However, there are only 43 people\ 

presently employed in the Northampton office of the electric company.
16 

Assuming that all of these employees reside in the city and that they 

earn an income equivalent to the Northampton median of $10,180 per year, 
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TABLE 4-4: Expenditures on Electricity in Northampton, Hass.-1977 

Amount Price Total 
Sector 

107 Expenditure 
kWh X $/kWh $ X 106 

Residential 5.6 0.045 2.5 

Industrial 3.2 0.04a 1.3 

Connnercial 8.2 0.04 3.3 

TOTAL 17.0 7.1 

aCustomers who use large amounts of electricity pay less per 
unit than those who use small amounts. Prices provided by 
Massachusetts Electric Company.l2 

$438,000 represents the Northampton wage costs of Massachusetts 

Electric Company. 

Fuel wood 

The burning of wood for domestic space heating has traditionally 

been quite connnon in New England. It has recently become apparent 

that an increasing number of homes are relying on wood heat to sup-

plement or replace existing heating systems. This increase has been 

particularly noted in rural or heavily forested areas. Several studies 

have been done recently that examine the extent of wood resources in 

western Massachusetts. Unfortunately rione of them has looked in any 

depth at the economic or employment implications of wood heating 

systems. 

65 



TABLE 4-5: Expenditures on Fuelwood in Northampton, Mass.-1977 

Amount 
Cords 
X 103 

4.2 

Price 

$/Cord 

50 

Total 
Expenditure 

$ x 106 

• 21 

The estimate of current Northampton fuelwood use presented 

in Table 4-5 is based on research done by a study group at the 

University of Massachusetts in Amherst. 17 According to an un-

published report produced by the group, about 4200 cords of fuelwood 

were consumed in Northampton in 1977. 18 Using the group's estimated 

price of $50 per cord, it appears that a total of about $210,000 

was spent on fuelwood by Northampton· residents. 19 We assume that all 

of the fuelwood consumed in Northampton is purchased from dealers 

located within the city limits. 

The operating costs of the wood cutting and distribution process 

vary according to the scale of operation and the distance that thP. 

wood is transported. According to several foresters and wood resource 

managers in western Massachusetts, fuelwood dealers in the Northampton 

area tend to be local .residents who use the business as a way to sup-

1 h 1 . 20 p ement ot er, more regu ar earn~ngs. Dealers usually cut the wood 

themselves, relying on family or friends for assistance. Earnings 
I 

from the sale of wood are seldom reported to the government and do not 

appear on town tax rolls. 

The University of Massachusetts study group determined that from 

$10-$20 is spent per cord of wood on chainsaw, gasoline, oil and 
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. 21 
transportat1on expenses. If an average fixed expense of $15 per cord 

is assumed, then about 30% of every dollar spent on fuelwood 

represents the cost of the production and transportation of the wood. 

In Northampton, we assume that all of these expenses, a total of 

$63,000, is spent in the local community •. The remaining 70% represents 

profit and any wages that might be paid out. Since many area wood-

cutters and fuelwood dealers appear to do the work themselves, the 

estimated $147,000 of profit is considered to be income that could be 

introduced to the Jnr.A1 economy. 

Gasoline 

There are about thirty gasoline service stations located in 
!I 

22 
Northampton. As explained in the section on transportation energy 

use, it is difficult to determine how much of local gasoline sales 

actually represent Northampton based consumption. Usingthe estimate 

for Northampton gasoline consumption explained in the section on 

transportation energy use in Chapter Three, we applied an average 

price per gallon supplied by the Massachusetts Energy Office to reach 

a total Northampton expenditure of $6.5 mi1Jinn. 23 (See Table 4-6) 

Figures available for 1974 indicate that 29 Northampton gasoline 

service stations sold about $5.2 million worth of gasoli~e. 24 
Allowing 

for a rise in the price charged per gallon as well as for growth in 

demand since the gasoline shortage of 1973-74, our 1977 sales figure 

appears to be a reasonable estimate. 

Statistics ·supplied by the Massachusetts Energy Office indicate 

that the average increase in price for each gallon of gasoline between 
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TABLE 4-6: Expenditures on Gasoline in Northampton, Nass.-1977 

Amount Price Total 

Gallons x 10
6 

$/Gal. 
Expenditgre 

$ X 10 

9.8 .6 7 6.5 

distributor and retailer is about $.077. 25 Therefore, about 88% 

of the price charged to the consumer r.P.prPsPnts thQ co&tc paid by 

retailers for the gas. Of the estimated $6.5 million 

spent on gasoline in Northampton in 1977, about $5.7 million 

left the area im.~ueulately in order to pay wholesale distributors. 

About 12% of the price charged for gasoline is not related to 

the price pa.id by the gas stations for the gasoline. Thus, about 

$780,000 is available in Northampton to pay wages, rent, state gasoline 

tax, franchise fees, property tax and other operating expenses. 

According to national figures available in the 1972 U.S. Census 

of Business, gasoline station payrolls equal about 9.2% of gasoline 

26 sale::; n:!venue. Assuming that the Northampton breakdown is similar 

to the national average, about $600,000 is spent on wages by North-

ampton gasoline stations. This is equivalent to 59 jobs if the North-

ampton median income is used. For simplicity, it is assumed that all of 

the remaining $180,000 is spent in the Northampton area on local 

operating expenses such as property taxes, rent and advertising fees. 

Employment and Income Implications 

Estimates of total ener·gy expenditures in Northampton and the 
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breakdown between the amounts spent on local wages and other 

operating costs are collected and presented in Table 4-7. It is 

important to emphasize the highly approximate nature of these 

'figures. They represent rough estimates of wages and operating 

costs, and h.;tve been developed only to provide a basis for the dis­

cussion of the potential employment and income impacts of a shift 

to alternative, renewable energy sources. 

Several important conclusions can be derived from the totals 

display~d at thP. hottom of each column in Table 4-7. First, it is now known 

that $25.9 million was spent in 1977 ($863 per person)on energy consumed in 

Northampton residences, industries, vehicles, and commercial establish­

ments. It is important to note that $4. 35 million of the t'otal spent 

on fuel oil is purchased from companies not located in Northampton. 

Therefore, 45% of Northampton 'oil expenditures have no local 

employment or economic impacts because the money is spent i.n other 

communities. 

As the last column in Table 4-7 illustrates, 88.3% of the total 

amount of money spent on energy in Northampton, or $22.9 million 

($763 per person), leaves the city immediately to pay the costs 

of the production or purchase of the energy. Clearly this large 

outflow of money from the Northampton economy creates a substantial 

drain on the local economy. In Chapter Nine, we will consider what 

would happen if a larger portion of the money spent on energy could 

be recirculated through the Northampton economy. It is possible that 

alternative, renewable energy systems could prevent such a drastic 

drain on local income. 
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TABLE 4-7: The Breakdown of Energy Expenditures in Northampton, Massachusetts-1977 

Oil -Local 

-Non-local 

Natural Gas 

Electricity 

Wood 

Gasoline· 

TOTAL· 

Amount Spent on 
All Energy ?urchases 
10° 

5.3 

4.3 

2.3 

7.1 

.21 

6.5 

25.9 

Amount Respent 
. in Northampton 

106 

1.1 

0 

.32 

.6 7 

.21. 

• 78 

3.0 

Local Wage 
$ 9enerated 
10::> 

.53 

0 

.21 

.44 

.15 

.60 

L9 

Other Local 
Expenses 

'106 . 

.53 

0 

.11 

.23 

.06 

.18 

1.1 

Note: Numbers displayed in table may vary slightly from the text due to r9undings. 

% of Total 
Not Respent 
in Northampton 

90.1% 

87.4 

91.5 

0 

8.8.0 

88.3% 



It can be seen from-Table 4-7 that approximately 12% of the 

total expenditures on energy, or $3.0 million, is respent in 

Northampton by energy retailers. This is divided between labor 

expenses and other operating expenses such as rent, taxes, advertising 

and maintenance. It was calculated from our estimates of wage costs 

and employment trends in the various energy companies that ·about $1.9 

millionworth of jobs in Northampton are the direct result of current 

energy sales. By dividing ~his number by the.median income in North-

ampton, it can be shown that this equals about 170 jobs. In other 

words, about 170 people are employed in jobs that result directly from 
I 

the sale of energy in Northampton. (We assume all live in the city but 

it is possible that some reside in other towns in the Northampton area.) 

In 1974, 52.9% of the 22,968 Northampton residents sixteen years or 

older were employed in the civilian labor force. 27 Although we do not 

know what percentage of .these people are actually employed by firms and 

establishments located in Northampton, we do know that the total amount 

of Northampton residents employed in civilian jobs equals about 12,000. 

(It is interesting to note that this is divided fairly evenly between 

men and women, at 52.9% and 47.~%, respectively.)
28 

Thus, it appears 

that fewer than 1.5% of empioyed Northampton residents are employed in 

jobs directly related to energy sales in Northampton. 

It has also been determined that about one-third of the $3 million 

that is respent in Northampton by energy retailers located in the 

city is spent on non-wage related e·xpenses such as rent, taxes, ad-

vertising and maintenance. it is difficult to determine how many jobs 

are directly and indirectly'related to these expenses as they circulate 
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through the local economy. A method sim~lar to that applied to wage 

costs can be used. However, results of such computations are some-

what less concrete and less indicative of actual employment trends in 

Northampton than those done on the basis of wage costs. A particularly 

important impact of these expenditures is on the city's tax rolls. We 

know from computations concerning tax payments by energy companies 

to the city that~proximately $500,000 was paid in taxes in.l977. 29 

It will be important to estimate what effects on the tax base of the 

city of Northampton could occur as a result of a shift to the develop-

ment and use of alternative energy systems. 

An important prediction of economir theory i~ that overall 

spending will tend to increase by more than the initial expenditure 

as dollars circulate through an economy. This is called the multiplier 

effect anu i~ defined as the ratio of a change in income to the initiating 

change in spending that brings it about. While most economic theory 

addresses the multiplier effect on a national, or macro level, regional 

economic theory has recentlY: been applying these concepts to regiona] 

or localized economiP.s. Hence, it is not enough simply to ~Late that 

$3 million is spent in Northampton by energy retailers in wage and 

/ 
other expenditures. These dollars have additional impacts on the 

Northampton economy as they circulate through several 'rounds' of 

spending. 

Multipliers in relatively small or narrowly-defined connnunit-ies 

tend not to be very large. This is because a laree proportion of the 

income in such an economy leaves quite rapidly to purchase goods and 

services not provided by the economy. This is well illustrated by our 
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' figures concerning the outflow of dollars from Northampton to pay for 

energy used, but not produced in the city. 

--:It has been suggested by Craig L. Hoare, an economist at the 

University of Massachusetts in Amherst that about 40% of every dollar 

30 of income generated in Northampton is spent in the local economy. 

This number is based on Moore's studies of various Massachusetts 

communities as well as of cities and towns located in other states. 

In his article, "A New Look at the Minimum Requirements Approach to 
I 

Regional Economic Analysis," Moore examines the relationship between 

city size and the base and service components of the economies of 

over 300 . . 31 
C1t1eS. _ He concludes that a city with a population similar 

32 to that of Northampton has a multiplier of 1.66. In-other words, 

a dollar spent in Northampton will generate a total of about $1.66 

of iocal income as it circulat~s through rounds of spending in the 

economy. This suggests that the total income generated by the amount 

of money respent by energy retailer's in Northampton is $4.98 million, 

or 19.2% of the amount originally spent by Northampton customers. 

The total "dollar siz-e" of Northampton can be roughly estimated by 

multiplying the number of employed residents by the median income 

earned by each resident. This amounts to about $122 million and 

although it is known that this is not all -respet1t in the city, it helps to 

illustrate how small the $4.98 million figure is. In Chapter Nine, 

similar.effects of alternative energy systems will be compared in 

order to determine whether the multiplier effect and the overall 

flow of spending could be different in a coimnunity more oriented ·towards 

energy self-sufficiency. 
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PART TWO 

Determining Future Demand 

A connnitment to streamlining the patterns and improving 

the efficiency of energy use in Northampton can stimulate economic 

growth and enhance the quality of life. In fact, it is demonstrated 

in the following chapters that it is possible for Northampton to 

achieve negative growth in its overall demand for energy without 

experiencing sacrifices or shortages that are often incorrectly 

associated with a decreased demand for energy. Various factors 

effecting energy demand in Northampton are examined in Chapter Five. 

Particular emphasis is placed on examining growth, or in some cases 

the lack of growth that has been experienced in different segments of 

the city. A specific and detailed analysis of the way energy is 

currently consumed in Northampton is presented in Chapter Six. It is 

demonstrated that there is a significant difference between the amount 

of energy presently used in the city and the amount of ene~gy that is 

a~tually needed to perform the tasks that are being done. In Chapter 

Seven, the potential for conservation in the residential, industrial, 

commercial, and transportation sectors of Northampton is estimated. 

Existing conservation efforts are discussed and future methods of 

planning for changes in energy .use are suggested. 
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Chapter Five 

Determining Future Demand 

Utility companies have always developed predictions of future 

energy demand. The high capital costs and the long lead times 

involved in constructing new capacity make it necessary to prepare 

forecasts of trends in energy consumption. Since utility profits are 

dependent on installed capacity, there has been an incentive for 

utilities to encourage present energy consumption. and to predict 

large increases in energy ·use for the future. In the past, energy 

demand has been encouraged by extensive advertising, the creation 

of rate structures which favor large users, and the development of 

subsidies for builders of electrically-heated homes. The prophecies 

of high energy consumption became self-fulfilling owing to the efforts 

of the utilities. 

It was not until the energy crisis that state and federal 

governments seriously questioned the validity and inevitability of 

utility energy projections. Several studies have recently concluded 

that the inefficiency of current energy use leaves ample room for 

both conservation and economic growth and that increases in the 

standard of living can continue without the high energy growth rates 

of the past. According to these studies, with a shift in social 

priorities toward conservation, and a decision to use societal resources 

more efficiently1 , energy consumption coqld remain at present levels 

indefinitely. Society, then, ''can decide its en~rgy use, just as an 

individual does, and attempt to shape the future".
2 
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By virtue of its planning and regulatory powers, a city 

government can greatly influence energy use. ·There is considerable 

C?PPOrtunity for a local government to take initiative in energy con-

servation and energy self-reliance by incorporating energy-efficient 

goals into its planning framework. Energy-efficient planning includes 

a commitment to reducing the demand for energy and improving the 

efficiency of energy use. It entails local control over the production, 

3 distribution, and financing of energy and energy use. In order to 

achieve such goals, local government can effect changes in land-use 

and transportation ~atterns, develop energy-efficient building and 

site u~::;ign requirements, support the development of local energy 

supplies, and encourage public education and demonstration projects. 4 

The goals of energy-efficiency and energy self-reliance provide an 

orientation from which to plan for the future. 

·' 
In designing an energy plan for Northampton which stresses 

energy-efficient planning, conservation, and the utilization of 

local resources, several factors which influence Juture energy use 

must be considered. The amount of energy used by individual R ;:md 

families who live in Northampton can change as a result of shifts in 

consumer preferences, increases in disposable incomes, and most 

importantly, energy price levels. The incentives t:o. conservation can 

be understood by looking at expected trends in individual energy use. 

Rising energy prices will encourage the use of e~ergy-efficient' appliances~ 
c 

the insulation of buildings, and the development of energy awareness 

by residents of Northampton .. In addition to changes in habits of 

personal consumption, industrial and commercial growth, together with 
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population growth, are al'so important determinants of future energy 

use. The vitality of the industrial and conunercial sectors has 

implications for the ·economic base as well as the energy use of the 

city, so it is expected that growth in these sectors will be encouraged 

by the city. It is in these areas that energy-efficient planning, 

through zoning and building ordinances, and alternative energy models, 

can have a substantial effect on energy consumption. A conunitment to 

conservation'and careful planning can mean no net growth in· energy 
. 

consumption in Northampton, even as the local economy prospers. 

Individual Energy Use 

Althoughwe view utility forecasts in a critical light, it is still 

useful to examine the past patterns of energy demand and the future 

projections of the utility companies which serve Northampton. The 

important aspects to note are the utilities' expectations of future 

energy use by individuals. 

The last ten to fifteen years has been a situation of no-growth 

for retail heating fuel in general because of competition from 

natural gas and electricity. Northampton has maintained its dis-

proportionate reliance on oil for space and water heating, but since 

1973 the price of oil has risen from 16¢-18¢ per gallon to over 50¢. 

An official of one of the larger oil retailers in Northampton stated 
: · . ··. r f~ ;· i • < r~ · 

thatoil.consumption in the residential sector has dropped by about 

20% .since 1973. The only way for local heating fuel companies to 

rem~in in business has been by purchasing foundering companies and 

. 5 
increasing the number of people they serve. 
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The Massachusetts Energy Office has predicted an increase of 

2-3C per gallon for home heating oil this winter6 , and a local oil 

company executive suggested that the price of oil may rise as high as 

60C a gallon. He believes that by 1985 oil prices may be as high as 

7 
80C per gallon. Certainly such factors as persistent i~flation, 

continued price increases by OPEC*, qnd a federal mandate to increase 

the price of domestic crude oil will only increase the price of home 

heating oil. It is clear that.as prices rise, oil consumption in . 
. 

Northampton will continue to decline as households and businesses 

turn to stronger conservation measures in an effor·t to reduce heating 

hills. 

Natural gas is used by 30~40% of Northampton's homes for space 

and water heating. Table 5-l illustrates trends in natural gas use 

8 by residential customers of Bay State Gas. The figures a~e aggregated 

for all of the towns which Bay State Gas serves. It is assumed that 

Northampton's residential use of gas is comparable to the other areas. 

As the table depicts, since 1973 the overall trend in residential 

natural gas consumption has been downward. There have been two 

exceptions. In 1974, there was an increase in the amount of natural 

gas used by residential customers, which was probably due to an easing 

of the previous winter's energy crisis. A particularly severe winter 

in 1976 apparently increased natural gas consumption by residences. 

In 1977, the average amount of gas used by households was at a'lev~l 

somewhat below the 1972 figures. 

A Bay State Gas Company Annual Report states, "The slack in the 

* As this is written OPEC has just announced a 14.5% increase in 
the price of crude oil for 1979. 
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TABLE 5-l: 

Year 

Avg. use per 

a 
Residential Gas Use by Bay State Gas Customers 

1970 1971 1972 1973 1974 1975 197/-

residential , 91.1 94.5 97.4 91.2 94."6 93.5 9.8. 5 
customer 
(mcf) 

Percentage +3 +3 -6.3 +3.8 -1.2 +5.4 
change 

aFigures derived from Bay State Gas Annual Reports. 

1977 

96.2 

-2.3 

economy, coupled with public efforts to conserve energy, and mild 

. 9 
weather conditions, have slowed growth". Of course, the weather is 

unpredictable. !'>- tight economic situation, and increased natural gas 

prices as ~.result of curtailments and deregulation pressures, are 

likely to discouraee natural gas usage, and make conservation invest-

ments more appealing. In recognition of the inevitability of further 

declines in residential gas use, Bay State Gas Company concentrates 

10 
its marketing effort ori expanding the number of customers they serve. 

According to a Massachusetts Electric official, demand for 

electricity in Northampton grew from 1965 to 1973 at the rate of 7-8% 

a year. This growth rate closely parallels the.national rate for that 

period. In 1973, as prices rose, electricity use in Northampton de-

cl~~$7?rb¥ ?~5%. The company's District Manager states that industrial 
••-"v) ,, ' ...1'' '·' 

energy use has remained at 1973 levels, while residential and com-

mercia! consumption have increased at the rate of 6% per year. For 

its future projections, Y~ss Electric has developed a set of estimates 

83 



a 
TABLE 5-2: Household Appliance Ownership 

% of homes 
owning 

Northampton 

United States 

clothes­
washers 

68.9 

90.8 

horne food 
freezers 

11.3 

28.5 

dish­
washers 

15.5 

20.8 

air condi­
tioners 

16 

35 

aAll figures are for 1969 and are eornpil,ed from r~ variety of sources. 11 

12 ranging from a 3.5% to an 8% yearly growth rate. The uncertainty of 

their predictions follows from several factors, including the fact that 

residential ownership of certain appliances in Northampton is much lower 

than for the United States as a whole (see Table 5-2 above). The 

disparity may be due to the large proportion of Northampton's residents 

' who are in the student and institutional populations. T~ese groups would 

be less likely to purchase as many major household appliances. Overall, 
/ 

future appliance use may increase, but this is difficult to predict 

quantitatively. Secondly, given the potential for major shifts away 

from oil and gas, to coal and nuclear based-electricity generation for 

horne heating, electricity use may ·rise. 

