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ABSTRACT

A study was undertaken to determine the feasibility of introducing

a large-scale, hot water, district heating system for the Minneapolis-

St. Paul area. The analysis was based on modern European hot water district

heating concepts in which cogeneration power plants supply the base-load

thermal energy. Heat would be supplied from converted turbines of

existing coal-fired power plants in Minneapolis and St. Paul. Toward

the end of the 20-year development period, one or two new cogeneration

units would be required. Thus, the district heating system could use

low-grade heat from either coal-fired or nuclear cogeneration power

stations to replace the space heating fuels currently used — natural gas

and distillate oil.

The following conclusions can be drawn: the concept is technically

feasible, it has great value for fuel conservation, and with appropriate

financing the system is economically viable.





1. BACKGROUND

Contacts between Studsvik,* the U.S. Department of Energy (DOE),

and Oak Ridge National Laboratory (ORNL) in 1977 resulted in a proposal

for studying the technique of introducing district heating on a large

regional scale in a suitable metropolitan area in the United States.

The district heating system would replace fuels in limited supply — gas

and oil — by using thermal energy from coal or nuclear cogeneration power

plants. After further contacts with key personnel in several cities and

states, the Twin Cities area — Minneapolis and St. Paul, Minnesota — was

selected as the location for the study.

The overall study contract was awarded to Studsvik, and ORNL was to

serve as coordinator of the various activities. The Minnesota Energy

Agency (MEA), local utilities, and local consultants became deeply

involved. This report is an executive summary of work completed under

the contract. Several phases of the study are being pursued in more

detail by the electric utility, Northern States Power Company (NSP);

MEA; and local consultants. Although the study is site specific, the

general methodology is considered to be applicable for other cities

in the northern area of the United States.

2. THE TWIN CITIES AREA

The Twin Cities area encompasses two concentrated municipalities

about 7 miles apart — one in Minneapolis and one in St. Paul (Fig. 1).

These areas are surrounded by a region of industrial sites and residen

tial housing that links the areas into one continuous metropolitan region.

The total metropolitan population of over 1 million includes 0.8 million

within the two city boundaries. This dense population, coupled with

the cold climate (>8000 Fahrenheit degree-days), creates a large heat

demand.

Studsvik Energiteknik AB, formerly AB Atomenergi.
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Fig. 1. Heat load densities in the Twin Cities area and possible
regional piping systems.

Most of the heat demand is presently supplied by natural gas;

however, gas supplies for the larger customers are interrupted during
winter and replaced by oil. There are three small steam-based district
heating systems in the area - an old one in downtown St. Paul [60 MW(t)],
a fairly new one in downtown Minneapolis [about 80 MW(t), including also
some district cooling], and one at the University of Minnesota [about
125 MW(t) also including some cooling]. These systems all use steam as
the distribution medium and none uses cogeneration; however, a cogeneration
plant has been proposed for the University. Thus, gas and oil have been
the main fuels for district heating, with some conversion to coal at

St. Paul and the University.



There are two fairly large coal-fired electric generating stations

within the city boundaries — High Bridge for St. Paul and Riverside for

Minneapolis — as shown in Fig. 1. A third station, Black Dog, is located

about 10 miles south of Minneapolis, and there are several newer coal-fired

and nuclear plants outside the metropolitan area. The closest of these

is King, 17 miles from downtown St. Paul. King is also a possible site

for another new unit.

This brief account indicates that the Twin Cities area is a prime

candidate for a regional district heating system because of the following

attributes:

1. a cold climate and a city structure well adapted to district

heating and with a large potential heat load;

2. the present use of fuels that will become increasingly expensive

and scarce (natural gas and oil);

3. the existence of coal-fired generating stations near the city with

units suitable for conversion to cogeneration;

4. some tradition of district heating and yet not so much that the

current steam distribution technology should strongly influence

the technology to be used in the future; and

5. interested and cooperative local authorities and utilities with a

desire to improve fuel usage and reduce air pollution.

3. SCOPE OF STUDY

Two levels of district heating implementation are discussed:

Scenario A, which restricts district heating to the downtown and indus

trial commercial areas and nearby residential districts, and Scenario B,

which also covers medium-density residential districts with one- and

two-family houses outside the central parts of the cities. Over a

20-year period, these scenarios are estimated to involve a thermal load

of around 2600 and 4000 MW(t), respectively, for the two scenarios

(Fig. 2).