Oil and gas companies do not foresee individuals and homeowners 

increasing their energy use. As heating costs soar, individuals will 

seek to cut down their space and water heating needs as much as pos-

sible. The use of residential appliances may expand as there remains 

considerable market potential. If consumers are aware of the importance 

of the operating costs of their appliances, they will purchase products 

which are more energy-efficient, Therefore, even if residential 
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appliance use grows, it need not have significant impact on total 

energy use in the city. 

Growth in Northampton 

Estimating population growth in Northampton is central to·any 

determination of future energy needs. People require housing, 

employment, transportation, and community services, all of which 

involve the use of energy. Northampton's current population of 30,000 

has remained remarkably stable over the last few decades, increasing 

by only 2% since 1950. A set of population projections for the city 

has been developed by Metcalf and Eddy; a firm which wrote a Master 

Plan for Northampton in 1972. They concluded that a probable estimate 

for Northampton's population in 1990 was around 37,000.
13 

Trends 

since the Master Plan indicate that the figure will probably be lo-v1er. 

A recent projection by the Lower Pioneer Valley RegionalPlanning Commission 

predicts a population of 31,500 by 1990 (a 6% increase), and 33,610 

people by 2000 (a 12.5% increase). 14 On the basis of these numbers, 
/ 

and a knowledge of Northampton, it is expected that growth in the 

population of Northampton will be fairly small. 

In addition to absolute numbers of people, the age distribution 

of a community has significant effects on energy use, because of 

implications for .employment patterns and the variety of community 

services which are required. While growing at & slow rate, by 1990 

Northampton's population will be of a younger composition than it is 

currently. The Comprehensive Summary of the 1972 Master Plan predicts 

increases in Northampton's population between the ages of 0-14 and 
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25-44. These increases would reverse the trends of the·previous 

decade for these age groups. At the same time, the Master Plan 

projects a ·substantial decline in the older population.
15 

In the past few years, there has already been an influx of 

students and young profes.sionals, drawn by the revitalization of the 

downtown area. The growing attra·ctiveness of the city has prompted 

such descriptions as a re-cent article in a local paper which was· 

entitled "Northampton's Renaissance:. Patrons in Paradise". This 

article referred to Northampton as a "center of cultural renaissance".
16 

If such favorable attitudes and publicity persist, No.rthampton' s 

·pnpnla'tion may come to have a more youthful orientation than expected. 

The presence of the st~dents and young professionals in Northampton 

is reflected in the flavor of the revitalization of thecentral business 

district. The new, small specialty shops have an appeal to a hip, 

upper middle-class clientele. The growth of the corrnnercial sector in 

Northampton also reflects the changing economic base of the city. 

Northampton ,.s experience is similar to that of many other communities, 

as there has been a shift away from manufacturing activities which.were 

once the basis of the local economy to an emphasis, on serv:i.r.es and trade. 

From 1967 to 1975, employment in Northampton's service sector 

grew by over three times, .and now represents a third of the total 

1 . h . 17 emp oyment 1n t e c1ty. The tremendous growth of the service 

industries was due mainly to the development of the King Street Corridor 
") 

which occurred .:tt this. time. According to one of the city planners, 

18 
it is unlikely that King Street will experience any further growth. 

Employment in the wholesale and retail trades increased by 18% 
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from 1967 to 1975, and also represents a third of Northampton's 

19 employment. This commercial growth has taken place on King 

Street, and also to a significant degree through the rehabilitation 

of Green Street and the Central Business District. Continued growth 

in the downtown area is constrained by problems of space, parking, 

and proximity to residential neighborhoods. 20 

Total employment in Northampton grew by about 1500 from 1967 to 

1975. The number of people employed in manufacturing in the city 

decreased by nearly half, and this sec~or now in~ludes nearly a 

. 21 
quarter of Northampton's employment. Even though industrial 

activity in the city has declined, there is a ninety-acre industrial 

park which the ·Redevelopment Authority is vigor.ously promoting. In 

' 22 the last four years, o?lY one major employer has located in the park. 

The best prospects for the industrial park are probably light industry, 

and white-collar firms which might be attracted by the area's educa~ed 

23 
labor market. 

· Conclusion 

The picture which emerges from the above discussion is interesting 

to examine for its energy implications. The commercial sector in 

Northampton uses a large portion of the city's total energy. It is also 

an area where there is significant energy waste. Although there may 

be additional commercial growth in the:. city, strong conservation efforts 

can eliminate any net growth in energy consumption. The city govern-

ment, through its zoning and building ordinances, can have substan-

tial impact on the energy-efficiency of this sector, and on the amount, 
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type and location of any further commercial growth. 

The industrial sector in Northampton presently uses only a 

small amount of the energy consumed in the city. The Redevelopment 

Authority can encou~age industries which are not energy-intensive to 

settle in the Industrial Park. The city could also promote cottage 

industry within neighborhoods. 

The population of Northampton is not expected to increase very 

much, but a City Planner has suggested that the general housing 
. 24 

crunch may effect Northampton. Under these circumstances, energy 

efficient building codes and planned developments become critical. 

The city can also dcoign a public transit system Lu ~.:ul: down on 

automobile traffic within the city, and can work to develop a 

community-scale waste processing operation. 

A commitment to improve the efficiency of energy use, and to 

reduce the demand for energy in Northampton can enable further 

economic growth and increased electricity use by residences to 

occur with no net growth in energy con~umption. Succeeding chapters 

explore the current i:!Hlcl!:!ncy of energy use in Northampton, the 

conservation potential in the city, ~vailable resources for P.nP.rgy 

self-sufficiency, and present planning efforts. 
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Chapter Six 

Energy Quality and End Use 

In Chapter Three, the amount of energy presently consumed in 

Northampton by the various sectors was determined. Although 

results of the calculations were particularly helpful in corn-

putations concerning· the amount. of money spent on energy in North-

arnpton, i~ is important to further expa~d the description of 
I 

energy use in the city. Specifically, theeriergy profile developed 

thus far has not taken into consideration that between t:he tim.:: a 

fuel is first counted at a mine or well and the time the fuel 

arrives at the point of use, energy is· "lost" in the distribution or 

conversion of the fuel to a useful and convenient form~ It is 

necessary to assign overheads that take into account energy lost 

in distribution and conversion processes in order to accurately 

evaluate the amount of "primary" energy. 

In addition, this chapter represents an attempt to quantify and 

be as specific as possible about the different purposes for which 

energy is used in Northampton. Approaching energy consumption from 

the viewpoint of the "end use" of the energy, rather than of the fuel 

types presently used, creates a very different impression of what 

kinds of energy are actually needed to perform the tasks being done 

in the city. This approa~h emphasizes that energy has a "quality" 

associated with it and that energy systems should be designed to 

match the quality of energy beingused with the heat or work 

requirements of the tasks that need doing.
1 

By examining energy 
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consumption from the end use structure, it can be demonstra,ted 

that there is a significant difference between the amount of energy 

presently consumed in Northampton and the amount of energy that is 

actually needed to perform the work that is being done. 

Primary Energy 

The most dramatic losses of energy between prin~ry sources 

and end uses occur in the generation of electricity, since a con-

siderable loss of thermal energy occurs when chemical or nuclear 

energy is converted tn electrical energy. Although there are other 

energy losses involved in the distribution or transportation of fuels 

such as oil and natural gas, these losses have not been incorporated 

into our analysis of primary energy consumption because they tend to 

be smaller than other losses and can be difficult to identify and 

.f 2 quantl. y. 

When fossil or nuclear fuels are used to .produce electricity, 

about two-thirds of the energy used is lost in conversion and 

generation processes. 3 Similar energy losses are not involved in 

hydroelectric generation because hydropower is much more efficient. 

In Northampton, 82% of the electricity is presently generated from 

nuclear or fossil fuels, while the remaining 18% is supplie~ by 

4 hydropower. In Table 6-1, the current electricity consumption in 

Northampton is compared with the total primary energy used to produce 

the electricity. It is shown that the total primary energy needed 

to supply the electrical energy used in the city is about 2.6 times 
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TABLE 6-1: Primary Energy Consumption for Electricity, Northampton, 
Massachusetts-1977 (loll BTU/year) 

Electricity 

Residential 2.1 

Industrial 1.1 

Gonnnercial 2.8 

TransportAtion 0 

TOTAL 6.0 

Total 
Primary Energy 
Used For Elec. 

5.6 

2.9 

7.4 

0 

15.9 

the amount of electricity that is directly consumed. 

The total 1977 Northampton primary energy consumption is 

presented by sector in Table 6-2, The oil, nAtural gas and gnc-

aline usage discussed in Chapter Three are presented in the table 

as direct fuels. The total amount of energy needed to generate the 

electricity used in Northampton is listed in the column labelled 

"electricity," .. and the total primary energy consumed by each sector 

is listed in the column labelled "total fuel". With the exception of the 
I 

transportation sector, the primary energy use totals presented in Table 

6-2 are considerably larger than the totals presented for each sector in 

Chapter Three, illustrnting the importance of determining primary 

energy consumption. The total amount of primary energy presently needed 

. 11 
to supply all of North~mpton's e~ergy demand is almost 64 x 10 BTU 

p~r year, or 213 megawatts (}~). This represents a per capita demand 
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TABLE· 6-2: Primary Energy Consumption, Northampton, ~fussachusetts-
1977 (1011 BTU/year) 

Direct Fuel Electricity a Total Fuel 

Residential 17.0 5.6 22.6 

Industrial .1.8 2.9 4.7 

Commercial 16.9 7.4 24.3 

Transportation 12.1 0 12.1 

TOTAL 47.8 15.9 63.7 

aConver.sion losses included. 

of 7.1 kilowatts (kH),or 24.1 x 103 BTU,as compared to the national 

average of about 11.5 kW,or 39.1 x 103 BTU. The difference is attribu-

table almost entirely to the absence of energy-intensive industry in 

Northampton. 

Energy Quality 

It has only recently become fashionable to emphasize the fact 

that energy possess~s both quantitative and qualitative characteristics.
6 

Various types of energy or fuel have different thermodynamic properties, 

ranging from the lowest quality energy of low temperature heat to the 

highest quality energy of electricity. A given amount of energy of high 

' 
quality can generally accomplish more useful work than the same amount 

of low quality energx. Energy is "wasted" whenever work is done by a 

higher quality or larger amount of energy than is needed. 

Ideally, energy systems .should be designed to match the quality of .-~he 
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heat or work generated to that which is required to perform the tasks 

that are done by the system. 

Conventional energy systems have done little to match the ap-

propriate type, or quality of energy with the work being done by the 

energy. In many cases, premium fuels and electricity are being used 

for many tasks for which their high energy quality is superfluous, 

wasteful and expensive. Amory Lovins has compared the tendency in 

traditional energy systems of creating temperature differences of 

thousands of degrees when .only tens of degrees are actually necessary 

to "cutting butter with a chainsaw. 117 One of the principal features 

of the alternative energy scenario developed in this study is the 

emphasis that is placed on the scrupulous matching of energy quality 
' 

with energy use. 

End Use 

In any city or town, many different types of energy are used for 

a variety of purposes. Some of the uses of energy in Northampton 

were discussed in Chapter Three. It is essential, however, that this 

energy profile of Northampton examine more closely the specific 

functions performed by the energy used in the city.. Once this is 

done, it is much clearer whether energy is required as heat or work, 

and if as heat, at what temperature. In Table 6-3, the primary energy 

consumed 'in Northampton is divided into the various cate.go:des of use 

that apply for each sector. It is shown in the table that with the 

exception of the transportation sector, space and water heating needs 

account for a large portion of the energy used by each sector. Items 
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TABLE 6~3: Primary Energy Consurnptign by Use, Northampton, 
Massachusetts-1977 (loll BTU/year) · 

Direct Fuel El · · a ect:n.cJ.ty 

Residential 
Space Heating 14.3 • 74 
Water Heating 2.1 .61 
Lighting, Appliances 3.9 

and Air Conditioning 
Cooking .55 • 34 

TOTAL 17.0 5.6 

Industrial 
Space &.~ater Heating 1.14 
Lighting, Hachinery 2.9 

and Air Conditioning ,, 
.70 Process Stearn & Direct Heat 

TOTAL 1.84 2.9 

Commercial 
Space & Water Heating 16.0 
Lighting, Machinery 7.4 

and Air Conditioning 
Cooking, Laundry and .95 

Miscellaneous Heating 

TOTAL 16.9 7.4 

TransEortation 
All Vehicles 12.1 

GRAND TOTAL 47.8 15.9 

aConversion.losses included. 

I-
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Total Fu,el 

15.0 
2.7 
3.9 

• 89 

22.6 

Ll4 
2.9 

.70 

4.7 

16~0 
7.4 

.95 

24.3 

12.1 

63.7 



that require electricity such as lights, appliances, machinery and 

air conditioners account for the bulk of the remaining energy con-

sumption. The grand totals listed at the bottom of Table 6-3 are 

the same as those listed in Table 6-2. 

The next step is to show how much of the primary energy listed 

in Table 6-3 is actually delivered and used at ·the various points of 

use. In Table 6-4, the 1977 Northampton energy consumption is 

presented according to the various end uses for which energy is needed. 

The five categories of end use presented in the table are based on 

the quality, or effective temperature of energy required by the task 

to'be performed. The definitions of these categories are a principal 

component of this study and the categories will be used during the 

rest of the study to identify energy use in the city. The amounts of 

direct fuel and electricity used in each sector for the various end 

use purposes are listed in the table. The total end use for each 

category is calculated by adding the amounts of direct fuel and elec­

tricity used in each sector and taking into account their overall 

effectiveness, or efficiency at the site of use. 

For direct fuels1 used for end uses other than transportation, 

we assume an overall efficiency of 70% since oil and gas-fired 

furnaces, boilers and water heaters generally operate at 70% efficiency. 8 

(This is actually a conservativ.e assumption since many boilers and 

furnaces are old and not particularly well maintained, resulting .in 

operating efficiencies that are considerably less than the optimum.} 

An efficiency of 20% is applied to primary energy use in the trans­

portation sector because only one-fifth of the energy supplied to the 
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TABLE 6-4: Enerry Consumption by End Use, Northampton, Massachusetts-1977 
(101 BTU/year) 

Low Temperature Space and 
Water Heating 

Residential 
Industrial 
Commercial 

TOTAL 

Cooking, Laundry and Miscel-
laneous Heating 

Recidcntial 
Industrial 

·commercial 

TOTAL 

Industrial Process Heat 
Direct Heat and Process 

Steam 

TransEortation 
All Vehicles 

Lighting, Appliances, Machinery 
& Air Conditioning 

Residential 
Industrial 
Connnercial 

TOTAL 

GRAND' TOTAL 

Direct 
Fuel 

16.4 
1.14 

16.0 

33.5 

.55 

.95 

1.50 

.70 

12.1. 

47.8 

Energy 
Delivered 

11.5 
.80 

11.2 

23.5 

0 39 

.67 

1.06 

.49 

2.4b 

27.5 

Electricity 

.51 

.51 

.13 

.13 

negligible 

1.5 
1.1 
2.8 

5.4 

6.0 

Total 
End Use 

12.0 
.80 

11.2 

24.0 

.52 

.67 

1. 

.49 

2.4b 

1.5 
1.1 
2.8 

5.4 

33:.5 

aAn efficiency factor of .7 is applied to all uses except transportation. 
A factor of .2 is used for transportation. 

b 
See text and footnote 10 for connnents concerning the usefulness and 
importance of this number. 
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internal combustion engine presently used in vehicles is ac~ually 

9 10 obtained as mechanical output. ' Electricity is considered to be 

100% efficient at the site of use, although considerable losses of 

energy are involved in the conversion and generation of electrical 

energy. ·(This is another conservative assumption since many elec-

trically-powered appliances and machinery lose a 'considerable amount 

of energy through waste heat.) 

In Northampton, the total end use of energy for space and water 

heating is 24 x 10
11 

BTU per year, or about 80 MW. Although a small portion 

of this is presently supplied by high quality electrical energy, the 

heating of space and water included in this category is a relatively 

simple process that can be done entirely with low quality heat:'energy.' 

Space heating may be described as the task of sustaining the 

temperature inside a building at a temperature somewhat higher than 

that of the surrounding environment. Although sume L:limates 

are colder than others on an absolute scale, the interior of a 

building is really kept only a few degrees warmer than 

the exterior environment. Water heating occurs at temperatures slightly 

higher than those of space heating, but in general the process involved 

can be similarly viewed as one requiring relatively small changes in 

temperature.· Northampton's use of energy for low temperature space 

and water heating has been divided into two categories, each identified 

with a different temperature range. ·The first category refers to space 

and water heating to 70°C (158°F). '·All space ~eating ~nd mo$t water 

heating a~e accounted for by ~his category. The second category ref~rs 

to water heating between 70°C and 100°C (158°F to 212°F) and ap.plies 
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to such uses of hot water as restaurant dishwashing. While it is not 

known exactly how much water heating the second category involves, 

our research indicates that it is reasonable to assume that it is 

considerably less than 10% of all space and water heating. 

The Cooking, Laundry and Hiscellaneous Heating category in Table 

6-4 refers to relatively low temperature proce~ses that are used in 

Northampton by the residential and commercial sectors. The total end 

use of energy in this category is presently only 1.18 x 1011 BTU Per 

year, or about 4 MW. A small portion of this (about 11%) is cur-

rently unnecessarily supplied by high quality electricity. 

Water heating, direct heating and steam ·generation at temperature.R 

0 0 above 100 C (212 F) comprise energy use in the Process Heat category 

of Table 6-4. The industrial sector consumes most of the processed 

heat used in Northampton although a few commercial establishments, such 

as the hospitals and Smith College, do use some steam. It is known from 

;interviews with representatives of various industries in Northampton 

(most of which are manufacturing firms) that the production processes 

,,used in each establishment are not particularly speri ;~ U zed or Qnergy 

intensive. Np industrial energy consumers appear to use heat in 

0 0 their various processes at temperatures above 235 C (450 F), and there 

is only a small demand for steam generation. The total end use of 

energy included in this category is presently only 4.87 x 10
11 

BTU per 

year, or 1. 63 HW, a small portion. o'f which is presently supplied 

by electricity. 

The end use of energy for transportation in Northampton currently 

totals 2. 4 x 1011 BTU per year, or about BMW. (See Table 6-4) . While this 
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figure is appropriate to the present discussion of current energy 

use, it is important to point out that this number will be treated 

differently from the other end use totals in further analyses of 

transportation energy needs in Northampton. In Chapter Eight, the 

miles travelled by Northampton residents for local transportation 

will be evaluated and a new system using different modes of 

transportation will be proposed for the city. 

Items that require the versatile and high quality e!lergy of 

electricity are included in the Lighting, Appliances, Machinery 

and Air Conditioning category in Table 6-4. The total Northampton 
• • 

end use of energy included in this category is quite small at about 

5.4 x 1011 BTU per year, or approximately 18MW. A large 

portion of this energy is used by the commercial sector for lighting 

and cooling needs. 

A summary ~f the end use of energy in Northampton is displayed 

in Table 6-5. The total amount of energy needed to perform the tasks 

presently being done in the city is 33.5 x 1011 BTU per year, or about 

112 MVl. This is only 53% of the total primary energy of 63.7 x 1011 BTU 

per year, or about 213 MW, presently needed to supply Northampton's 

energy demand. This is a very significant difference and illustrates 

the importance of examining end use demand. 
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TABLE 6-5: Summary ·of Energy End Use, Northampton, Massachusetts-1977 

Low Temperature Heat 

Cooking, Laundry and 'Miscellaneous 
Heating 

Industrial Process Heat 

Transportation 

Lighting, Appliances, Machinery and 
Air Conditioning 

TOTAL 

aRounding errors not corrected. 
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BTU x 1011 

24.0 

1.2 

.49 

2.4 

5.4 

33.5 . 

MW % of Total 

80.2 71.6 

4.0 3.5 

1.6 1.4 

8.0 7.2 

18.1 16.1 

111.9 



Summary 

Energy use in Northampton has now been examined from a variety 

of perspectives as displayed graphically in Figure 6-1~ In Chapter 

Three, the amount of ener:gy consumed directly by the residential, 

industrial, commercial and transportation sectors in 1977 was deter­

mined to be 53.2 x 1011 BTU per year, or 177 MW. It has been estimated 

in this chapter that when energy losses involved in electricity genera­

tion are accounted for, a total of 63.7 x 10
11 

BTU per year,or 213 }M of 

primary energy are needed to supply the city's demand for energy. 