The 2600 MW(t) for Scenario A excludes the loads of the existing

district heating systems in Minneapolis and at the University of
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Minnesota because more detailed studies on integration of these schemes

into the overall scheme are necessary. It also excludes the loads

of some large industries that require more study and all loads for

future establishments within the area. To compensate for the con

servatism of these assumptions, it was assumed in the base case that all

remaining consumers within the area would subscribe to the service.

The influence of a lower effective subscription rate was evaluated

separately. For Scenario B, 70% of the potential additional consumers

over and above those of Scenario A were assumed to use the service.

Although the assumed starting date for the development is 1980,

practical questions may delay the date by one or more years. The basic

technology assumed is that used in modern Swedish systems, which now

supply an increasingly large part of the national demand for space



heating and domestic hot water by hot water distribution systems. About

3 million people in a population of 8 million are now served by district

heating at home or at work.

3.1 Principal Features of Proposed Concept

The proposed district heating concept functions as follows:

1. The base load is supplied by cogeneration plants that provide

about half the total peak-load capacity but nearly 90% of the annual

heat energy (Fig. 3). Most of the thermal energy from cogeneration

units is provided by converting turbogenerators to pass-out machines at

two existing power stations — Riverside in Minneapolis and High Bridge

in St. Paul. As illustrated in Fig. 4, this greatly improves fuel

utilization. Toward the end of the period, these units would be com

plemented by new units. A new unit at Riverside is assumed for Scenario

A. For Scenario B, two larger units about 17 miles from the center of

the city area are proposed because it seems impracticable to use the

city power plants exclusively. The cogeneration plants replace large

quantities of oil and gas by small quantities of coal.

2. The peak load and reserve capacity requirements are supplied by

oil-fired, heat-only boilers. These have a large total capacity but

supply only a small percentage of the annual heat energy. They are

located at various points of the supply area, thus reducing the size of

pipes necessary between the central cogeneration plant sites and the

supply areas.

3. The heat is transported from the production plants to the

various parts of the supply area by hot water mains in accordance with

modern European district heating technology. Large pipes run through

tunnels for the parts of the area having adequate rock structure. Else

where underground pipes protected by concrete culverts are used. The

transport systems are built up separately in Minneapolis and St. Paul

initially and then interconnected during the second half of the period.

4. The heat is distributed from the regional system to individual

buildings and houses by a hot water distribution system that runs under

pavements, under streets, or, where possible, through cellars.
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Fig. 3. Heat load duration curve and load distribution.

Prefabricated pipes complete with insulation-and protection ducts are used.

For Scenario B, in addition to conventional current piping systems, a

newer type of piping distribution system for low-heat-density residential

areas has been examined.

5. The heating systems of existing buildings are adapted so that

they can be connected to the district heating system through heat

exchangers. Different conversions are used for buildings and houses

currently supplied by hot water, steam, or hot air.
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Fig. 4. Comparison of overall thermal efficiency of electric-only
and cogeneration power plants.

6. The cooling loads were ignored in the analysis. However, in

principle, existing absorption chillers could be converted to operate

on hot water and could be supplied from the district heating system if

certain restrictions are placed on the lowest permissible temperatures

for hot water in the summer. The total capacity of such coolers is

presently small, so that the impact on the overall economics would be

minimal.

The system is built up progressively, starting with the densest

heat load areas so as to start generating maximum revenues as soon as

possible. The heat loads of the two existing district heating systems

in central Minneapolis as well as the heat loads of some large industries

have been ignored because more detailed studies are required before

these loads can be integrated into the overall scheme.

3.2 Method for Calculations and Cost Estimates

Heat loads were calculated from data of actual gas consumption in

the various subdistricts, corrected for curtailments and other factors.



Investments for the turbogenerator conversions were based on

Swedish experience for similar conversions. Subsequent studies by NSP

confirmed these estimates. Specific costs for the regional transport

pipes were based both on available local data and on Swedish cost data

for similar pipes in the Stockholm area — a congested area with higher

specific costs than for other parts of Sweden. For the regional piping

cost used in this analysis, an additional increment was added to the

Stockholm rate. Local Minnesota data on tunneling costs were used for

tunnels. The costs of the distribution systems for the individual

subareas were estimated without going to the detail of drawing up a

road-by-road network. The costs were estimated from data on Stockholm

districts with similar ground conditions, densities, and building sizes.