However, by examining end use effectiveness, it has been estimated that only 

. 33.5 x 1011 BTU per year, or 112 MW of energy are actually presently used 

to perform the various end use tasks. Since transportation energy use 

will be approached from an ent~rely different perspective in Chapter 

Eight, transportation.end use can be factored out of the 112 }M 

total presented in Figure 6-l.When this is done, the total 1977 North-

ampton end use of energy for all purposes except transportation is 

31.1 x 1011 BTU per. year, .or 104 }M. 
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Footnotes 

1. The concept of end use energy has been defined and discussed 
in a number of different energy studies. Amory Lovins is 
perhaps the person most identified with the concept. His book, 
Soft Energy Paths: Toward a Durable'Peace, Cambridge: 
Ballinger Publishing Company, 1977, is often cited in discussions 
of end use energy. 

2. For further discussions of the energy losses involved in the 
distribution and transportation of various fuel types, see 
R. H. Socolow, The Corning Age of Conservation, Cambridge, 
England: Energy Research Group, University of Cambridge, 
February 1977. 

3. Lichtenberg, Allan J. and Schipper, Lee, "Efficient Energy Use 
and Well-Being: The Swedish Example ",·science, Volume 194 (Dec­
ernber3, 1976), p.1012. 

4. Interview with Ed Hingfield, District :t-lanage:r, Massachusetts 
Elec.t:r.:tc Company, Northampton; Massachusetts, June 16, 1978. 

5. National figure based on figures in Robert H. Romer, Energy: 
An Introduction to Physics, San Francisco: W. H. Freeman and 
Company, 1976, p. 601. 

6. The change in approach to energy use is based on the First and 
Second Laws of Thermodynarnicswhich state that energy must lJe 
evaluated on the basis of its quality, or level of entropy. 

7. Lovins, Amory. Soft Energy Paths, Cambridge: Ballinger Publishing 
Company, 1977, p. 40. 

8. Romer, Robert H. Energy: An Introduction to Physics, San 
_Francisco: W. H. Freeman and Cumpany, 1976, p. 163. 

9. Ibid.,p. 149. 

10. wbile it is useful to this discussion to determine the present end 
use of energy in the transportation sector; it must be emphasized 
that we are especially concerned with the miles travelled for 
local transportation. See Chapter Eight. 
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Chapter Seven 

Planning for Changes in Energy Use: Conservation 

Maintaining the current supply of energy to Northampton, even 

without growth ·in energy consumption, will continue to be a major 

drain on the economy of the city. The cars, appliances, and houses 

that were built in a period of low-cost energy have·become t.oo 

expensive to continue to oper.ate, yet are too exp-ensive to throw 

1 away. Conservation is an effective approach to reducing the risky 

dependence· on .energy imported from other areas. It is an essential 

first step toward energy self-sufficiency. The top priority of any 

attempt to formulate an energy plan is to examine the potential for 

·conservation. 

Conservation entails the transfer of a substantial amount of 

capita] from investment in_ energy supply to investment in conserva­

tion measures. 2 Conservation can be thought of as an energy resource 

because it makes energy available that would have to be generated in 

some otli~-r way. 
// 

Producing energy through conservation.is safer, more 

reliable, and less expensive than generating energy from any other 

3 sourc?. .. 
·A recent stuqy entitled New England Energy Policy Alternatives 

' ' concluded that a strong conservation effort in the region's commercial, 

residential, and industrial sectors can create.as many as 50,000 jobs, 

increase regional production by $2 billion, and reduce energy costs 

to the region by $1.4 billion annually. Their findings further 
I 

indicate that "economically-efficient and attainable conservation · 
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4 measures can reduce New England energy use by almost 30% by 1985. 

The advantages of conservation have prompted former Governor Dukakis 

and the Hassachusetts Energy Office to declare that "conserv,?tion is 

not only our best energy alternative, but our best economic strategy 

5 
as well". Conservation is a key feature of the energy policy which 

6 has been developed by the state over the past three years. 

Several studies have examined the energy use patterns of other 

industrialized countries in order to ~ssess the potential for con-

servation in the United States. Sweden, which has a similar per 

capita income and per capita production of basic industrial com-

modities as this country, HRP.A only 60% as much energy to genera.Lt: 

each dollar of Gross National Product.
7 

Adopting some of the con-

servation strategies of Sweden, including the use of smaller cars, 

tighter buildings, and the utilization of process heat in cogenera-

tion or district heating systems could reduce energy use in the United 

States by 30%. 8 
These figures indicate the tremendous potential for 

decreasing energy consumption in this country which could occur with-

out any sacrifice in living standards. 

Conservation in the United States can result in substantial 

energy savings in every sector. Estimates range from .reductions of 

. . 9 30-80% of present energy consumpt1on. The lower figure is particu-

larly relevant in the short term, and includes such measures as insula-

tion and more efficient burners, as well as incremental changes i:n 

behavior. These measures entail lowering the amount of energy used, 

or the energy intensity, for any particular good or service. This 

involves improving efficiencies, su~stituting other resource inputs 
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10 
for energy, and changing habits .and operating procedures. 

Conservation is a continuing process, involving energy prices, 

consumer preferences, government policies, technological develop-

ments, and the rate of turnover of capital stock. Over time, con-

servation means shifting to other goods and services which perform the 

same task, but which require less energy .. Higher estimates of the 

potential for ener~y conservation presuppose more efficient energy 

supply and utilization systems. 

Conservation in Northampton 

Examining the potential for conservation in Northampton is an 

integral part of developing an energy plan for the city which is 

bas·ed on energy self-reliance. The previous chapter noted that 

more efficient supply systems could reduce end use energy significantly 

by being better matched to the task. In addition to this end use 

efficiency, this study advocates that a reasonable and feasible con-

servation effort in Northampton be aimed at reducing ~nergy con-

sumption by 30% in the combined residentiai, industrial, and com-

mercial sectors. More substantial savings must be made in the transpor-

tation sector. These proposals are based on an evaluation of other 

studies, and a-knowledge of energy use patterns and building character-

istics in Northampton. This section will discuss current "conservation 

efforts in the city, and suggest areas for major energy savings in the 

residential, industrial, commercial and transportation sectors. 

; 
'-
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Residential 

Space heating accounts for 76% of the end use energy used in 

Northampton's residences, while water heating, cooking, lighting, 

and appliances accounts for the rest. Energy-efficient appliances, 

low-flow water fixtures, and the use of gas and electric lighters in 

place of pilot flames, represent significant areas of energy savings 

for households. Clearly, the focus of a residential conservation 

program should. be in reducing space heating needs. Some conservation 

in Northampton's residences has already taken place in response to 

rising oil prices. The Hampshire County Energy Conservation Analysis 

Project (ECAP) found a conservation potential of 44% in the North­

ampton homes they audited. 11 In a follow-up survey of the homes that 

were audited by ECAP, 85% of the Hampshire County respondents had made 

1 . k . . . h . h 12 or were p ann1ng to rna e conservat1on 1mprovements 1n t e1r omes. 

Although the people answering th~ ECAP survey generally were not 

in the low-income category, a large proportion would have been more 

willing to make conservation improvements if given financial incentives 

such as tax ·credits or low-interest loans. 13 For those on low or fixed 

incomes, the initial costs of conservation are even more prohibi-

tive, and credit is difficult to obtain. It is estimated that 18% 

of Northampton's population have incomes of less than $5,000. 14 These 

people often live _in structures that need substantial upgrading, and a 

high percentage of low· income people live in rented homes. 

The Hampshire Community Action Commission, an advocacy agency for 

the low-income community in Northampton, runs a fuel assistance and 
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weatherization program for Hampshire County. This year, the group 

has put together a fuel bank with contributions from local oil 

· and banks. 15 Whil · · 11 d · d i compan1es e or1g1na y es1gne as a commun ty 

. d d . 16 organ1zer an ~ vocacy agency, the Hampshire Community Action 

Commission is often forced to rely heavily on emergency and stopgap 

meas\lres. 

The major impetus for residents to conserve energy is the cost 

of not conserving. In fact, at the individual homeowner level, 
/ 

investment in conservation may generate a higher rate of return than 

any other investment available, earning from 20-40% in saved fuel 

17 
costs. However, several institutional and financial barriers 

inhibit residential conservation. "At this time, no Northampton bank~ 

participate in the voluntary state program of low-interest loans for 

. h . 18 energy conserv1ng orne 1mprovements. In addition, many people in 

Northampton live in rented homes or apartments. They often find land-

lords unwilling to insulate, yet their leases are too short to provide 

incentive for them to insulate by themselves. 

Individually, then, efforts to conserve energy are hindered by 

lack of information, financing, and control. It seems clear that a 

community effort to reduce energy consumption along with a commitment 

to achieve energy self-reliance would be more effective than actions by 

single individuals. Action on a neighborhood, tenant organization, or 

' 
group level facilitates participation and the coordination of individual 

19 resources. Information and skill-sharing through tool-loan programs, 

learning exchanges and workshops are methods for increasing energy 

awareness and encouraging the adoption of conservation measures. 
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Groups could either hire technicians or be trained themselves to 

conduct energy audits. These heat loss surveys would measure the 

thermal characteristics of buildings, along with the appliance use 

of the residents and personal consumption habits. 

Collective action would .also be advantageous financially. 

Groups could engage in the bulk purchasing of insulation and the 

joint ownership of major appliances such as snowblowers or lawrtmowers. 

Groups of people may have more access to credit and would find it 

easier to take conservation steps based on life-cycle costing. 20 

Energy-efficient products often-entail higher initial cost and lower 

operating costs, as tor example, insulation. Citizen groups could 

I . , 
also prod municipal governments 1nto energy-efficient planning and 

legislation. In short, neighborhood conservation strategies ma~e 

sense, because they are site-specific, face-to-face,and based on local 

d . d 21 resources ~n att1tu es. . 

Industrial 

The larger of Northampton's industries are located in old, br.ick 

factories which are lined with large windows and which consist of one 

big working area per floor. The medium sized companies are in newer, 

one-story flat buildings which resemble warehouses. They have little 

insulation. Major energy savings can be achieved in the industrial 

sector through retrofitting existing buildings, replacing worn out 

equipment with more energy-efficient machinery, increasing waste heat 
I 

recovery, and cogenerating process steam and electricity. 
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Most of the industries visited in this study have spent little 

time and not much money on conservation. A few companies have 

installed high-efficiency burners and have insulated windows and 

walls •. Most of the industries have concentrated on turning down 

thermostats, shutting off lights, shutting windows, and turning off 

idle machinery. We found these industries acutely aware of rising 

energy costs, but overshadowing their concern was a conservatism, 

and a predilection for incremental change and the short-term view. 

Industries are generally unwilling to put any capital investment into 

energy conservation measures which do not promise very rapid payback. 

For example, the National Felt Company has carried out several 

energy studies. One study exami~ed the feasibility of converting a 

gas boiler to low-grade oil, while another considered using waste hot 

water and steam for heating. The latter proposal was rejected because 

l."t d"d h d . d h . . d ?? 1. not meet t e es1.re t ree year payback per1.o . 

The Packaging Corporation of America makes corrugated containers. 

Because of exhaust fans and vacuums for scrap materials, the plant 

loses a lot of heat in the winter. The company has devised an energy 

quotient to monitor changes in energy used per unit of production. 

However, there has been no capital investment in energy conservation. 

The Packaging Corporation is one of 36 similar plants owned by Tenneco 

23 
and must wait for recommendations by the corporate engineering department. 

Pro-Brush, a division of Vistron, is the largest industry in North-

ampton, employing around 800 people. One official there estimated 

energy costs are about 8% of the company's operating costs. A con-

servation committee has succeeded in reducing energy use by about 6% 
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in the last two years, mainly by installing timers on oil burners, 

and covering windows with plastic. Pro-Brush is currently expanding 

its operations into an adjacent building. When asked if they had 

considered using alternative sources of energy for the building, a representa-

tive replied that the company's experts had looked.into solar heatin&, 

but had not found it to be worthwhile. 24 

Industrial reluctance to invest in conservation can be at-

tributed to several factors. First, energy costs are still low 

relative to the costs of capital and labor. Furthermore, industrial 

electricity and fuel prices are based on the average, rather than the 

incremental or replacement costs of energy. These companies still 

benefit f~om an inverted rate structure and they often fail to take into 

account that en~rgy prices will continue to rise. Perhaps most signifi-

~antly, their criteria for investment are stringent, and investments 

in conservation do not demand as high a priority as do product and 

i 25 26 
capacity needs. ' 

Industries generally lack adequate financial incentives to make 

significant conservation investments. They also lack information on 

the alternatives and possibilities. One industry spokesman noted that 

his company was q~ite willing to conserve, but that they didn't really 

know what to do. 27 

Conunercial 

In Northampton, an aggressive conservation program in the com-

mercia! sector is important, b~cause this sector already consumes the 

largest share of the city's total energy use. While most of the energy 
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is used for space heating, this sector also uses a lot of electricity 

for lighting and cooling. In Sweden's commercial sector, energy use per 

square meter is estimated to be up to 30% lower than in the United 

States, even without taking into .account the more severe climate of 

Sweden. This substantial disparity is attributed to differences in 

insulation, ventilation, building construction standards, and lighting.
28 

Conservation in municipal buildings is important to emphasize 

because it involves energy use which taxpayers pay for, yet don't 

control. An audit of 15 state buildings by the Massachusetts Energy 
\\ 

Office indi"C~ated a conservation potential of 30-40%, given additional 

capital investment in energy conservation and upgrading of·maintenance.
29 

A concerted effort to conserve energy is taking place within the 

municipal buildings·and private institutions of Northampton. The 

city's Energy Conservation Commission has studied energy use in 

municipal buildings, and pe.r.fomed energy audits on various schools as 

11 · · 1 b ·1d· 30 we as ·mun~c~pa u~ ~ngs. On the basis of the Commission's recom-

mendations, an Energy Conservation Coordinator has recently been hired 

with CETA funds, to study energy consumption in all city buildings and 

develop programs for conservation. 

The larger, private institutions such as the four hospitals, and 

Smith College use large amounts of energy and it is in their best 

interests to ,conserve as much as possible. They all have energy con-

servation committees. Cooley Dickinson Hospital .is looking into an 

alternative source of energy to supply its electricity and heating 

needs. The Hospital has applied for a grant to study the feasibility 

31 
of using Northampton's solid waste to generate electricity and heat. 
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Lighting, cooling, and space heating 'form the largest portion 

of energy use in retail stores. Much of the motivation for retail 

conservation is due to the high percentage ofoperating expenses 

32 represented by energy costs. The Massachusetts Energy Office estimates 

that savings ·of 30.,..50% are p·ossible .in many stores. 33 

Lighting efficiency in most stores can be improved substantially 

with very inexpensive changes. The Massachusetts Energy Office found 

that the payback period for most lighting improvements is from 6 months 

34 to 2~ years. Recommended improvements include sw~tching off un-

necessary lights, removing unnecessary lamps, replacing existing 

fluorescent lamps with reduced wattage, more ~fficient lamps, and 

3J changing from an incandescent light system to a fluorescent system. 

The efficiency of space heating and cooling systems can also be 

improved significantly. The older, smaller stores in the downtown 

area were built sturdily, but they have little insulation, and often 

very old heating systems which waste a lot of energy. They do tend 

to have lower costs per square foot than do the large malls and free-

standing stores built since 1950. The Massachusetts Energy Office estimates 

that most stores can save 20% of their energy costs throug~ such simple, 

inexpensive measures as maintaining the efficiency of equipment, and 

adjusting temperature settings. An additional 20-30% energy savings 

. . 36 
can result from a series of capital 1mprovements. 

Unlike the residential sector, which has conserved energy, the 

commercial sector in Massachusetts has so far not shown much energy 

37 awareness or reduced energy waste to any great extent. Last year, 

energy consumption in. the commercial sector actually increased by 4.4% 
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38 per degree day. The Massachusetts Energy Office believes that a strong 

conservation effort in this sector could mean·a savings of $75 million 

in energy costs.
39 

Yet, wasteful habits and lack of either knowledge 

or effective programs have hindered conservation in the commercial 

sector. An efficient, thorough conservation program for the private 

commercial sector is difficult to design, and it may be that local 

efforts, through the Chamber of Commerce, retail associations, and 

schools could be more successful than state or national attempts. 

Transportation 

The transportation sector in Northampton uses almost 23% of the 

energy consumed in the city. Other energy studies consis.tently 

demonstrate that 1 the energy efficiency of transportation can be 

increased substantially. For example, abandoning automatic trans-

mission would save 10% of fuel use in cars, while switching to radial 

tires would save another 10%. Additionally, reducing a car's weight 

from 3000 to 1800 pounds would cut doWn on fuel consumption by 25%. 40 

Beyond improving the efficiency of the private automobile is 

the possibility for providing alternative modes of transportation, 

and'encouraging city planning which reduces much of the current need 

for transportation. The potential for conservation in the transporta-

tion Sector is enormous. More than half of all auto trips in this 
..... . . ·, -41 

country are under five m~les. The definition of 'necessary driving' 

is arbitrary, based on land-use patterns which developed around the 

automobile, and a fervent identification of individual mobility, 

personal freedom, and even self-esteem. 
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The four business districts in Northampton are concentrated, 

with residential neighborhoods spread around them. It is precisely 

this concentration of activity which would make a public transporta­

tion system an attractive, viable, and energy-conserving alternative 

in Northampton. A model for such a system is described in the following 

chapter. 

Conclusion 

Improving the thermal efficiency of Northampton's residences, 

commercial buildings, and industrial establishments by 30% helps 

reduce low temperature heating needs in the city to about 55 MW. 

Improvements in the efficiency of lighting and cabling, particularly 

in the commercial sector, and in the energy-efficiency of household 

appliances, reduces the electricity requirements of Northampton to 

12.6 MW. The use of gas and electric lighters on stoves rather than 

pilot flames reduces end use energy needs for cooking, laundry and 

miscellaneous heating to 2.8 ~IW. The total ~mount of end use energy 

required in Northampton, after conservation and the implementation of 

a public transit system (transportation energy in Northampton is 

reduced to 10 Hl..J) is 82.5 MW. 

Although the potential for conservation in Northampton is greater 

than 30%, an end use demand for energy of 82.5 MW represents a clearly 

attainable and important goal for the city. For a 30% conserva.tion 

potential in the residential, industrial, and commercial sectors to 

be reached there is an obvious need to provide financial incentives and 

information. Also needed are organizations of people, effective pro-

grams, and coordinated efforts which can inspire participation. 
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PART THREE 

Northampton as an Energy Self-Sufficient Corrnnunity 

The problems associated with a decrease of community self-

reliance and local autonomy have been suggested throughout this 

stud~ l?hile cities are clearly limited in the extent to which 

they can effect state or national public policy, any city offers 

unique opport~nities for promoting basic, far-reaching changes 

within its own boundaries. Efforts by a city to increase energy 

self-reliance, for examp+e, can be aimed at "stabilizing the local 
/ 

economy, reducing living costs, allowing wiser use of local re-

sources, and/or regaining control of basic needs and life support 

2 
systems". Changes that increase local control over the production, 

tJ 
distributio~ and financing of energy supply can form the basis for a 

more politically decentralized society. 

·A redirecting of energy policy to encourage the developme~t of 
... 

smaller, more self-reliant units requires an evaluation of the physical, 

economic and political resources of the local corrnnunity. The following 

chapters examine ways in which Northampton's resources could be utilized 

for the goal of energy self-sufficiency. In Chapter Eight, the renew-

able energy resources available in Northampton are explored and systems 

which could be used to supply the city with energy are suggested. 

Although the-designs presented are quite general, they demonstrate 

various ways that Northampton could be approaching its energy future. 

Economic factors are a central consideration in the design of an 

alternative energy plan. In Chapter Nine, the capital costs of the plan 
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proposed for Northampton are examined and a general cost-benefit 

analysis is presented. Energy systems which are small in scale and 

as low as possible in capital costs have been emphasized to enable a 

variety of arrangements for their financing, ownership, and control. 

In Chapter Ten, several mechanisms for community ownership and 

financing of energy systems are described, the purpose being to assure 

that the economic benefits of the systems accrue to the local com-

munity. 

It is clear from interviews with members of the Northampton 

community that it is primarily the citizens who will motivate the 

implementation of an alternative energy plan. Largely based on these 

interviews, Chapter Eleven discusses current attitudes toward energy 

and suggests how various groups in the city can work to encourage 

energy self-reliance. 

In proposing that a small city become energy self-sufficient, . 

numerous questions are raised, particularly concerning the appropriate 

level at which energy policy.should be formulated and implemented. 

Furthermore, increasing the energy self-reliance of an area involves 

the interaction of many complex technical, political, and economic 

factors. Chapter Twelve represents an attempt to place the Northampton 

scenario within a broader framework, and to consider the many issues 

raised by this work. 

1For example, it has been suggested that the absentee ownership of 
industries by national and multinational firms can have significant 
negative effects on a local economy". Thes,e impacts include the 
export of a substantial amount of local profits to areas where the 
parent companies are based, corporate investment in activities located 
outside the community, and the lack of a sense of responsibility on 
the part of the parent companies toward a local community. 

2
Goldberg, David H. Defining Appropriate Technology: A Scenario 
of Community Self-Reliance. Northeast Regional Appropriate 
Technology Forum, School of Business Administration, University of 
Hassachuset.ts, Amherst, October 1975, p. 3. 
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Chapter Eight 

Design Alternatives 

The alternative energysystems proposed for Northampton are 

the resul~ of.? careful matching of the available renewable 

resources with the specific·demands for·end use energy in the·city. 

All of the alternati:ve energy systems presented for Northampton 

are based on ·the use of indigenous resources such as· sun, water, 

solid waste, organic waste, wood and wind. The advantages of using 

tqese renewable resources are that, in general, they are inexhaustible, 

environmentally benign; and low in cost or .free. Diversifi~ation· of 

energy resources and supply systems is essential because specific 
' 

end use tasks have varying requirements. 

Several c~iteria have been used in determining. the speci~ic 

design of the ·energy systems proposed for Northampton. The systems 

are virtually non--polluting and will not present a serious hazard 

to the community or environment. It is also hoped that· the construe-

tion phases will cause little harm to the environm~nt. The energy 

systems selected are relatively small in scale·and can be distributed 

r:hroughout the c:ity, thereby enhancing opportunities for community 

control. Moreover," a major priority has been placed on systems which 

are technologicaLLy si.rnple. The systems presented are not excessively 

complex o·r specialized, and can· be built, operated, and cn11ned by mernb'ers 

of the Northampton community. 

" As explained in Chapters Six and Seven, total. end use demand for 
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TABLE R-1: Proj e,:.ted Energy End Use,_ Northampton, Hassachusettsa 

End Use BTU 1011 
per year 

----------------

Co(lkinr,, L.::nmd·1~y, 

Miscellaneous Hea~ing 

lnduscrial Process H2at 

T run.sporta tio11 

~i~hting, Air C0ndi.tioning, 
;:..pr,lianct:s, )·it!ch.i.D.ery 

16.8 

• 8ft 

• 34 

3.0 

3.11 

MW % of Total 

.56 67.) 

:?..8 ·: ... :,. 

Ll L .·~; 

10 J?. .. . L 

L~ .6 15. j 

... _____________ , _________ _ ·-------·-····----·· .. ·-·-·-- ....... _, ________ _ 

T<JTAI. '2lt. 8 82.5, .wo::: 
-----------

'\\iter 30c% s .... ,,;tlg~ thro,.,ol-l c,·nser tJ .. .... - . . ,,, · . va ·.on. 

energy in Northampton, mice a 30% conservation poteni.::i.aJ ~LS i:<.~ken :i.nU.' 

account, is B2. 5 H\.J. The [ive end use demands are summ.:.lt'~i.?.ed in. Table I)·· .I.. 

An annual demand of 561-'IW for low temperature heat ·prov:i.d•!~> space and 

I 

water heating in residences, and 1.n most bu~lue~::; aud .i.ndu~~tri.ca. The 

dernatld for cooking, laundry, and miscellaneous heat:i.n.g .i.s :1.. B HH. 

TndnstriaJ pn:cess heat requires the leaf_;r. amount: of u~,:-~fu.l [?0\•ll':.r, 1.1 NH, 

to provide hiE.;;h t:.:.mpe.rat~t;re heat for the product.iou of good~'. 

JU 1'!1~- A d;~~;cr:L-pt.:i.nn :1.nd further discus:..i.on of the ;:·r:'i.''os~~r!. trans­
' 
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Figure 8-l 
Renewable R esources i n Northampton ·a , Mass. 
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needs equals 12.6 MW. (Adding the 10 MW required for the trans-

portation system, a total of 22.6 m~ is the useful power that is 

needed for electricity.) 

So lar Energy 

'Solar energy' i s such a broad term that i t l·e fe:.:·s to a ny t hin g 

from the relativ ely s imple bioconversion o f ;'!.gric u l tura l v.•.:J.s teB t o 

the highly complex process of beaming mie rowave radiat i on f"tom space 

satellites to the earth's surf ace . Th ere a r e a n umber of wayc '.ha t 

solar energy can be used for e lectricity pr o duction and f or spa ce 

and water heating in Northamp t on. Tt-lo metho dr~ r:.:v.~l! •lincd i n t h i s 

study are solar ponds and on-site solar system[:J. :'n l{::•.r t hamp t on, 

the average insolation, or the r ate a t which so l Ctr rad:i. ;:! til', tt ll:.~a ches 

the earth's surface, is e qual t o 150 watts per squa re rne t c ·c . 
1 

Solar Ponds 

A ~olar pond is a body of water t hat i s lined with either plastic 

or concrete ann which absorhR t h e sun' s ~nergy an l.l ~; t or t-• s it a L a 

0 2 
temperature of about 70 C. Some of the advantages of s ola r ponds 

are their simple desi gn, l ow c.os t a n d l ong t e rm stor age capacity . 

In addition, solar ponds a re conduciv e to c nmmunity base d or district 

heating systems. 

The function of the s olar po n~ s proposed for , No r thampton is to 

provide electric i ty and space a nd wa ter l1 eating for residences a nd 

other buildings in the ci t y . tve propo s e that snl.<tr· p c,H1s b.:~ us ed t o 
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provide almost all of Northampton's low temperature heating needs 

(56 megawatts) as well as a portion of the city's lighting and 

appliance requirements (1.15 MW) (The remainder of electricity 

needs will be provided by the solid waste burning plant 1 the low 

head hydropower facilities discussed below, and photovoltaic cells.) 

The space heating needs of Northampton can be met by pumping 

water directly from solar ponds through district heating systems. 

The district heating systems consist of a network of underground 

3 pipes which transmit hot water t? specific areas of the city. These 

systems can be very economical and convenient when used in areas of 

high population and building densities. (Sweden, for example, is in 

the process of installing district heating systems in many of its 

major cities.) To supply 100 homes with low temperature heat in 

Northampton, an average pond area of approximately 10,000 square 

l. 
meters is required. It would take about one year for such a pond to 

reach a steady state condition. Heat would then he extracted directly 

from the pond and circulated through a district piping system to 
5 

supply specific energy requirements. 

Electricity can be produced from hot water by Rankine cycle 

generators. These generators would be coupled to existing power 

lines or to an underground transmission grid associated with the 

district heating pipes. The generators use a common refrigerant, 

such as freon, to produce electricity with either a turbine or an 

. 6 expansion cycle cng1.ne. Hot water from the top of the pond would be 

used to vaporize the refrigerant and cool.er water returning to the 

pond would be used to condense the fluid. This means that the "waste 
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' heat" produced by the generating process is recycled to the solar 

pond, resulting in a net efficiency for the system of about 70%. 

There are many variations in the design of solar ponds. Some 

ponds are composed entirely of fresh water and are lined with black 

plastic, while others employ a salt gradient insulating layer which 

provides for better heat retention. Various features have an 

important effect on the temperature, efficiency, and size of a pond. 

A solar pond designed by A. Habl and C. Nielsen contains two -hori-

. 7 
zontal partitions. (See Figure 8-2) One partition is placed a. few 

centimeters below the surface of the water and can be made of a 

plastic such as Tedlar. The second partition is placed at a depth of 

one to two meters, separating the insulation layer of the pond from 

the convection zone. The bottom of the pond is painted black and lined 

with a material such as Hypalon, a matecial conunonly used in swinnning 

pools. 

As shown in Figure 8-2, the .layer of water above the first 

partition is fresh and the water located between the two partitions, 

or the insulating layer, is saline. This salt gradi.ent is maintained 

by pumping a brine solution int.o the bottom of the insulating layer and 

pumping fresh water onto the top of the layer .at the opposite end. A 

saline water run-off is located at the top of the in~ulating 

layer to keep the water level of the pond the, same. when maintaining 

the salt gradient. For an average size pond, Nielsen has shoW11 that 

the salt gradient is easily maintained and replenishment of the salt 

is needed only annually. 

The convection zone contains fresh \·mter. This :i,p to ul.low direct 

\ 
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removal of water into the district heating system, avoiding the 

corrosive properties of saltwater. Hot water for use in the district 

heating system is removed at the top of the convection zone and 

returned at the opposite end of the pond after use. The lower parti-

tion must be a stiff material, possibly glass or Kalwal, to overcome 

instability due to the buoyancy of the fresh water located below the 

denser saltwater. 

As solar ponds become large the cost of the salt needed for the 

insulating layer becomes a proportionately larger fraction of the total 

9 
cost of the pond, approaching and possibly exceeding 50%. Theodore 

Taylor has suggested another scheme in which an .inflatable plastic cover 

10 is used to insulate the pond. Taylor's esttmates suggest that this would 

be substantially less expensive than salt graJi~nts. 

Solar ponds could be located in neighborhoods where there is an 

ppen lot of 2.5 acres or ruote. For example, a solar pond could be 

situated in what is now an unused gravel. pit near B~rt's Pit Road in 

Northampton. It might also be feasible to convert.Fitzgerald Lake, 

a forty acre man-made lake, inl'o a group of solar por~ds by emptying 

it, adding graded partitions, covering the bottom and sides with black 

plastic liners, filling the ponds with water, and putting some sort of 

insulating layers on top of the ponds. (Se~ Figure B-1 for approximate 

locations.) The issue of safety requires some attention. Fences 

may need to be constructed around the·ponds to prevent unsupervised 

~hildren and animals from wandering into the area. 

We have estimated the land area required for these solar ponds 

~ 

·• 

• . 11 
to be approximately 7. 9 acres per megawatt for low temperature heat 
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FIGURE 8-2: 
a 

Cross Section of a Solar Pond 
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aBased on a design done by A. Rabl and C. Nielsen, drawing not to scale. 

and an PxtrA .'50 acres for the 1.15 MW of electricity. A total of approximately 

495 acres are needed to svpply all of the low temperature heat and electricity 

12 demand·s allocated for the solar ponds. As discussed below some additional 

land may be needed to supply the balance of the city's electricity demand. 
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On-Site Solar Ene~ 

.. 0 
Solar ponds can provide hot water at temperatures between 60 C 

and 80°C. This is adequate for all space heating and fo.r domestic 

water heating~ but some connnercial and industrial establishments will 

require water or steam at considerably higher temperatures. These 

needs can be met by electric water hea~ers which would raise the temp-

erat·ure of the input \11ater by the nece~sary amount. However, in 

many cases it may be more advantageous to use concentrating solar 

collectors and high temperature storage facilities to provide process 

heat in large quantities. 

·• 
The use of these systems has not been considered in any detail 

in this plan since they wHl represent only a small fraction of Che 

city's total energy use. Decisions concerning which systems are most 

,appropriat~ will occur on the basis of detailed assessments of special 

needs. These decisions will most likely be made by the individual 

in:dustries and institutions which require the, added c'apacity . 

. Anothe 1: potent,:i.a}. ust:~ of on-si tc so L!r energy involves houses 

or buildings located in :i.solated area~·. '-''tH~r.f! connect:i.tm with a district 

heating system is not economical. Such !n1ildings C<'uld combine passive 

or· active ::>olar sys terns with v:1rious storage C::Jpaci tie::; or w:Lth a backup 
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energy system, such as wood-burning stoves or furnaces. 

The end use demand for on-site solar ·systems is relatively 

small. Industrial process heat demand is roughly 1.6 MW. If it is 

assumed that 5% of the buildings in Northampton will not be connected 

to the district heating system, then between two and three megawatts 

of solar capacity are needed for all on-site space and water heating. 

Therefore, the total deniand for on-site solar systems is estimated to 

be between 3.5-5 MW. ·For purposes of cost calculations, a value of 4 M"..J 

is used in this study. 

Solid Waste 

The Northampton city landfill currently receives approximately 

80-90 tons of solid waste per day, or six pounds per person per day. ·13 

With this amount of garbage generated in Northampton, it seems logical 

l.Lt 
that it be utilized as a source of energy. Steam for high temper-

ature heat and electricity generation ·can be produced through the burning 

of solid wastes. The waste heat from this· process can also be reclaimed 

to meet low temperature heating needs. The features of the solid waste 

burning plant we propose are based• on plans to construct a "refuse to ertergy 

plant 11 at Cooley Dickinson Hospital in Northampton. The plant would 

burn Northampton's 90 tons of solid waste per day plus anothe!· 35 tons 

or more per day from surrounding comm\.mities. A plant of this sizr 
1 ,. 

could be built on approxinmtely three acres of land. ~ 

~ve have assumeJ that one-hnl f of the ~~~~c tul energy prod need by the plant 
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would be used to supply space and water heating n~eds, with the remaining 

half supplying electricity. The useful power potential for the pro-

posed solid waste plant has been calculated from information available 

in a feasibility study for a solid waste facility in Rockingham Gounty, 

16 
New Hampshire. In Northampton, the power available for electricity 

will be about 2.4 MW and a comparable an~unt of waste heat (2.4 MW) 

should be available for the. district heating system. 

Our first choice for a location for the plant is at the proposed 

site at Cooley Dickinson Hospital. This project would provide the 

Hospital with its space and water heatinr, needs and some electricity 

in addition to supplying Northampton High School and Smith's Vocational 

17 
School with low temperature heat. If for some reason, the Cooley 

Dickinson plant is not built, an alternative site in Northampton 

might be sought in the Industrial Park where energy from the plant 

could be utilized by industries located there. 

An advantage of a "refuse to energy" plant is that much less .. 
pressure is put on the city landfill. It is well known that many 

landfills in the commun.ities surrounding Northampton are facing po-

tential refuse disposal problems. AJ though there will sti1 l be a need for 

the disposal of solid waste residues i.n the landfill, the amount of residues 

will be substantially less than the initial soli.d wastes. Further-

more, the amo.unt of land required for the proposed solid waste burni.ng 

plant is less than that for a landfill. It may be easier to find a 

site for a;n. energy recovery plant than to find a site for a ne·w landfill 

when the t:reE;!,d. ·arises. Therefore, the possibility of burning solid 

wastes from Northampton am} from corranuni.ties surrounding Northampton 

is an attractive one. 
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It is important to note that Qf all the energy sources proposed. 

for N.orthampton, solid waste burnin~ is apt to be the most polluting 

form of energy production. In a city such as Northampton where there 

is very little not_iceable industrial pollution, it is Jikely that the 

burning of the solid wastes will generate some air pollution. However, 

the amount of pollution caused by the sol~d waste plant is les~ con-

centrated than that of a typical incinerator because much of the 

waste heat is being reclaimed to prov1de space and water heating. 

In order to res~rict the burning of ha~ardous pollutants, it will be 

necessary to separate garbage into paper products, ferrous materials, 

and orga~lc wastes. 

Organic Waste 

A renewable resource that can be produced from organic wastes 

is called biogas. Biogas is a mixture of methane and other volatile 

hydrocarbons mixed with carbon dioxide \vhich, in this case, is product::J 

from municipal sewage. Other organic wastes such as agricultural 

residues, lumbering residues, and organic material frou1 klt:du:!u·ge:nbagl:! 

disposals can be combined in an anaerobic digester. The specifics of 

the bi.ogas digestion process vary according to the organic ma'terials 

that are used, the amount of moisture contained in them, and the 

temperature in the digester. 

The Northampton Sewage Treatment Plant currently operates two 
,; r ~, 

biogas digesters. These digcGtcrs can produc.c enough biogc.ts to run 

themselves and to heat several new buildings planned for th8 facility. 
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The useful power from biogas produced at the sewage treatment plant 

is currently 2.3 MW. (This estimate is based on a total production 
18 

of twelve million cubic feet of biogas per year.· ) The potential for 

increasing the biogas supply exists since· oitly a small portion of 

the incoming sewage is presently used by the two digesters. With an 

end use demand for biogas esti~ted at 2.8 ~~, another 0.5 MW (end use) 

could be produced to meet the end use demand for cooking, laundry, 

and miscellaneous heating needs in Northampton. 

One method of increasing the energy content of biogas is to 

feed organic wastes such as agricultural residues and perhaps 

some lumbering residues to the diges'ters. The amount of agricultural 

land residues and lumbering residues in Northampton is. difficult to 

quantify since they are not utilized and distributed for biogas·con-

version at this time. Some 3300 acres of tilled land in Northampton 

(1500 acres of it being field corn) result in a substantial amount of 

19 
diffuse crop residues. Only small amounts of lumbering residues 

are useful because the lignin. in wood tends to resist the fermentation 

process which may result in blocking the digestion of the organic 

20 
wastes. Therefore, lumbering residues might be better suited for 

burning in the proposed solid waste plant. After the digestion pro-

cess has been completed there are often residues that are indigestible. 

These residues can be sold for use as agricultural fertilizer. 

A possibility for increasing_ the bic,gas ~;;upply in Northampton is 

to utilize the biogas routinely produced by the solid waste burning 

plant mentioned earlier. Biogas can also be pr~cured from the de-
.. 

composition of residues in the city landfi.ll. · In addition tu the 
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sewage treatment plant, the solid was.tei burning plant and the land-

fill could be connected with the pipes that currently supply 

21 
natural. gas ·tQ many Northampton residences and buildings. (More 

extensive natural gas pipi,.ng could be added when the distriGt heating 

pipes were installed.) The amount of biogas that could be generated 

from the proposed solid waste plant and the landfill is unknown. 

However, these two sources could definitely supplement the 

biogas supply from the sewage treatment plant. 

· Wood Energy 

With a total of 12,000 forested acres in Northampton it seems 

essential that a portion of the forest land be carefully managed 

22 
and harvested·. Unmanaged wood lot's or areas that are clear cut 

only hurt the future of wood as an energy sourc~, and can damage the 

ecology of the forested areas. With a population of 30,000 residing 

on a land area of 2000 acres, ·the population is highly concentJ:"ated 

in a small portion of Northampton, This implies that the burning of 

wood for space heat should probably be restricted in hi.gh density areas 

. I 

to limit air pollution. Therefore, wood-burning in large numbers 

of residences, businesses, or industries is not encouraged in this 

energy plan except for areas·located outside of district heating 

systems. 

Any wood not utilized for the purpose of heating individual 

buildings can be harvested for burn:l.ng in the proposed· refuse to 

en~rgy plant. If 5,000 cords of wood were burned in·the solid waste 

plant per year, the useful power available 
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the 1.6 MW is added to the 4. 8 UU of power produced by. the solid 

waste burriing plant, a total o·f 6. 4 MW could be provided by bi.1rni.ng wood 

and solid wastes. More lot<~ temperature heat supplied through distri.ct 

heating by_solid waste and wood burning would put less demand on the 

solar ponds, and. r-educe the total land area needed for the' ponds •. 

Hydropower 

The potential for small hydropower dams on the Mill River in 

Northampton is currently being examined by a local engineering and 

planning firm, Curran Associates, Inc. The firm has recently re-

ceived a grant ~rom the U. S. Department of Energy to study the 

feasibility of developing low head (under 65 feet) hydroelectric ~ower 

24 
at five existing dam sites. Methods of generating electric power 

.at the existing SiteS 'Will be asse~:;sed in Lhe stuuy on th~ basis of 

' 
the type and size of the units, the capital costs involved in their 

development, and an estimate of their power potential. The costs 

. 
and benefits of the potential hydroelectric developments will he 

. 2~ 
evaluated and th~ir enviro~ental impacts wi~~ be assessed. 

The f:J_ve existing non-hydroelectric impoundments lie.within a 

6.5 mile stretch of the Mill Rivet. The. river falls 240 feet in this 

stretch and has an average flow of 94 cubic feet per second (cfs). 

The maximum flow of the river is 6300 cfs and the minimum flow is 

26 
2.2 cfs."n The .total expected electrical g(;!nerating capacity is ~ap-

27 
proximated at 1 mega~att. The generating capacity would peak 

1.37 



during spring when the flow rate is generally highest. This seasonal 

increase in generating capacity is helpful because it would 

supplement electricity production at the solar ponds during a time 

when the ponds are apt tp'be operating least efficiently. 
28 

The potential for municipal ownership of the hydroelectric stations 

is being examined as part of the feasibility study. Only one of the 

five dams is presently owned by the city. Owners of the three private 

dams have written to the Mayor stating that they are willing to 

donate the dams and small pieces of adjacent land to the city. The 

fifth dam is located at Paradise Pond on the Smith College campus. 