Even in this case, Stockholm has higher specific costs than other Swedish

cities due to congestion and labor costs.

The regional piping system was designed using a computer program.

The impact of the operation of the cogeneration plants on the electricity

system was studied by comparing costs for all electric generating units

in the NSP utility system without and with cogeneration.

The cost estimate for converting the heating systems of existing

buildings for connection to a district heating system of the type

proposed was based on a preliminary study carried out by MEA with the

help of local consultants and advice from a Swedish consultant.

4. FUEL SAVINGS

The study shows that the district heating system would replace oil

and natural gas equivalent to 49 and 61 million barrels of oil for

Scenarios A and B, respectively, over the 20-year period studied (Fig. 5).

Without district heating, the amount of fuels used for space heating with

respect to the areas for Scenarios A and B is 57 and 72 million barrels.

After correction for extra coal consumption at the power plants, the net

fuel savings are 31 and 39 million barrels of oil, respectively. Thus,

very substantial contributions to conservation of fuel — particularly

the scarce fuels — are made. It should be pointed out that since the
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Fig. 5. Fuel savings realized with district heating,
1980-2000, Scenarios A and B.

system is developing from "ground zero" during this 20-year period, the

fuel savings in the following years will be even greater. Almost as much

fuel will be saved in the subsequent 10 years as in the first 20 years.

5. REQUIRED INVESTMENTS

The total additional investment for the utilities and buildings

is estimated at 625 million 1978 dollars for Scenario A. The total

investment for Scenario B is $1235 million with conventional distribution

technology and $1136 million with newer technology (see Table 1).

6. ECONOMICS

Whereas, in practice, the cost of consumer heat system connections and

conversions could be borne by the consumers or the utility (or both),

it was assumed in the study that the utility would finance these invest

ments. As a result, the rate charged for heat can be compared directly
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Table 1. Total investments for Scenarios A and B

Investment

($ x 106)

Scenario A

Investment per

simultaneous

maximum demanda

($/kW)

Cogeneration plants

Peak load boilers

Total production

Hot water transport

Hot water distribution

Transport and distribution

Production, transport,

distribution

Building conversion

Grand total

55

66

121

104

274

378

499

126

625

21

25

46

40

105

145

191

48

239

Cogeneration plants

Peak load boilers

Total production

Hot water transport

Hot water distribution

Transport and distribution

Production, transport,

distribution

Building conversion

Grand total

Scenario B

98 24

114 28

212 52

221 54

601 502& 149 124*

822

1034

201

1235

723

935

201

1136

203

255

50

305

178

230

50

280

2621 MW, Scenario A; 4042 MW, Scenario B.

New technology.
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with the value of the fuel replaced by the elimination of individual

boilers. The rate was set 10% below the cost of the fuel consumed by

the cheapest alternative using individual boilers. Capital and operation

and maintenance costs of individual boilers were not included in determining

the cost of heat of the district heating alternatives.

The cheapest fuel, natural gas or oil, was used to assess these

alternative costs, based on fuel price projections prepared by the

utility (NSP). Initially the cheapest fuel is gas, but from the mid-

1980s on it is oil. Swedish experience is that most consumers prefer

district heating even if the cost is higher than that for alternative

supplies because of the greater convenience.

If the cost of consumer system connections and conversions is

borne by the consumers, the utility can offer a lower rate for the heat.

This gives the consumer an additional saving that can be used to pay

the capital charges on the investments.

The difference between the utility's income from sales of heat and

the utility's annual operating costs and capital charges (including

taxes) has been termed the "net saving."

6.1 Inflation and Fuel Costs

For the base cases, predictions by NSP on future inflation rates

and development trends for fuel costs were used. These represent an

inflation rate of 5 to 6%/year at the beginning of the period which

will decrease to 4%/year by the year 2000. The cost projections are illu

strated in Fig. 6. The inflation factor is applied in calculating

investments and fuel costs in current dollars.

Coal costs are assumed to increase by about 1.3%/year in terms of

1978 dollars throughout the period. Electricity costs for auxiliaries

such as pumps also increase only slightly in terms of 1978 dollars

because the influence of some fuel price increases is counteracted by

cost reductions due to the growth of the overall system.