Representatives of. the college have state.d that they. are "keenly 

interested" in working out an arrangement with the city should it prove 

reasonable to develop the.dam. If the feasibility study is positive, 

Northampton could soon have a renewable resource operating to supply 

about 8% of its lighting and appliance needs. 

Wind Energy 

Wind is another renewable resource that can potentially be 

harnessed to provide electricity. Prior to implementing any sort 

of wind energy sys~em, detailed data must be obtained on prevailing 

' w·ind directions, average wind velocities, and the micro-climate and 

topogr~phic characteristics of the proposed wind sites. 

It was originally hoped that wind power would supply between 

1-10 megawatt.s of electricity to Northampton. Further research 

revealed a number of reasons why a greater reliance on wi.nd power is 
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unfeasible for the city. ltost importantly, the average wind 

velocities recorded in or close to Northampton have generally been 

29 
below 11 miles per hour. Such low velocities require that wind 

generators be excessively large when significant amounts of power 

are needed. For example, a 1.5 megawatt wind machine is enormous, 

requiring blade diameters· of over 250 feet. The tower height for 

this type of machine is over 300 feet. If two or three 1.5 megawatt 

machines were built, they would have to be placed about .7 miles 

apart from one another. This requires the clearing of significant· 

amounts of forested land and could be very expensive. In addition, 

there are aesthetic problems associated with placing such large 

towers close to a small city. Decisions cot:tcerning the use of small 

wind systems will most certainly be made on an i.ndividual ba·sis. 

Although wind does not appear feasible as a major source of energy 

in Northampton's future, it is possible that small business or home-

' owned systems will be installed for back-up or for specific appliance 

and machinery needs. 

Photovoltaics 

The local production of an adequate amoun·t of electricity is 

certainly the most difficult task faced by a system based entirely on 

renewable resources. The combined output of the solid waste facility, 

solar pond generators, wind generators, and hydropower units averages 

to 4.5 w~. However our scenario assumes an average demand of 12.6 MW 

for lighting, machinery, and appliances, and our tran~portation sys-

tern may require as much as 6 ~ extra capacity (see Transportation). 
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Therefore, depending on how generous one is in the transportation sec­

tor, and on how seri6usly the efforts at conservation are carried out 

in the other sectors·, we find ourselves. short anywhere from 9 to 14 MW 

of capacity. Photovoltaic generation seems to be the only option re­

maining within the constraints we have set ourselves. 

The best way to use photovoltaics in our system would be in a co­

generation configuration coupled to the solar ponds. Water from the 

convection layer of a pond can be used to cool the photocells and then 

pumped back into the pond where the _heat can be stored for later use. 

A substantial area devoted to photovoltaics would therefore reduce the 

area needed for ponds, theTf~hy :mi ti eating to somo en tent the high cost 

of the photocell arrays. If we assume that 60% of the energy incident 

on the photocells can be du~ped into the ponds, then the heat storage 

rate will be 5 or 6 times the electricity generation rate (at l~lo 

efficiency), and 12 MW of average electrical capacity could in fact 

provide essentially all of the low temperature heat demand. This would 

seem to eliminate the need to use ponds as collectors at all and rele-

gate them to pure storage duty. This suggests that the photovoltaic 

arrays might occupy the same area as t~e ponds, possibly floating on 

top of the ponds on insulating platforms. If this eliminated the need 

for a salt-gradient layer the cost of the ponds would be even more 

substantially reduced. To explore all of these possibilities is beyond 

the scope of this paper, so' we will simply adopt for our scenario an 

average generating capacity of 14 MW of photovoltaic cells (1.23xl08 

kwh/yr). 

we must also provide for short term storage of electricity if the 

city is to be independent of the utility grid. A reason~bly generous 
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storag~ capability would be 200 Mwh, which could supply peak demand for 

at least 8 hours. The transpor~ation system provides an excellent star-

age facility if batteries and/or flywheels are used. Again this helps 

to share the capital costs of the storage system between electricity 

generation and transportation. 

Transportation 

As noted in previous chapters, the current transportation 

system relies almost entirely on inefficient private vehi.cles. 

If Northampton is to become truly self-s1.1fficient in its energy 

supply, it is clear that drastic changes mtist be made in present trans-

portation patterns. In this study, a preliminary proposal is made 

for an electric public transportation sy~tem and for cor1verslon to tl1e use 

of electric vehicles for comffiercl..~l and pr·rsonal use within the ci.ty 

limits. Problems· associated with intercity transportation whether 

by automobile~ train, bus or aircraft should be treated on a regional, 

state or national basis and are therefore not appropriate for a study 

of local self-sufficiency. 
l 

Since Northampton is a conunercial center for the surrounding re--

gion, it is in the city's interest to provide a convenient means 

for people to get to ·the shopping areas. We estimate that· !~0 miles 

of electric bus route would provide convenient and ac.cessibl.e service 

to a majority of Northampton residents as weJl as to those lJving in 

surrounding towns. The proposed electric bus systelll could be powered 

by overhead or underground transmission lines or by batteries. Tf 

batteries were used, ·provision must be made for substantial 

charging facilities and the use of interchange;:iblt~ battery packs so 

that buses are not immobilized for long periods to c:ha·rge batterie.s. 
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At some point, it may prove feasible to use electrically produced 

hydrogen as a fuel, but until further.research increases the ef-

ficiency of this process it is less promising than the other options. 

The proposed system is illustrated in Figure 8-3. Buses run 

along the current Pioneer Valley Transit Authority (PVTA) route along 

U.S. Route 9 from Williamsburg to Amherst. We suggest that the cur-

rent proposal for a King Street shuttle service (see ChapteY 10) be 

adopted and that another shuttle connect downtown Easthampton with 

downtown Northampton. ·Finally, we propose a circle route running 

along Westhampton Road to Florence Road to Burts Pit Road and Ryan 

Road and back to Florence Road. This route provides service to the 

western parts,of the city. The total length of this system is slightly 

less than 40 miles. 

If buses ran every. fifteen minutes, from 6 a.m. to 

6 p.m. and every 30 minutes from 6 p.m. to 6 a.m., roughly 30 buses 

would be in service at peak use·periods. Allowing time for mainte-

nance and extra buses for emergencies anrl special events, a fleet of 

50 buses should be· adequate. It is estimated that. the buses will 

travel6000 vehicle miles per day, and that the primary energy demand 

4 
is 4.1 x 10 BTU per vehicle-mile travelled. (This figure~ Js com-

bl h ff .. f 1 db ).JO,JJ. para e to t e e 1c1ency o · current y use uses. This equals 

a total energy demand of 3 HW ft)r the public transportation system. 

It is believed that this figure fs conservative because electrically 

powered buses are at least as efficient as diesel buses, even if 

batteries are used .as the power source. If a system were ·adopted 

which used transmissio·n lines and buses equipped with flywheel storage 

systems, substanti.ally greater efficiencies and consequently lower 

32 
energy use would result. 
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Since it is hoped that the public transportation system would 

satisfy most of the demand for local transportation, it is almost 

impossible to estimate local commercial and personal vehicle use. 

In addition, there is the option for the city to restrict personal 

vehicles, W~ assume another 6000 vehicle-mi.les per day of pP. rsonal 

and commercial traffic and estimate that this would require another 

3 NW of electric capacity. Given the uncerta inties associated with 

transportation, we allocate a generous <tnlC'unt of 

transportation demand. 

Summary 

MW for the total 

Each renewable resource has been matched with (a) specific end 

us~ (s). The proposed energy systems have been based on the current 

end use energy demand presented in Table 8-1. Examining the Primary 

Energy-End Use Energy Flow Chart (Figure H-4), it is pos s i bLe to trace 

the tasks performed hy each resource. 

The maj ority of a ll low temperature heating needs (56 MW) will 

be supplied by sola r ponds. A small portion of lm1 tempera ture h eat 

(approximately 7 Hh1 ) i s supplied by on-s.ile sol a r systems U• N~/), 

solid wastes (2, /~ !:1W), and wood (0.8 MW). The 7 MW provided by 

these three sources reduce the demand put on so lar ponds for l ow 

temperature heat. 

Lighting, appliances, and machinery require 12.6 ~M of useful 

pow~r. The electricity generated form the solar ponds can provide 

1.1s MW, and the remainder ~f the electricity demand is distributed 

among on-site solar systems, wood and wind energy (both much less than 
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1 ~M, the solid waste burning plant (2.4 MW), and hydropower (1 MW). 

The balance of the 12.6 MW and the energy needed for local transpor­

tation (6 HW) arc supplied by photovoltaic arrays on or near the 

solar ponds. 

The need for industrial process heat (1.1 HW) is met by on-site 

solar systems and electricity from a variety of sources. The cooking, 

laundry,· and miscellaneous hcnt'ing requirements for the city (2. 8 HW) 

are provided by hiogas production which cnn take place at the sc."lvagc 

treatment plant (2.3 HW), the solid waste h':lrning·plant, and the i..:ity 

lam! fill. 

All of the systems proposed have potential for supplying the 

energy needs of Northampton. It must be emphasized that this 

energy plan has been developed as a set of options. Any such 

plan should be subjected to a more in depth a'naly~>is which is 

unfortunately beyond the scope of this st~c:ly. We do, however, see 

these energy systems as very promising, and worthy of the further 

st~dy needed to assess the costs, benefits, and the specific 

details of location .. 
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Footnotes 

1. Romer, Robert. Energy: An"Irtttoduction to.Physics, San 
Francisco: W. H. Freeman and Company, 19.76 ,. p .• 5 79. 

2. Based on Theodore Taylor's estimates in "Solar Energy Cost Goals" from A Preliminary Assesstiu~rtt · fot Worldwide ·use of 
Solar Energy, unpublished report:, PrincetOJl, NJ, February 
10, 1977. 

· Earlier experimentation by H. Tabor has shown1 solar ponds capable of reaching temperatures of 90°C. This appears in "Large Area Solar Collectors for power Production ",Solar 
Energy, October 1963, pp. 189-194. 

3. Karheck, J., Powell, J., and Beardsworth, E. "Prospects for District Heating in the United States ",Science, Volume 195, 
March 11, 1975. 

4. Taylor, Theodore,"Solar Energy Cost Goals", February 10,1977. The amount of land area required for solar ponds is presently under experimentation. Ta,ylor estmiates a 10,000 m2 
pond will heat 100 homes , but it is clear that the amount of land area required for a pond depends on the specific design of the pon~. 

5. District heating pipes containing the heated water conHect to each building in the designated neighborhood or district. In the basement of each building, a heat exchanger blo\vs hot air 
through the buildi~g for space heating. 

6. Such generators are already being produced conunerciallv by Sun Power Systems in Florida.which quotes prices of about 
· $500 per installed kilowatt. 

7. Rabl, A. and Nielsen C. "Solar Ponds for Space Heating "~S(H~.£ 
Energy, April 1975, pp. 1-12. 

8. Ibid. 
. ' 

· 9. Ibid. 

10. Taylor , "Solar Energy Cost Goals ".February 10, 1977. 

11. According to Rabl and Nielsen an area of 140 rn
2 

of solar pond will supply the needs of a present day house with an ef­ficiency of 25,000 BTU/DD in the Boston area. Boston accumulates about 5800 DD in a typical winter so the total energy which can be supplied in a year by 140 m2 is 1.45 x 108 BTU. This implies that each square met~r of solar pond c.m supply l.IV~ x Jl)f. BTU/year or about 35 watts/m • Our own calculatio~s for Northampton ponds allow extraction at the rate of 31 watts/m and a total area of 180 ha or 445 acres. A useful conversion factor .is 7.94 acres/MW. 
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Footnotes (continued) 

12. A model calculation shows that adding 20 ha (50 acres) to the 
ponds will allow the extraction of 1.15 MW average electrical 
power. This rises to a peak of 2.3 MW in January and falls to 
very near zero in July when heating demand is a minimum. 

13. Interview with Mr. Duseau from Calduwood Enterprises, Northampton, 
Massachusetts, November 17, 1978. 

14. We are concerned that this amount of garbage represents a sig­
nificant waste of resources and energy, and we recognize that 
burning certain kinds of trash may no·t be as economically or 
environmentally sensible as recycling them. However, a detailed 
consideration of this option is beyond the scope of t~is study. 

15. Interview with Charles Reed, Cooley Dickinson Hospital, N0rth­
ampton, Massach~setts, November 1978. 

16. Wheelabrator-Frye Inc., Energy Systems. Resource Recovery for 
Rockingham County and Surrounding Communities: A Feasibility 
Report and Proposal, Hampton, New Hampshire, April 1978. 

17. Interview with Frederick Macinnes, Chief Engineer, COL) ley 
Dickinson Hospital, Northampton, Massachusetts, June 1.978. 

18. Interview with James Distal, Northampton Sewage Treatment Plant, 
Northampton, Mass., November 19 78. 

19. Interview with John Howe~!, County Extension Service, 
H.ampshire·county, Hassachusetts, July 1978. 

20. Poole, Alan D. and Willialllf?, Robert H. "Flower Power: Prospects 
for Photosynthetic Energy ", Bulletin of the Atomi.c Scientt~~' 
Hay 1976, p. 52. 

21.. The use of utility owned pipes will have to be addressed a,t some 
point in the future. It might be possible for the city of North­
ampton to purchase pipes from Bay State Gas Company. 

" 
22. Comprehensive Summary Plan: Northampton, Massachusetts, Boston: 

Metcalf and Eddy, Inc., 1970-72. 
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Footnotes (continued) 

23. Calculation of ·useful power from wood burning: 
9 1/2 cord of wood = .4 ton ---- 20 x 10 joules/ton 
9 3 16 x 10 joules/cord x 5 x 10 cords 
12 . I • 7 I 80 x 10 JOules yr '":" 3 x 10 joules sec 

2.6 MW h 
1 

x .6 efficiency factor = t erma 
1.6 MW useful power 

24. Interview with Robert G. Curran, President, Curran Associates, Inc., Northampton, ~tassachusetts, July 14,. 1978. 

2.5. Ibid. 

26. Ibid. 

27. This calculation was done to·determine the amount of energy being lost per second when 90 cubic feet of water falls 240 feet: 

P = 90 ft 3/sec x 7.5 gal/ft 3 
x 8 lb/gal x 240 ft x .5 

5 = 6.5 x 10 ft-lb/sec 

1. 2 x 103 hp = 880 k\.J ~ 1 MW useful power (an efficiency 
factor of .5 was included in the calculation) 

28. Solar ponds are apt to be operating least efficiently during the winter because a great deal of energy is extracted from the 
ponds due to increased heating demands. 

29. Interview with James Manwell, Mechanical Engineering, University of }1assachusetts, Amherst, ·Massachusetts, November 19 78. 

30. Romer lists a figure of 1180 BTU/passenger-mile and a maximum load of 35 paszengers for local buses. This gives an energy demand of 4.13 x 10 BTU/veh-mi. With 6000 vehicle miles per day we get a 
demand of 2. 48 x 108 BTU/ day or 3 "H\.J. 

4.13 x 104 BTU/veh-mi. x 6000 vehicle miles 2.48 x 108 
BTU/day 

3 MH primary energy 

If we add anothe~ 3 }l\-1 for commercial and personal vehicle use we arrive at 6 HW. However we have rounded the tnmsportation e,nergy demand to 10 }IW for the sake of simplicity not because we 
want to encourage an increase in local travel. 

31. Romer, ~nergy_: An Introduction to Physics, p. 609. 
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Footnotes (continued) 

32. Flywheels can be used to store energy in the form of rotational 
kinetic energy and are especially useful.in buses which are 
constantly accelerating and decelerating. 
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Chapter Nine 

The Economics of Energy Self~Sufficiency 

An important consideration in the decision of whether to develop 

an energy system is money. The types of power pla~ts and energy 

systems which have been built in the Unite~ States during the last 

twenty or thirty years have required both a high level of financial 

planning and massive capital investments. Since the energY. systems 

proposed in this study are small-scale, simple in design and conJ . 

servative in their use of natural resources, it is not unreasonable 

to hope that they are also relatively low in cost. In addition, 

it is probable that the energy systems will be compatible with a 

variety of arrangements for ownership and control. 
I 

This chapter is an attempt to determine the costs of the .al-

ternative energy systems and to examine their economic feasibility. 

Developing the cost estimates has not involved a detailed financial 

analysis but rather a general order of magnitude estimate based on ., 

information presently available for each system. Conservative as-

sumptions have been used throughout the analysis in order to evaluate 

the viability of the systems from the least favorable perspective. 

It is clear that before any of the systems are actually built, exten-

sive and detailed cost analyses wilL~ha:ve to be undertaken. 
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I. 

Capital Costs 

-. 
The overall cost involved i.n developing an energy system is 

a function of both the initial construction costs and the annual 

operati.ng r1nd rnA i uten.'lHCf:. ,.._.-·,::: t.::;. T n the foLI U"Jing dt scu:.:::d nn, th::'~C'! 

costs are first determined separately for each system proposed fo~ 

Northampton, and then c.ombi.ned for an overall cost-benefi.t: analysis. 

In the breakdown of cost:> for Jndividua.l systernf,, 1978 dollars are 

used. The effe,:t of tnf.lation on the costs ·; 3 accounted f0r :i.n the 

cost-bencfi.t analysis. 

Sol<H Ponds 

Solar ponds are. clearly the most C<lpital :i.ntensive of all the 

systems proposed for Northampton. We have suggested a total use 

of 495 acres of pond area. There i.s a w.ide variance in the cost 

estimates d~vel opP.,i hy tl\o~:c doing rcscarc:h on the feasibility of 

solar ponds, dependi.n~ on whether or not a salt gradient insulating 

Layer .is used i.n th,:: ponds .. 1 It was estimated in 1974 that construction 

costs for a solar pond which uses a salt gradient and serves 20 homes 

would be about $22~50 per square meter of pond area. This included the 

costs of earthmoving, ~~Tall-facing, labor, sand, partiti9ns, liners,salt, 
' . . . 

"t . . d 2 on-s~ e p1.p1.ng, an control equipment. Our own estimates of the costs 

arc considt3rably·higher, approaching $50 per square meter _f-or the ponds 

we have described. Thus the total construction costs for the 495 acres 

of ponds equals about $100 million. 
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Hot water produced by the solar ponds will be distributed to 

individual residents and buildings through a district piping system. 

Our estimate of the cost of the piping network is based on data 

. 4 
developed by a research group at Brookhaven National Laboratory. 

The group has estimated the potential costs of installing district 

heating systems in nine urban regtons in the United States. Model 

systems were constructed for each region, resulting in an average 

cost for heat supplied to eachunit served by the system. Based on 

figures developed in the Brookhaven study, we estimate the cost for 

each building served by the Northampton district heating system to be 

abou.t $2000. This estimate is slightly lower than those suggested 

for the cities examined by the Brookhaven group because, as suggested 

by the study, it is expected that piping costs would be signi.ficantly 

. 5 
lower for cities with p.opulations between 25,000 and lOO, 000. · In 

addition, the fact. that all of Northampton's 30, oo·o residents li.ve on· 

2000 acres of developed residential land·implies a density of 9600 

people per square mile, which is well within the range of population 

densities considered by the Brookhaven group to be o1'>timal for district 

6 
heating. If approx:Lmately 10,000 buildings in Northampton are linked 

to the system, the total cost of installing distrtct piping should be 

·about $20 million. 

Rank1nc t~cle engines will be used to generate eloctricity from 

hot water produced in the solar ponds. 'H t.h instalied cap<icity for 

the generato;s expected to be about ·/.3MW and a cost estiuwt.e provided 
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by a firm selling the engines of about $670 per kilowatt, a total of 

approximately $1.7million will be necessary. 7 Although it is hoped 

that the existing power grid will be used as much as possible, it is 

anticipated that an investment of about $5 million will be needed for 

8 additional power lines and transformers. 

The annual operating costs of solar ponds include wages paid 

for those hired to operate the ponds as well as the actual costs of 

routine cleaning and maintenance. According to Rabl and Nielson, 

cleaning and maintenance does not cost more per building served by 

9 a pond than does a conventional furnace. If a cost of $50 per year 

for each building is assumed, then $500,000 is an ~pproximate estimate 

for annual maintenance costs. Another $100,000 per year is assumed 

for maintenance of the turbines, although they are virtually mainte-

nance free, and $200,000 per year is allowed for maintenance of the 

district piping network. Although other research groups have not 

mentioned how many people would be hired to oversee the daily opera-

tion of solar ponds, we propose that two people be hired for each 

pond. Estimating an average area of ten acres per pond, there would 

be a total of about sixty ponds. With a payroll of approximately 

$25,000 per pond, this equals a combined wage bill of about $1.5 

million per year. 

On-site Solar 

It is proposed that on-site solar systems be used for industrial 

process heat as well as for homes and buildings that are not located 
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in an area served ~y a district heating system. The total demand fo~ 

such energy is estimated to be about 4 MW. While the decision of 

what types of systems to use will be based on cost analyses under-

taken by the individual or .firm needi~g the extra installation, the 

i 10 
average cost per installed kilowatt is estimated at.$1500, . This 

equals a t.otal investment of about $6.0 million. Operation and main-

tenance costs are assumed to be quite small, at.about $600,000 a year. 

Solid Waste 

Specific cost estimates for the solid-waste burning plant pro-· 

posed for Northampton were available from an employee of Cooley 

Dickinson ijospital who is organizing the feasibility study. The 

capital investment needed for a plant capable of burning from 150 

to 200 tons of waste pt:!r uay is expected to be $4.7 million. 11 This 

figure includes all construction costs, including labor, building 

materials and equipment, land, transmission equipment and engineering 

fees. The anticipated total annual operating cost is $560,000; of 

12 which about $200,000 is wages. A significant portion of the payroll, 

includes the cost of collecting the waste in Northampton. ·Although this 

is included in our wa~e estimates, it is not really an additional 

cost because it is presently being done anyway. 

Organic Waste 

Two methane digesters are currently in operation at the 

Northampton Sewage Treatment Plant, producing an amount of biogas 
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equivalent to 2.3 MW. It is proposed in this study that total 

capacity be increased to approximately 3 MW. We assume that between 

the purchase of another digester and additional hook-ups to the 

existing gas distribution system, a total investment of about $2 

million will be necessary. 13 According to the 1975 Northampton 

Annual Report, the treatment plant is presently maintained and 

operated by a chief operator and three assistants, requiring a payroll 

. 14 
of about $50,000. Annual maintenance costs for the plant are about 

$25,000. 15 Allowing for small increases due to expansion, we eXpect 

an annual payroll of about $60.000 per year and yearly maint'enance 

costs of about $40,000. Although these figures are included in our 

cost estimates, they are not entirely additional costs because the 

facility already exists and is·in operation. 

Hydropower 

Cost estimates for the five hydropower sites located on the Hill 

River in Northampton were available from an engineer at Curran 

Associates Inc. 'l'he capital costs involved in retrofitting each of 

the existing non-hydroelectric impoundments is estimated to be about 

$7-800,000, and could be considerably more for one of the sites. 16 

Therefore, the total construction costs for all five dams is approx-

imately $5 million. l-Ie estimate annual maintenance an.d operating costs 

to be quite small, perhaps $200,000. It is expected that electricity 

produced by the dams ~;ill be· fed into the existing network of power 

lines. 
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Photovoltaics 

Any cost estimate of a photovoltaic system of the size and 

type we are considering is bound to be highly speculative. Not 

only must we wait for the development and mass production of photo-

cells which are substantially cheaper than the present ones, but we 

should also consider in a much more detailed way than is possible 

in this broad survey the complex interactions between the photo-

voltaic arrays and the solar ponds. 

In the absence of any firm cost projections we will follow the 

15a 
example of the American Physical Society Study Group and assume 

that photovoltaic capital costs can'be brought down to 86c per peak 

watt. If we adjust the_ Study Group's average output_ value to reflect 

the shift from t~e Southwest to New England we find that each peak 

watt of capacity should produce about 1.5 kwh per year of electricity, 

8 
co in order to produce 1.23x10 kwh/yr WP. wjll nP.P.rl 8? MW of peak 

capacity. At 86c/Wp this gives a capital investment of $70 million. 

Operation and mainte~ance costs of 0.4c/kwh give a total of just under 

$0.5 million per year. 

There would be added costs involved in using the photovoltaic 

arrays in a cogeneration mode, ~ut these would be more than compen~ 

sated for by substantial reductions in the capital costs of the solar 

ponds. In order to keep our estimates conservative we will assume that 

these two cost~ simply cancel out. 

For the capital. costs ·of storage we use an estimate of $55 per 
15b -·. . 

kwh for our total storage capability of 200 Mwh. This comes to 

$11 million, and if battery operated public and/or private transport 

is used, some of this can be charged off against the transportation 

sector. Again in the interest-of simplicity we will ignore this con-

nection. Operation and maintenance costs will be assumed negligible. 
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Transportation 

The public transportation system described in Chapter Eight 

consists of about forty miles of bus route (eighty miles round trip}. 

With buses nmni.r~g at f:i l"teen·-minute intervals dud nv, the cl.ay and 

thirty-minute intervals at night, we estimate that a fleet of about 

fifty buses will be needed. At a cost of about $100,000 per bus, th.is 

represents a total cost of about $5 million.
17 

Ob"ioLt::;ly, roads for 

the buses already el~ist, but it will he necessary to construct electric 

lines and transfonners to power the buse:s. Assuming thnt the costs of 

constructing overhead lines is similar to that of regular electri~ity 

lines, it is expected that costs will he nbout $50,000 per mile for 

18 the lines and necessary transformers. (If underground lines are 

used, it will probably be somewhat more expensive.) For forty miles 

of bus route, construction costs should total about $2 mi.llion. 

Using battery-powered buses will require a capital investment 

in batteries and cha:rging facilities. We have not exam:f.ned the 

question of whether this would be more or less economical than erecting 

overhead or underground transmission lines. However, it is important 

to note that using batteries eliminates the ncell for aestl~t:.tically 

unpleasant overhead wires. 

The payroll costs for the public transportation system wi.ll 1!e 

\. 
significant because drivers ·will be heeded for the f:.i ft:y buses. A staff 

of repair and nuillten;Jncc people will a.l:.-;o be ue<:dul <!.l th(illgh electr-ic 

engines requ.ire :-:-onside:.-;lbly less t'lklint<~IL!ncc than ! . .-,u~cn:l1. combHstinn 

engine::;. He exp2ct annual payroll cost~; to be abont ~:;1 mi..1l.iun and 
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yearly repair-costs to be about $200,000. 

Conservation 

Consertation is expected to be one of thebiggest sources of 

ener'gy for Northampton. Althou~h many significant conservation 

measures require little or no capital investment, ·it is essential 

that ample money be allocated to finance those measures which do 

require money. We assume an average investment of $2,000 per 

building, or a total of about· $20 million for tht~ city. 19 While 

$1000 or less is probably more than sufficient for most residt.!nces, 

especially multi-unit complexes, many commercial and industrial 

establishments may require an investment of at least $2000. Con­

servation efforts will- not generally require follow-up maintenance 

other than that usually needed in residences and other buildings. 

Although a specific wage bill for conservation efforts pursued in the 

city has not been estimated, it is hoped that a substantial number of 

local jobs will be created as the city undertakes a conce·cted conserva­

tion program. 

Wood and Wind 

The use of wood resources and wind power for energy production in 

Northampton have been suggested as supplementary sources for the city. 

While we encourage their use and development whecevcr possible, it is 

anticipated that these resources will be used on an individual basis, 

providing back-up for the other systems. Decisions of how to utilize 
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these sources .will be made individually_, and are not. considered as 

additional construction or operating costs for the plan as a whole. 

Summary of Capital Costs 

The construction and operating costs estimated for each of the 

energy systems proposed for Northampton are collected and presented 

in Tables 9-1 and 9-2. The total construction cost for the alternative 

energy plan is estimated to be about $141 million, ·and annual operating 

costs are approximated at $5 milli.on. lt is important to emphasize 

the approximate nature of these numbers. They have been developed to. 

facilitate a general economic analysis of the systems and represent a 

very rough estimate of costs. The systems have been examined as a 

complete package rather than as a series. of projects which might 

develop over a number of years. 

An advantage of using renewable energy systems that are based in 
. / 

the city is the potential for using local labor and materials for 

their construction and operation. While construction of the new systems 

and conservation measures should create a significant number ot' jobs 

in Northampton, it is recognized that they will bP n!lat:ive.ly short-

term. The number of long-term jobs provided by the systems can be 

estimated .to be. 286 if the annlial. payroll expec.ted for the energy plan 

is divided by_ the Northampton median income. This is about 100 more 

jobs than is currently provided by energy sales in Northampton. (See 

Chapter Four) This nurnber i.s not large and it must be pointed out 

that, in general, the production and supply of energy does not involve 

' 
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TABLE 9-1: Construction Costs of Proposed Energy Systems, 
Northampton, Massachusetts-1978 pollars 

Solar ponds 
construction 
district piping 
genera,tors 
distribution of electricity 

On-Site solar 
materials and installation 

Solid waste 
construction 

Organic wtwte 
digester and additional hookups 

Hydropower 
corist ru:c tion/ retrofit 

Photovoltaic arrays 
Storage 

Transportation 
buses 
lines and transformers 

Conservat.inn 
~onstruction/retrofit 

TOTAL 

$ X 106 

100 
20 
1.7 
5.0 

6.0 

4.7. 

2.0 

5.0 

70 
11 

5.0 
2.0 

20 

$253M 

very labor-intensive activiti~s. 

The real benefits of the proposed systems to employwent result 

from the smaller amounts of c~pital investment which are required to 

produce a given amount of e~ergy. (See following sectiun uf this 

chapter.) This frees up money for inve~:>tment in oth€:·c pro.lec.ts which 

may have greater effects on employment patterns. In addition, 
1: 

money that would have once left the area to pay for energy may now 

circulate through the local economy, providing added'financial resources 

for local enterprises. 
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TABLE 9-2: Annual Operating Costs of Proposed Energy Systems, 
Northampton, Massachusetts 1978 Dollars 

Solar ponds 
payroll 1.5 
maintenance, ponds .5 

On-Site solar 
maintenance 

Solid waste 
payroll 
maintenance 

Organic waste 
payroll 
maintenance 

Hydropower 
maintenance 

Photuvultaics 
Transportation 

payroll 
maintenance 

TOTAL 

Denefits ond CoAtA 

district piping .2 
generators .1 

.6 

.2 
• 36 

.2 
.s 

1.0 
• 2 

$.'J.5M 

The purpose of estitn.ilting the capital costs of the alternative 

energy systems ~roposed for Northampton is to facilitate discussion 

of whether it would be advantageous for Northampton to develop and 

use the systems. The economic advatages and disadvantages of the 

systems have been evaluate9 in a simplified versi9n of a 

cost-benefit analysis. 20 This analysis has been done in strictly 
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economic terms and does not address or evaluate the numerous social 

and political implications of the energy future described for the 

city. Such issues are crucial to. the ultimate decision of whether or 

not to undertake the proposed changes, and have been addressed in 

other parts of ~ur study. 

The purpose of doing a cost-benefit analysis ls to determine if 

the revenues collected over and above the operating costs of the systems 

are at least equal to the expense of building the systerns. 21 It has 

been assumed in the analysis that consumers of.energy wi.ll be will.tng 

to pay as much for energy supplied by the new systems as they l.rc.mld 

have to spend without the systems. The revenues generated by the new 

systems can therefore be assumed to equal the amount of money that ls 

currently spent on energy in Northampton. However, in recent years 

the prices of conventional forms of energy have increased at a rate 

greater than the 'normal' inflat:i.on of other goode: 11nd cormnodities. 

Since Northampton consumers would have to pay the increase.d prices in 

the absence of an alternative system, the revenues used in the cost-

benefit calculations are increased by factors whlch take into account 

both inflatlon and differential increases in energy prjces. 

The anticipated annual operating an;J maintenance costs of the 

alternative.energy systems are subtracted from the annual revenues 

that will be ~enerated by the systems to obtain the annual net 

revenues. These revenues are then "discounted" at a rate: detenni.ned 

hy the interest ra-te that would he paid on money bo r. rowcJ to finance. 

the systems. The d:iscount rate reflects the rate at ~1hich capital 

could be earning income i.f it were. invested in somethi.ug other than the 
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proposed energy systems. The discounted net revenues are suunned 

over the lifetime of the systems to reach what is described as the 

net present benefit of the systems. The total construction cost of 

the systems is compared with the net present benefit to determlne 

whether the proposed energy plan is economi.cally vi.ablc. 

The process of determini.ng values for each of the factors 

accounted for in our calculations i.nvolves using ftgures already 

determined in this study as \v-ell as estimating future inflation. rates, 

differential price increase~ and interest rates. A series of cal-

culations has bet'!n done in order to determine the amount of n.:venue 

which wolild be avallault! ·ucu.ler a variety of ec.onomic conditions to 

pay off the cost·s of the proposed energy systems. It wa~.; rlctcrmined 

in Chapter Three that about $25.9 million is pres(-~ntl-y spc:nt on energy 

j_n Northampton. An average lifetime of 25 years is a~.>stnm:cl for the 

entire energy plan, although it is likely that many o[ Uu'!. .ind.ivid.u3l 

systems which make up the plan could last constderabl.y longe.r. 
I 

Since it is very difficult to accurately detennine what rates of 

i.nflation might be experienced during the lifetime of the systems, 

three different n1tes were used to accommod.::~te a var·i ety (l r future pro-

• I ' 

jections. The lowest estimate of 4% is a conservative figure which has 

not actually been experienced in this country for at least ten years. 

The 6.5% fi.gure is based on projections developed i.n the Wha·rton 

Econometric Forecasting :Hodel for the next u~n years. 
22 

Tbe high. 

estimate of 8% inflation is considerably less than til,: :U% I"dte that 

the United Stat2s is p-:..·f.,sent1y exper:ienci.ng. It is .quite ,possibl<; 

thdt future iTflat:ion will exceed the est.imntc:s us1~ct in our <.ma]·ysis. 
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Several differential rates were used to reflect possible 

increases in the price of conventional energy. The lowest estimate 

of no differential increase is an extremely conservative figure 

which is not generally expected to occur in the future. The highe~t 

estimate of 5% is one half of a percent lower than a rn:ojec::.::i.on 

developed by the United States Office of Technology Assessment in 

19 76. 23 The 2. 5% rate is the midpoint of the two other f:i.gures. 

The choice of what interest rate, or discount rate, to use in 

cost-benefit analysis depends to a great extent" on the conditions of 

ownership and financing that are being examined. Two discount rates 

were used in this analysis in order to determi.ne how the range of 

benefits varies with the financial procedures that are used for the 

* systems. The high rate of 11.5% represents the prJ 112 rate of interest 

currently charged by banks for loans used for pr:l.vate purposes. The 

lower rate of M~ inte-rest represents the co~•t of fi.nanci.ng i.f publ:Lf' 

'll! 
mechanisms,. such as municipal bonds or loan:;, arc used. 

The annual operating costs used in the calcul.at:lons vary s.lightly 

depending on whether private or public ownership is beJng considered. 

This is because it is necessary to take into account changes iQ che 

city's tax base which might occur due'to_t!.e development of the pro-

posed energy systems. It is assumed for the purposes of tile cos t-·benefit 

calculations that the amount of local taxes which could be.,Jev:i.ed on 

the alternattve systems C'quals that which is presend:J paid on th.~ eon-

--------·----
* The variety of financial arrangements which could b.~ !liadE:! foL" the 

energy systems is discussed more fully .in Chapter '1\'-,1. 
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vention;al supply of energy. It was determined in Chapter Four that 

about $500,000 is presently pa~d i~ local taxes by.eriergy companies 

serving Northampton. 

If the alternative energy systems are p~ivately owned and 

financed, it is reasonable to assume that local taxes will be p<tid 

to the city just as they presently· are. Therefore, no change will 

occur in the city's tax base and the annual operating cost of $5 

million determined earlier in this chapter can be used in the cost­

benefit calculations. If the systems are publicly owned and financed, 

though, it is possible that local taxes will not he paid to ;:.he city:. 
I 

This would represent an annual loss, or cost, to the ci.ty of about 

$500,000. The annual operating cost used in the calct.llations. for 

public· financing :inc'Judes the $5 million fi.gure as well as the $500,000 

which would be lost ·in locai taxes. 

The results of the cost-benefit ·calculations' are·. displayed in 

Tables 9-3 a.nd 9-4. Thf' numbers listed in the tables represent the 

amounts of revenue which would be generated by the energy systems 

described above. If a number listed in the tables is at least equal 

to the estimated $141 million that it will eost to build the systems, 

then it makes economic sense· to develop the systems. It is shown in 

Table 9-3 that even under the least favorable conditions of a high 

rate of interest, no differential increase. in the price of conventional 

fuel types, a.nd only a 4% .inflation rate, the revenues collected over 

the lifetime of r·he energy ·syr;;ten}s would justify spending up to $.239 

million on their constru(:tion. This is. almost $100 million more· than 
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TABLE 9-3: · The Net Present Benefits of the Alternative Energy 
Systems if Private Financing is Used at a 11.5% 
Interest Rate, Northampton, Massachusetts - Millions 
of 197& sa 

Differential 
Rate 

R<He 
0% ·2.r:'"~ 

\---------'--------------- ··-

4.0% 233 314 426 

6.5% ~ 297 409 568 

8.0% 346 484 681 

a A 25-year lifetime of the systems is 
assumed, and an annual operating cost o[ 

$5.5 million is used. 

the estimated construction costs of the systems. Under the most 

favorable conditions considered in the analysis of 8% inflation, 

5% differential increase in energy prices, and a 6% interest rate, it 

makes sense to invest up to $l..lt7 billion, or over 6 times the 

estimated cost_ of the syf?tems (sec Tabh~ CJ-L,). 
25 

TABLE 9-4: .The Net Present Benefits -of "the Alternative Energy Systems 
if Public Financing is Used at a 6% Inter.est Rate, 
Northampton, Y£assachusetts.- Hill ions of 1978 $a 

"' Differential 
.-- -~ Rate 

Ii!.\: .L;t:J.on ... 0% 2. :)% s.c::-: 
Rate! 

a 

4.0% 392 '571 . 831 

6.5% 529 790 1175 

8.07. 640 969 1457 

A 25-year lifetime ,,f the systems i:::; ast';UJO(:d, 
and an annual ope'raLi.ng cost of $6.0 mil:LJon 
is used. 

167 



Conclusion 

From a strictly economic perspective, the alternative energy 

systems proposed for Northampton seem very favorable. Even using the 

most conservative assumptions, it would cost only .slightly more 
. . 

with the alternative systems than it would otherwise. This could 

result in lower prices per unit of energy, bringing obvious benefits 

to consumers. In addition, local labor and materials could.be used 

in the construct :Lon and operation .-of th.:.~ systems and in a conserva·-

· tion program, thereby supporting the local economy. 
! . 

While it is clear ;that the amount and circulation of energy 

expenditures- would be very different in an altemative, ·energy. future 

than it is now, it is difUc.ult to actually calculate or quantify 

the difference. The level at which prices could he set, for example, 

would vary depending on who owns and finances. the energy syst:~ws. 

It has been demonstrated that the overall cost of the energy plan 

would be less if public mechanisms. are used for financi.ng because lower 

interest rates could be ob'tained for the projects. In addition, prices 

which are charged by a private utility include a profit margi.n. Under 

a municipal or. publicly-owned system, this margin could be eliminated, 

resulting in lower energy pric~s. 

The overall flow of spe·nding of the revenues collected for energy 

in this plan also depends on the balance of p\.tbli.c and _private owner-

ship and financing. It is clear, however, that much of the money which 

has previously left Northampton to pay for energy imported i_nto the city 

would remain'in the local economy, providing addiU.onal resources for 

local enterprises and strengthening the overall base of the city's 

~conomy. Furthermore, this money would have subsequent impacts within 

Northampton as ft circulated through the locnl econolily. 
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1. See Tayl0r, Theodore. "Solar Energy Cost Goal -~ ~- Preliminary 
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It i:J possible that the city government might be abl(! to ncgo-· 
tiate with the utility company. 

9. Rabl and Nielsen, p. 10 . 
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eratures than he di(l, but we can also supply it to the collector 
at lOOOC 

11. Interview with Charles Reed, Cooley Dickinson Hospital, 
Northampton, "r-rassachusetts, December 13, 1978. 

12. Ibid. 

13. As with clectrici.ty transmission lines, the use of the e~l~ting 
gas distribution system will have to be negotiated wi~1 the gas 
company. 
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14. City of Northampton: 
ampton, Massachusetts: 

Annual Report of Officers - 1975, North­
Gazette Printing Company, p. 375. 

15. Ibid. 

15a. H. Ehrenreich, Chairman, Principal Conclusions of the American 
Physical Society Study Group on Solar Photovoltaic Energy 
Conversion. American Physical Society, New York, Jan. 1979, 
pp 37-40. 

15b. Application of Solar Technology to Today's Energy Needs, U.S. 
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18. Interview with Ed Wingfield, District Hanager, Ma35<:tt..;i>usettE> 
Electric Company, Northampton, MassachusettsJ Decemb(~·r 12, 1978. 
According to Mr. Wingfield, it is difficult to estimate the 
costs per mile of transmission linc·s but, at the bottom, it 
is $35-40,000 per mile, 

19. Willey, W. R. Z., Alternative Energy Systen~, P• 6, uses 
a figure of $397 per kilowatt saved.- He didnot exami.nc 
industrial or agricultural conservation •. Our figure works 
out to $626 per kilowatt, which seems reasonable since industry 
and agriculture are included in the estimate, 

20. Benefit-cost analysis is trnditionaJ..ly used to e·valuate t!te 
benefits and costs of a project, weighing them against an 
appropriate set of societal values and obj~ctJves. It is 
important to stress that significant \4eaknesses have developed 
in such analyses. The creation of numerically identified con­
clusions such as the benefit-cost rAtio have encouraged the 
oversjmpliflcation and misuse of the results of such analysis, 
and have often distracted from much needed discussion concerning 
the social and politica·l implicati.c.ns of proposed rroiccts. 
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21. The ·equatiou·used in our calculations is: 
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(1 + k)n 

(1+ r)n 

N 
o('(l+j}n 
L., (1 + r)n 

n =1 

where C is the amount of capital that can be invested in the 
systems and still break even, R is the revenue presently spent 
on energy, k is: the total rate at which R will increase.based 
on j, the "normal" rate of inflation and 1, the differential 
increase in the cost of conventiom>l forms of energy over and 
above inflation, ~ is the assumeci l:i.fetirne of the systems, 0 is· 
the cost of operating and maint~.ining the systems, and r is the 
discount rare on capital. 

22. Wharton Annual Model Pre-Meeting Solutions, Philadelphia: 
Wharton Econometric Forecasting Associates, Inc., September 
1978. 

23. Office of Techno] agy Assessment. ~J.icc:tt.ion_~L.f'o1:.~1r .. I:::.'~E2:~. 
nology to To4~y~s Energy Needs, Washingtcm, D.C.: Off:i.ce 
of Technology Assessment, June 1978, .P• 34. 

24. Tnterview with Walter Hurphy, City Auditor, Northsmpton, 
Massachusetts, December 13, 1978. Accord·ing to Mr. l1urphy, 
the city currently receives about 6% on its municipal bonds 
and pays from 3.2% - 5.4% i.nterest on its bank loans. The 
larger. interest rate i.s the most recent one. 

25. It is important to note again that the most favorable conditions 
allowed in this. analysis could be considered by many people to 
be quite conservative. · 
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Chapter Ten 

Community Ownership and Financing 

A significant feature of small-scale alternative energy 

systems is their compatibility with a variety of arrange~ents for 

ownership and control. Since small systems require significantly 

less capital than those which are larger and technically complex, 

they are much more appropriate for small group or community ownership. 

The motivations behind community or group ownership and the financing 

methods used vary depending on what is deemed desirable and feasible 

by residents, businesspeople and government officials involved in a 

proposed development. 

There is a long-standing myth in this country that only private 

enterprise motivated by the profit incentive can operate substantial 

ventures efficiently and effectively. Yet many public and non-profit 

groups already own and operate a variety of enterprises, including 

numerous electric and other utility systems, offering services com-

parable with and rates lower than those of larger private corpora­

tions.1 For example, there are presently more than 2000 publicly­

owned electric utilities operating in the United States.
2 

These 

systems include municipal utilities which are oWned and operated by 

the government o.f the city or town where the electricity is sold, as 

well as numerous state or county operated facilities. 3 In addition, 

there are more than nine hundred electricity cooperatives presently 

servicing large regions of rural America. These enterprises function 
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"' separately from 1occ!.l government and are owned by their customers. 

Public and cooperatively-owned utilities have shown an average 

of 30% lower costs for energy than private utilities. 4 Since such 

systems are motivated not by profit but by a desire to break even 

and to provide a certain service, they do not have the incentives 

that private utilities have to set rates at levels other than those 

. . h d 1 1 1" . 5 cons1stent w1t costs an oca energy po 1c1es. They can con-

sequently spend less, or nothing, on advertising, public persuasion 

(except for conservation), lobbying, and political donations. 

In addition, public and cooperative systems can encourage local 

control and participatory politics. The management of a small, 

community owned system is directly responsible to area residents 

rather than to a parent company or absentee owner. Basic decisions 

concerning the type and location of energy systems, rate of expansion, 

placement of transmission lines, and establishment of prices can be 

made in public meetings or by people elected by the community. 

It is possible to envision a wide variet~ of. arrangements which 

could be made regarding the owner~hip of alternative energy systems 

in Northampton. While the specific choices will have to be made by 

city residents, businesspeople, and,local government officials, it is 

possible to suggest. precedents which could be. set by various groups 

within the city. 

The city government is one obvious resource which could be 

utilized in the development of alternative energy. While it is 

unlikely that the city government will be interested in, or willing to 

become directly.involved in the overseeing of all the systems proposed 
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for Northampton, several systems are particularly conducive to 

municipal ownership. Sewage treatment and solid waste disposal are 

services presently operated and financed by the city government. Both 

the ownership and the financing of future changes or developments in 

these ventures might best continue under the scope of municipal govern~ 
/ 

ment. The creation of a public transportation system might also be 

facilitated most effectively by various public agencies in the city. 

Neighborhood-based solar'ponds and district heating systems seem 

particularly applicable to community group ownership. Such systems 

might be owned by a non-profit community development corporation 

6 organized by those served by the system. · Ownership could be organized 

cooperatively with members controlling the corporation them-

selves by purchasing one share per housing unit or building served. 

If de·sired, such groups could become involved in a variety of social, 

political and cultural activities in the community as well. 

Under a neighborhood-based approach to energy systems, attention 

would have to be paid to the fact that neighborhoods are often defined 

by specific socioeconomic characteristics. Neighborhoods c~m vary 

widely in the amount of economic and political clout they carry in 

the city as a whole~ It would be grossly unjust if the "richer" areas 

of the city were able to build better energy systems than other areas 

of the city. It might be necessary to develop a method that assures 

that financial and other resources are distributed fairly among the 

different neighborhoods in Northampton. 
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Community Financing 

An alliance between city government and community groups can 

work to effectively combine the institutionalized power of cities 

and government agencies with the financial and political intent of 

community groups. In Northampton, the institutional, real estate, 

industrial and commercial assets of the city as a whole are resources 

which might be utilized through the encouragement of,or exercise of 

powers by the city government, Regulatory or legal mechanisms such 

as the licensing power of the city and the ability to raise capital 

through various financial practices can also be used. Although the 

Northampton city government does not have assets in the form of 

corporate investments, there is a significant amount of municipally­

owned real estate that might be used for some of the energy systems. 

The city might also consider applying for state and federal grants to 

help finance the development of the initial energy systems~ until 

their feasibility has been demonstrated to sometimes skeptical private 

investors. The following is a discussion of various mechanisms whi~h 

have traditio.nally been used either in Northampton or in other cities 

to finance municipal and community group endeavors. 

Tax-exempt Bonds 

Under pres~nt federal laws, bonds issued for various public 

purposes by city governments, quasi-public agencies and non-profit 

corporations are tax-exempt. That is, the holder of a bond does not 

have to pay federal, or sometimes state income taxes on interest 

received from the bond. The bond market functions as a mutually 
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beneficial relationship between cities and wealthy investors because 

tax-exempt bonds sell at lower interest rates than taxable bo.nds with 

an equivalent risk. However, the recent tightness of capital markets 

has meant municipal bonds are not receiving as favorable a rate of 

return as was once associated with them. Northampton currently sells 

bonds at about 6% interest.
7 

There are two principal types of municipal bonds. General 

obligation bonds are securely backed by property tax money. These 

bonds usually require approval by municipal vote since they often 

involve changes in the tax rates of a city. Revenue bonds are backed 

by the revenues of the specific project being funded and do not 

involve changes in property ~ax procedures. Revenue bonds have 

traditionally been used to support industrial parks, toll bridges 

and highways, civic centers and other endeavors in which there is. a 

secure flow of revenue. Such bonds can be used creatively by a 

city, enabling the municipality to participate or invest in a variety 

of different enterprises. It is not clear, however, to what extent 

a .relatively radical departure in the use of such bonds would be ac­

ceptable to the city of Northampton, the banks and potential investors. 

there are also many federal tax regulations which must be met when tax­

exempt bonds are used, especially in ventures not directly owned by a 

government entity or not traditionally operated for a public purpose. 

A lease back arrangement is usually rega.rded as a form of revenue 

bond, but it is guaranteed by city taxes. The city or a pu~lic 

agency writes a contract to make long-term payments on a facility or 

project. The lease payment is guaranteed by the general revenues of 
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the city, which are essentiaily tax dollars. Lease· back arrangements 

are often considered to be more secure than revenue bonds, and are 

usually used for-facilities that do not produce revenues, such as 

new schools or other municipal buildings. It is possible that such 

arrangements could be devised for an alternative energy system, but 

it does not seem likely. 

An assessment district bond is a form of a local property tax 

which has conventionally been used for the construction of streets, 

sewer drainage systems and water·system.S. The property owners who 

benefit directly from the improvement are assessed a special tax rate 

that will pay for the construct:ion. nu~~l:! Londs can usually be issued 

without a vote unless there is a fifty per cent opposition from 

8 property owners. 

Tax-exempt Loans 

Interest paid on loans taken out by.local governments is exempt 

from income taxes. Instead of· issuing bonds on the open market, cities 

can negotiate these loans with banks. Since many of the technical and 

time-consuming aspects of bond issuance can be avoided, tax-exempt 

loans usually have lower interest rates than municipal·bonds. If a 

city borrows money from a bank using its tax-exempt status, it can 

then lend money to non-profit corporations within the city, essentially 
. . 9 

passing on the lower interest rate. Northampton presently pays 

interest ranging from 3.2% to 5.4% on its $12.3 million debt. 10 The 

higher rate is~ of course, the most recent one. It is possible that 

the Northampton city government could assist community or neighborhood 
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groups in the financing of specific sys.tems by using its tax-exempt 

status for bank loans. 

State and Municipal Guarantees · 

Much of the high cost of capital involved in private financing 

is related to individual risk. States and municipalities can effectively 

distriqute this risk by guaranteeing payment of bonds or other debt-

financing issued by a quasi-public au~hority or non-profit corporation. 

This power can be used to help a community-based group to obtein favor-

able financing terms by reducing the risk outside investors are asked 

to assume •. This method is often used to enable community ownership 

of shopping centers, office buildings and industrial parks. The 

industrial park being developed by the Nor;hampton Rede~elopment 
\ 

Authority was guaranteed by both the state and the city under such an 

arrangement. It is possible that non-profit corporations set up by 

residents and businesspeople to develop alternatlve energy systems in 

Northampton could be guaranteed by the city or by the state. 

Local Financial Institutions· 

Commercial banks and savings and loan associations are often con-
:··'· 

s.idei;ed as resources for local investment aside from their involve-

ment in tax-exempt bond and loan arrangements. However, banks often 

invest local savings and profits in ventures that are located outside 
·~f' 

of the city where the bank is based. It is possible that a municipality 

could appeal to banks, either on a policy or a financial level, to in-
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crease their investments in the local community. This might be 

particularly true in a city like Northampton where the banks are 

all locally-based and seem to have a fairly high awareness of their 

'b'l' h . 11 respons1 1 1ty to t e commun1ty. 

Private Institutions 

In any city, as in Northampton, there are apt to be a number of 

private institutions with significant financial resources which are 

not being used in any direct ways to benefit the municipality. 

Churches, private schools, colleges and hospitals usually have reserve 

funds, pension funds and endowment funds. These funds are frequently 

invested in corporate securities and public bonds, but they are often 

used to support investment projects located outside the local com-

munity. Such funds could be invested in local, municipally-owned or 

supported ventures provided they offered a reasonable security and 

r.ate of retur.n, Although the institutions may not agree to invest in 

the early projects of an alternative energy system, they might be 

willing to participate once the viability of such investments is 

demonstrated. 

Cc;mclusion 

It has been suggested that an all~ance between the city govern-

ment and community groups could work to effectively combine the 

institutionalized powers of the city government with the financial or 

political interests of community groups. An effective way to begin 
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organizing the people and resources of Northampton might be for 

representatives of the city government and various community groups 

to work together on developing a non-profit, community-based energy 

development corporation~ 2 The primary .function of the EDC could be 

to provide technical assistance and financing information to community 

groups and local government agencies working towards the energy self-

reliance of the city. The corporation could serve as a liaison between 

the city government and community groups, and could help oversee the 

initial stages of the transition to energy self-sufficiency. The 

EDC could focus its initial efforts on helping individuals and groups 

in Northampton to identify areas of the city that are presently well-

suited for alternative energy systems. The corporation could begin 

' 
to develop a much more detailed analysis o.f existing financial resources 

in Northampton and could initiate further research on various methods 

of financing and ownership for the systems. 
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Footnotes 

1. Connnunity Organizing Project. The·Cities' Wealth, Washington, 
D.C.: National Conference on Alternative State and Local 
Public Policies, 1976, p. 30. 

'" 
2. Ibid., p. 31. 

3. Ibid., .P• 31. 

4. Ibid., p. 32. 

5. There have been problems with public power in the past, ranging 
from an outright misuse and exploitation of natural resources 
to a more subtle and unnecessary overencouragement for inefficient 
and wasteful patterns of energy use. However, these problems·may 
be related to the scale of past .systems and are not necessarily 
i.nherent. in· public power. Careful planning could help avoid the 
problems in the future by encouraging the development of smaller 
systems and by mandating that they protect the environment and 
encourage energy conservation. 

6. One mechanism that presently exists are federally and locally 
supported Community Development Corporations. Although CDC's 
have not specifically been used t'o support. the development of 
alternative energy systems, they are examples of non-profit 
corporations which are organized and controlled by the resicl.ents 
of the connnunity in which th.ey operate. They have traditionally 
been involved in a variety of activities directed toward enhancing 
the economic base of communities. 

7. Interview with Walter Murphy, City Auditor, Northampton, 
Massachusetts, December 13, lq7R. 

8. Community Organizing.Project, The Cities' Wealth, p. 56. 

9. Interview with Walter Murphy, ibid. 

10. Interview with Walter Sullivan, Marketing Director, Northampton 
Redevelopment Authority, Northampton, 11assachusetts, December 
15, 1978. 

11. This is discussed further in Chapter Eleven. 

12. For f·urther information on community development, contact: 
Center for Community Economic Development, 639 Mass Avenue, 
Cambridge MA . 
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Chapter. Eleven 

Citizen Involvement and Public Education 

Major changes in energy use and supply can only take place 

successfully if the North~mpton community takes an active part in 

the shift to renewable resources. Individuals, groups, and insti­

tutions have potentially crucial roles to play in facilitating the 

implementation of an alternative energy plan. 

City Government 

Although·the Mayor is interested in energy issues, he perceives 

little community concern at the present time. The City Council as a 

responding rather than initiating body, will attend to a particular 

issue when there is a "public clamor". At this tlme, Nurtl!amptun 

citizens are not visibly upset about energy problems, and therefore, 

neither is the City Council. Consequently, the City Council did not 

support the Mayor's proposal for an Energy Department. The Council 

has also appeared reluctant to authorize $7,500 for Cooley Dickinson 

Hospital to perform a feasibility study on its proposed solid waste 

burning plant. 
1 

(The study is to be funded by a federal grant matched 

by money· from the local communities who are effected by the plant.) 

There are a number of ways in which the city government could 

guide the community in energy-conserving and alternative energy 

strategies. An example of a community which has embarked on a sig-
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nificant program of energy conservation, with the leadership of 

its city council, is Davis, California. Davis, iike Northampton, 

is a city of 30,000 people, and while predominantly a residential 

community, also has a large population of students. The Davis 

City Council has enacted a series of measures aimed at reducing 

energy demand in the city by as much as one-half. Since an energy 

survey found that 50% of the energy used in Davis was for transpor-

tation and 25% was for space heating and cooling, efforts have been 

directed at these areas. 2 

A pr·.iwe:u:y Luul fuL· energy cum;ervation in Davis is the energy-

efficient building code. The code is based on regulating heat loss 

in the winter and heat gain in the summer through a set of prescrip-

tive and performance standards. The code regulates the orientation 

of buildings, the insulation required, and the amount of glass 

allowed. Despite the climatic differences, Davis and Northampton 

currently have the same home insulation requirements in their building 

codes. Davis even allows for less window and door area in its 
. 3 

building code. The 1978 Massachusetts building code, w~ich Northampton 

is required by law to follow, is a sound one. However, if a city in 

Northern California has a less severe climate yet follows a more 

stringent buil'ding code than Northampton, it is clear there is sig-

nificant room for improvement in the Massachusetts code. 

,The Davis city government has also encouraged developers and 
.'.: 

builders to use alternative energy systems in new homes. To this end, 

the municipal government has financed two demonstration solar homes. 

The houses were built for several purposes: to construct houses whi~h 
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could be 80-90% solar heated and 100% naturally cooled; to 

utilize high-efficiency appliances and water-conserving fixtures;. 

to use solar hot water heating; to promote the use of natural 

ligh~ing; to develop a system of landscaping which adds to the 

thermal performance of the houses; and to keep construction costs 

as low as possible. 4 

Davis has taken a number of diverse steps to reduce the amount 

of energy used for transportation. The required width of roads has 

been decreased ~nd there is an extensive public transit system which 

uses second-hand British double-decker buses. The city has a system 

of bikeways, and runs a comprehensive bike safety program. It is 

estimated that 25% of inner city travel is presently done on bicycles. 5 

The changes which have taken place in Davis could conceivably 

occur in Northampton and could originate in the Northampton municipal 

government. If Northampton were allowed to improve upon or be ex-

eluded from the state building code, for example, the city coulq enact 

its own energy efficient code. The city might also choose to allow 

property tax exemptions for home improvements that include energy 

conservation measures and the use of alternative energy systems. 

However, long-range energy planning is not presently an objective 

of the city. Given the general economic situation, the Mayor has 

suggested that it,is important to find inexpensive answers that will 

yield relatively immediate results. He expressed the hope that the 

recently hired Energy Conservation Coordinator will retrofit a city 

building, thereby demonstrating to the City Council and the community as a 
. 6 

wholethe bcnsfits of conservation efforts. With complaints of excessive 
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local property'taxes followed by a "taxpayers' revolt" over the 

100% property tax valuation' of last fall, the city government is very 

sensitive to spending the taxpayers' money. Therefore, the "clamor" 

necessary to stimulate action by the Mayor and the City Council must 

come from the community. 

City Planning 

The Northampton City Planning Department can be regarded as 

an agency in which the long range goals of the city should be ad­

dressed. The Planning Department deals with projects related to 

public transportation, parking, pedestrians, bicycling, housing, 

zoning, land-use, and the conservation of natural resources. Rep-

resentatives from the Planning Department serve on, the City Planning 

Board and the Conservation Commission. The planners also work on 

larger, regional. issues through their as~pciation with the Lower 

Pioneer Valley Regional Planning Commission. 

ThP. Planning Department is often forced to exercise a regulatory 

function which leaves it unable to initiate long-range planning in 

Northampton. One of the planners commented that the department is not 

given "very clear marching order:s" from the Mayor or the City Council 

regarding planning goals. It was also noted that there is unwilling­

ness on the part of the city government to put money on the line for 

innovative projects. 
7 

.For the most part, enerey considerations are not 

presently ·a· priority in Planning Department decisions. 

Transportation and parking problems in Northampton exemplify 

the conflicts between long and short term planning, and the neglect 
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of energy factors for more immediate goals. Aside from the fact 

that many people come from ~utside Northampton to shop and work, 

most people who live in the city drive to the Main Street, King 

Street and Green Street areas. Alternative modes of transportation 

for inner city customers are presently limited and the distances 

involvea are often too far to be practical for walking. The use of 

bicycles is one alternative but it is often impractical in bad 

weather and even somewhat dangerous given the current traffic situation. 

Plans for shuttle buses on King Street are in progress at this 

time. The service promises to help relieve traffic problems along 

the King Street Corridor (U.S. Route 5), but it may not resolve the 

congested conditions along Main Street (U.S. Route 9). The provision 

of bike paths around the central 'business cj.istrict is also planned. 8 

They should enable easier and safer travel both for bicyclists and 

motorists. The development of a more comprehensive local public 

transportat.ion· system, such as the ·one proposed in this study, would 

be advantageous for several reasons. A system could be implemented 

that would expand the existing Pioneer Valley Transit Authority (PVTA) 

service.fromWilliamsburg-Northampton-Amherst as well as the proposed 

King Street shuttle bus. This could reduce th~ number of inner city 

cars entering the central business district, thereby relieving traffic 

congestion arid allowing shopp~rs from outside areas easier ac-cess to· 

the district. 

The link between planning efforts and goals of energy.:..efficiency 

sh~mld be strengthened in order to enable an easing of the traffic 

situation, as well as to address other community development issues. 
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The proper time to evaluate energy factors is before capital investments 

are made in major public works projects. The time and money com-

mitments that accompany planning efforts can either enhance or inhibit 

opportunities for energy self-sufficiency. 

An evaluation of the kinds of issues which involve setting 

priorities and making difficult trade-offs, could occur in a master 

plan for Northampton which may be initiated within the next couple of 

years. One planner interviewed would like the new master plan to 

develop through the participation of people in Northampton rather 

than through an outside consulting f1rm. 9 This coulu r·esult in a 

study of the city that addresses some of the long-range goals of 

Northampton's residents. It is hoped- that. the Planning Department will 

receive support from the community and from the city government to 

undertake innovative planning efforts that include energy concerns. 

Businesses 

Within the commercial sector, r~tai.l establishments represent 

one of the largest and most diverse segments of the community. tn 

fact, one citizen noted that there seems to be a split between the 

"old blood" and the "new blood" in Northampton. This has caused 

some tension within the Northampton business community as well as 

between businesspeople and city officials. One downtown merchant 

expr.essed disappointment that the city government is not working with 

businesses to solve common ~roblems such as transportation and parking. 

An organizatio~ which represents the interests of the retail 
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sector is the Chamber of Commerce. According to the executive 

director, the Chamber serves as an educational tool for the business 
\ 

community. Various committees have been formed within the Chamber, 

including an Energy.Committee which has sponsored several energy 

conservation audits in the city sine~ 1973. 10 

There are several retail associations within the Chamber of 

Commerce that exist to share and resolve common problems. 

District organizations such as the Downtown Merchants' Association, 

and the Green and West Street Merchants' Association, as well as the 

Florence ·Center businesses, could examine the feasibility of alternative 

energy systems for their areas. Although it has been argued that there 

is little cohesion in Northampton's business community, the potential 

for district heating systems in the commercial areas might generate 

interest among local businesspeople~ 

There are downtown businesspeople who see Northampton as a 

special community. One expression of this sentiment may be felt in 

the new Thorne's Supermarket, a center that strives to combine liveli-

hood'and culture in one building. The owners stress the importance 

of integrating space for dance, art, theater, and music with a mix 

of retail establishments. 11 The revitalization of the downtown area 

is an important factor in promoting a sense of communit~ for those who 

live in Northampton. This commitment should be fostered and could 

potentially motivate the development of alternative energy systems. 

Industries 

In interviews.with executives from local industries, we found 
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them generally hesitant to invest in alternative epergy systems. 

The same doubts surfaced cosistently. There was a great deal of concern 

concern about the dependability of such systems, and evidence of 

their technical and economic success was requested. In addition, 

the financial incentives to encourage a shift to renewable energy 

d d . ff. . 12 Th . f 1 1 resources were eeme 1nsu 1c1ent. ree representat1ves o oca 

labor unions expressed similar considerations, focusing particularly 

13 on the issue of the reliability of the alternative systems. 

One practical way to educate the industrial conwunity in North-

ampton about the feasibility of alternative energy systems is to 

publicize instances where they have been used successfully. J. A. 

Wright and Company, a small building and cabinetmaking firm, has made 

extensive use of the sun's energy. The building's design incorporates 

many passive solar construction techniques and has a hot-air solar 

heating system. The owner informed us that other businesses and 

industries in Northampton have shown great interest in his heating 

system and the possib1lity of retrofitting their own buildings. He 

has generated a positive response among those in the community who 

14 
have learned of his solar-based workshop. 

Private Institutions 

All of the private institutions which were examined·have 

d 
. . 15 enacte ·energy conservat1on measures. We believe that most 

private institutions in Northampton, such as Smith College, are in 

good positions to develop alternative energy demonstration projects 

and models. For one, these institutions are large and have high 
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visibility within the community. Secondly, it has been frequently 

stressed by city officials and planners that federal and state 

government funds are currently more limited than they once were. 

Governments on all levels, then, are looking for public projects 

to be financed in conjunction with private developers. Cooley 

Dickinson Hospital's proposal-for a solid waste burning plant is 

an example of a potential model for alternative energy in Northampton. 

Funds provided by the federal, government for the feasibility study 

will. be. matched with money contributed by local communities. 

Banks 

Banks can support and stimulate a shift to renewable energy 

systems in a variety of ways. Lower interest rates can be offered 

for home improvement loans which conserve energy. The amount by 

which rates would be reduced could be based on the effectiveness of 

h .. h b . f. d 16 t e conservat1on measures t at are e1ng 1nance • 
) 

Additionally, 

through its home mortgage service, a bank could ep.courage people 

buying homes to invest in conservation efforts by changing the down-

17 payment requirements and the payback terms. Inherent in this 

lending concept would be the realization that the value of property 

improvements which increase energy-efficiency will rise as energy 

costs .increase. Banks, as investors can help finan~e the ci~y or 

groups within the city during the transition to alternat;;~Y.e energy 

systems. In seyeral interviews with bank officials, we fittempted 

to gauge the level of interest in energy conservation an,d alternative 

energy and to assess the attitudes of Northampton's banking institu-
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tions toward financing the energy plan'proposed in this study. 

All of the bank officials interviewed felt energy to be a 

significant issue, and a few had displayed conservation booklets in 

their lobbies. In addition, all of the banks had taken various 

conservation measures of their own, including turning down thermostats 

and improving lighting efficiency.
18 

One bank has also installed 

a solar water heater on its roof·. 19 

Energy conservation, in relation to a bank's service is 

"essentially a non-issue."20 While expressing interest in and 

curiosity about conservation, banks are limited in their behavior by 

the financial realities of bank operation and market conditions, as 

well as by predominant attitudes within the banking business. 21 All 

of the banks have given a few mortgages for homes which included 

passive solar construction or alternative energy systems. But there 

are no.banks in Northampton which currently offer lower interest rates 

for home improvement loans which are energy-conserving. The First 

National Bank of Amherst (which has a branch in Northampton) ran a 

trial pr,ogram during most of. 1977, offering interest rates for 

energy-conserving home improvement loans which were 2% lower than the 

usual rate. According to the Assistant Vice President 

of the bank, the program was not very popular. 22 . His ambivalence was 

similar to that of other bank officials· when contemplating such a 

program. 

Banks .h:aye a limited capacity, to promote a "pri_mary product. "
23 

That is, ~hat consumers purchase is of little concern to the bank 

which lends them money. Bankers do not believe lower interest rates 
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entice customers into investing in conservation measures. However, 

they do recognize that if such improvements are being considered, 

a lower interest rate might infiuence which bank a consumer chooses. 

Moreover, home improvement loans do not represent a large portion of 

a bank's business (typically less than 2%), and are not a particularly 

f . bl f h . . . . . 24 pro 1ta e part o t e1r act1v1t1es. In addition to competition 

between banks for the limited number of home improvement loans, there 

are financial constraints within banks which determine priorities. 

Particularly during periods of economic crisis, a bank may choose to 

downplay lending and encourage deposits. 

Banks also have a stock portfolio, a portion of which could con-

ceivably be invested in alternative energy systems developed by the 

city government or by groups within the city. Within Northampton there 

is a range of opinion concerning a bank's legitimate scope of action, 

particularly with regard to investment practices. In response to a 

suggestion that banks invest in the energy plan proposed in this study, 

all of the bank officials interviewed cited considerations of the 

financial incentives and risks involved in such investments. Any 

decision to invest in the city's alternative energy plan would be 

' 
made by the respective Boards of Investment at each bank and by the 

State Banking'Commissioner. 

Attitudes and philosophies concerning the proper role of banks in 

' an alternative energy future varied not so much in content as in 

emphasis and tone. One banker asserted that a bank's func-tions are 

to serve customers and to earn. profits. Yet he acknowle.dgeift'. that 

from a public relations point of view, an investment decision was a 
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25 
different matter. An official of Northampton National Bank 

stated that his bank would seriously consider the Northampton invest-
,, ,, ._, ,, 

ment, if the philosophy of it were consistent with the bank's. 

The bank might be willing, in this case, to invest in Northampton's 

energy future at a 7% return and forego an 8% return that could be· 

obtained from a more traditional investment.
26 

In fact, all of the 

bank officials interviewed stressed that their commitment to the com~ 

munity and their serise of social responsibility are factors in 

decision making. 

Banks are not trend-setters in society, but they are acutely 

aware of their publf(' im.<=~eP. Ann rtr.e highly sensitive about" their 

reputations within the community they serve. In any area, there are 

generally a few banks which are more progressive, and tend to pioneer 

in offering innovative services. From discussions with Northampton's 

bankers, we sense that this is true for the city. For the banks in~ 

Northampton which are relatively more progressive, there should be 

encouragement for the development of model programs related to 

alternative energy. There are several possibilities. For example, 

a group of banks could set up an energy loan pool, to which each bank 

would contribute·some proportional share of money. The processing 

costs to each bank, and the risks involved, would thereby be reduced. 

Secondly, banks could set up low-interest loan programs for large 

institutions and industrial establishments. Again, the volume of 

business could offset processing costs, and the institutions could 

participate in promotion efforts. Thirdly, a bank could develop an 

energy center as part of its loan and mortgage service. Home-improve-
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ment and mortgage services could incorporate energy considerations. 

into their standard practices. Bank personnel could have informa-

tion on energy tax credits, and on local zoning and building codes. 

They could have lists of recommended insulation and alternative energy 

dealers, and could provide te~hnical .and reference information to 

27 homeowners. Such a center could facilitate the integration of 

regular banking activity with consumer access to energy-related 

resources. 

Each Northampton bank official interviewed stressed the impor-

tance of the bank's relationsl1ip .with the community. Yet "major 

bank commitments to this area wi~l. probably await the day when large 

numbers of consumers begin clamoring for conservation devices and 

related financing, thus legitimizing conservation as a full-fledged 

business opportunity for banks rather than an object of passive, 

. . k . .,28 1ncons1stent, or to en attent~on. The key to involving the 

Northampton banking industry in an alternative energy plan is public 

consensus and pressure. 

The Northampton Community 

Alternative energy is often a focus for low-income and community 

organizing groups. This is because, as one member of the Hampshire 

Community Action Commission noted, "alternative energy dove'tails rather 

. . 29 
nicely with an advocacy approach rather than a service approach." 

Engaging people in building and controlling alternative energy systems 

is seen as a way of promoting self-r.eliance and respect through co-

operative self-help efforts. 
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The East 11th Street Project in New York City is an exciting 

example of the political, social, and economic benefits of tech-

nology which is "appropriate" for people, particularly for the dis­

possessed of society. In this project, several abandoned tenements 

have been acquired through a "sweat equity" program and have been 

reconstructed using solar collectors and windmills as part of a pro­

cess of reaching self-sufficiency. The group involved is composed of 

neighborhood organizations as well as members of street gangs. The 

object of the restoration efforts has been a search tor affordable, 

attractive, self-sufficient, tenant-owned housing. · At the same time, 

the project has instilled a sense of community, has encouraged the 

sharing of skills, and has helped residents attain a feeling of control 

over a central part of their lives. 30 

In'Northampton, there are several projects underway which address 

similar.goals. For example, there is a solar greenhouse in the Bridge 

Street Halfway House. There is a community Canning Center which en­

courages residents to buy and preserve local produce in the summer. 

People can the food with assistance at the center for a nominal fee. 

This serves to lower consumer's food costs and helps support local 

farmers. The Salvo Housing Project, a subsidized housing unit for the 

elderly, has a solar water heater on its roof. 

The Hampshire Community Action Commission is an ideal source for 

alternative energy projects aimed at the low-income community in 

Northampton. The intent of this group is to aid in setting up models 

in low-income neighborhoods, and then to step out, leaving the residents 

in full control. Recently, the Hampshire Community Action Commission 
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received a grant from the National Center for Appropriate Technology 

to utilize a solar device as an educational tool in one of Northampton's 

low-income neighborhoods.
31 

The selection of an energy system and the 

decision of where it will be placed wili be made by local residents. 

It is this type of project which really approaches many of the goals 

that motivate our alternative energy plan. Unfortunately, as men­

tioned earlier, .the Hampshire Community Action Conmiission has very 

limited funds, and they are often forced to deal with emergency situ­

ations that could perhaps be served by the United Way or church 

organizations of Northampton. This would enable the HCAC to concentrate 

on .more far-reaching effQrts. 

In addition to its relevance for low-income people, alternative 

energy has become a focal point for those people committed to a re-

kindling and a redefinition of local politics. These people are con­

cerned with community control for "the simple practical .reasons of 

making life livable and resolving problems which have remained un­

touched by the movement toward huge, dehumanized scale in social 

organization,: economic organization, and the organization of resources 

32 and technology." 

As has been discovered in the process of this study, there is 

keen interest in conservation and alternative energy on the· part of 

many individuals in Northampton. Since many activities oqcur on an 

individual and isolated level, the fragmented nature of the efforts 

prohibits the development of any real momentum. Besid:es the need 

for a coordination of individual action and resources, ;alp,ernative 

energy needs a higher profile in the community. Such visibility could 
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be encouraged through the media, schools, l~cal clubs, ~nd creative, 

cultural events which explore energy-related.issues. It is also 

clear f:rom conversations with bankers, industries, and city officials, 

that only organized group efforts on the part of citizens will 

stimulate social responsibility in the private sector or encourage 

foresight in city government. The sense which has emerged from con-

versations with members of the Northampton community is one of a 

lack of a social organization or a framework within which the goal of 

energy self-sufficiency can be articulated and pursued. 

The Energy Development Corporation described in Chapter Ten could. 

be an important step in stimulating the necessary coordination and 

initiative. Such an organization, in addition to serving as a liaison 

and funding information center, could set up a storefront in the down-

town area. This storefront could be a walk-in energy center, which 

pictorally displayed. the principles of energy use and energy conserva-

tion, and which. exhibited demonstration models of alternative energy 

systems (perhaps on loan from area stores). The storefront could 

functton as a resource gathering and contact organization, developing 

a list of people interested in energy issues, or with skills to share. 

This group could also sponsor field trips to alternative energy sites, 

I organize lectures, facilitate neighborhood energy audits, and generally 

act as a forum for the gathering energy interests of the community. 

Ultimately, the attainment of energy self-sufficiency hinges on 

the value people place on their community. A commitment to Northampton 

could have as its source an increasing recognition of the city as a 

unique, cultural, social,.political, and economic entity. A deep 
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sense of community could motivate a reorientation of local politics 

toward greater community control of servi~es .and de.cision making in 

which people can participate directly. ·For politics should live where 

33 
the people do. 

., 
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Chapter Twelve 

Energy Self-Sufficiency in Perspective 

It has been shown that the'potential for energy self-sufficiency 

in Northampton is very real. Energy self-reliance appears'attrac­

tive for a variety of reasons. The use of alternative energy systems 

can bring practical benefits to the community in the form of con­

tinuous energy supply, decreased production costs, and the enha?ce­

ment of environmental quality. An overall strengthening of the 

economic base of the community can also occur as energy expenditures 

circulate through the local economy. Money which once left the area 

can now be used to pay for local human and physical resources used 

in the construc~ion and maintenance of the systems.· 

The effects of energy self-sufficiency are as much social and 

political as they are technical. The development of alternative 

energy can include a concern for the decisionmaking process through 

which the systems are to be developed, who will own and control them, 

and their compatibility with various social and cultural aspects of 

the community. Traditional ideas of democracy can be combined with 

popular interest in and_demand for citizen involvement in energy 

policymaking. Such a participatory approach is based on the belief 

that people can act responsibly about and take responsibility for 

important technical and political questions. Elitism and centrali­

zation can be minimiz~d, encouraging a wider distribution of economic 
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and political power. 

The abilities of different individuals and groups can be 

shared and integrated as people work toward a common goal. The 

social and cultural life of the community could be enriched and 

resources which exist in the community couldbe better utilized. 

As plans for self-sufficiency are realized and projects completed, 

a sense of achievement can develop, inspiring people to continue 

and pursue their commitment to the community and its overall 

development. 

Increasing the energy self-reliance of a community will take 

a number of years and will involve the actions of numerous people 

with diverse interests. The changes require substantial shifts in 
\ 

the style and structure of existing patterns of energy use and 

supply. For purposes of clarity, this study examined Northampton 

at the point of total energy self-sufficiency, rather than over the 

long~term process of achieving energy self-sufficiency. While a 

more realistic perspective, the transition is also highly complex. 

It is the process of moving toward self-relia'nce that can be the 

most rewarding, yet is the most fraught with complications. Host 

significantly there is the threat of compromising initial motivations. 

Over a long period of time, amid the daily nuts and bolts of instal-

ling community energy systems, the overall purpose and commitment 

can be difficult to bear in mind. For example, in the Northampton 

plan, implementation of all of the solar ponds'was examined as a 

single stage. Under these circumstances, it could.·be assumed that 
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all electricity lines in Northampton would be purchased from the 

utility by the city or groups within:' the city. However, if one 

neighborhood constructed a solar pond, it would probably sell its 

electricity to the uti.lgy ~ompany ~ With such incremental implement-

ation, there would not necessarily be any alternative structure to 

the private utility. 

There are many obstacle~ or barriers, that must be confronted 

in order to achieve energy self-sufficiency. }~ny of the changes 

that will occur will not necessarily be viewed favorably by those 

effected. Jobs-associated with existing energy companies will be 

lost and although other jobs will.be created, they will not necessarily 

involve the ,same people. Many conflicts of interest may also occur 

over specific siting and design features of energy systems. An ad-

vantage of a local energy policy is that the range of special interests 

involved is narrower than ~hat for a national policy and any negative 

impacts will be felt by a smaller number of people. Hembers of a 

community will have to live with the consequences of their decisions 

and those effected will be able to participate directly in policymaking. 

The boundaries for energy self-reliance are not rigid, and it 

is impossible to be certain about the ideal level for energy self-

sufficiency. Is it determined by a political boundary, a geographic 

region or on the basis of. social or cultural identity? There is no 

absolute measure for the appropriate scale, but the orientation 
, f· 

should be focused toward the smallest political unit which can under-

take such a task. 
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Cities are a f~asible level fr?m which to promote energy 

self-reliance because they have a ·fair amount of political power 

and organizational strength. Municipalities can raise taxes, amend 

ordinances, .oversee zoning laws, _and initiate growth policy. How-

ever, a shift to energy self,-reliance also· depends on. the physical 

size of a city, land-use patterns, the extent of energy-:-intensive 

industry, and the distribution of the population. 

Consideration of these characteristics in Northampton has 

resulted in our proposal for developing alternativeenergy systems 

such as solar ponds. It.is obvious that. not every city could opt 

for this specific type of .system because .of the different physical 

and technical attributes of various ~rban areas •.. Furthermore, it is 

probable that every city cannot physically achieve energy self-suff~ciency 

due to a lack of indigenous resources. For those areas which do 

strive for energy self-reliance, what is important is that the scale 

be manageable and accessible. 

While it is uncertain what th~ ideal scale for energy self-

sufficiency is, it is clear that energy policy should be stimulated 
' ' -

at the local level.- Obviously the issue of motivation is very com-

plicated, but policy of a national scope often fails because it cannot 

command the interest or participation of citizens on a day to day 

basis. Moreover, a national energy policy does not recognize the_ 

uniqueness of individual areas or communities. 

A community's sense of integrity and interest in utilizing its 

resources should not overr~de an awareness of the broader context in 
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which the community exists. Provincialism can create jealous_ies 

and rivalries between neighboring communities' resource use, trade, 

and economic disparities, as well as other, more subtle forms of 

competition. Since energy self-sufficiency will occur in stages, 

yet as part of a concerted effort, action.can be individually 

oriented, but must also be carefully planned, coordinated, and 

integrated with what is taking place elsewhere. 

What is the proper balance of control and responsiblity 

between citizens, communities and various government structures? 

Clearly, government involvement at all levels is necessary; state 

and federal resources should not be disregarded. An inclusive 

framework, whether countywide or -regional, mu~t be in existence 

in order to provide a wider perspective for energy self-reliant 

communities. But the larger units should exist as facilitators 

and coordinators, rather thari as centers and controllers of power. 

And so this project erids as a beginning. Further research 

must be done on specific financing arrangements, on the actual layout 

of community energy systems and on the factors that determine which 

systems are optimal for various areas. The most important work, 

however, cannot be done on paper. What is needed now is action. The 
·' 

impetus for energy self-sufficiency must come from a grassroots level 

for it depends on citizen action and participation. 
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