Oil costs are assumed to reach world market prices of $16 per barrel

of building heating oil by 1981* and to increase thereafter at about 2%/year

Significant increases in world market prices have occurred since the
beginning of the study.
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in terms of 1978 dollars (i.e., slightly more rapidly than inflation).

The mean individual boiler efficiency is 70%, and efficiency for large

heat-only district heating boilers is 90%. The additional residential

load for Scenario B is assumed to have a mean individual boiler efficiency

of 58%.

Gas prices are assumed to increase by a factor of 2.4 over the

20-year period. By the mid-1980s the gas prices to consumers begin to

exceed those for light oil (houses) and medium-grade oil (buildings).

The NSP estimators state that their oil price projections are on the

low side for the long-term view. To compensate for this, an alternative

case has been covered by the calculations in which gas and oil prices

increase by an additional 1%/year.
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6.2 Capital Charges

The capital charges (Table 2) for the district heating utility have

been calculated on two bases: (1) with municipal utility financing and

(2) with private utility financing including taxes.

Table 2. Capital charges and book depreciation periodsa

Capital (%) Capital charges (%

Base Debt Equity Interest Interest Tax
on debt on equity

Private

utility 50 50 8.4 13.36 51.95

Municipal
utility 100 6.5

aBook depreciation periods (years): transport and dis
tribution lines (35), new cogeneration plants (30), conversion
of existing turbines (20), heat-only boilers (25), consumer
substations (15).

6.3 Results

The economic calculations for Scenario A and municipal financing

show that the net savings are negative in the initial years but soon

become positive (see Fig. 7). Over the entire period, there is an

accumulated present worth net saving equivalent to 183 million 1978

dollars (Fig. 8).* With private utility financing, capital charges are

higher and the accumulated present worth net saving therefore becomes

negative — $77 million over the period studied. The sensitivity of the

result to changes in assumptions (e.g., fuel cost projections) is also

illustrated. With an intermediate financing system — private utility

for the production plant and municipal financing for piping systems — the

net accumulated savings would be about $132 million.

For Scenario B, municipal financing gives accumulated net annual

savings of $238 million and $274 million for conventional and for

newer distribution technology in the outer residential areas,

All monetary figures in this section are in terms of 1978 dollars.
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Fig. 7. Annual net savings in 1978 dollars, Scenario A.

respectively (Fig. 9). The savings are -$151 million and -$118 million

for private utility financing and +$171 million and +$201 million for the

intermediate case of private utility financing for production plants

and municipal utility financing for distribution systems. Any significant

positive net savings could be used to lower the rate charged for heat,

thereby making the district heating system even more attractive to the

customer when compared with the oil and gas alternative.
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Fig. 8. Accumulated present worth of net savings for base
case, Scenario A.

6.4 Sensitivity to Variations in Assumptions

The influence of different assumptions in the economic calculations

has been evaluated (Table 3). For example, it is assumed that piping

costs have been evaluated conservatively compared with the costs that

would result if European experience were fully utilized. A 20% reduction

in this cost would increase the accumulated net saving by about $44 million,

and a 1%/year faster rise in fuel costs would increase the accumulated

net savings by $125 million.
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Table 3. Sensitivity of net accumulated savings (millions of 1978
dollars) to changes in assumption, Scenario A

Net accumulated saving

Municipal
finance

Base case 182.8

20% lower trans

mission and dis

tribution costs 227.2

90% connection

without change
in transmission

and distribution

costsa 127.2

50% of building
conversion costs

charged to district

heating system
(instead of 60%) 189.6

1%/year faster oil
and gas cost in

creases 308.1

50% higher base-load
energy costs (coal) 81.3

District heating
rate at 5% below

alternative fuel

cost (instead of

10%) 234.3

Includes the effect

of property taxes
(4.5% for the pri
vate utility
finance)

Extends the economic

analysis another

10 years for a

total of 30 years 501.0

Private

utility
finance

-76.5

-32.5

-103.1

-62.2

-13.7

-131.8

-48.7

-133.3

11.

Change from base case

Municipal
finance

+44.4

-55.6

+6.8

+125.3

-101.5

+51.5

+318.2

Private

utility
finance

+44.0

-26.6

+14.3

+62.8

-55.3

+27.8

-56.8

+88.4

aT
Pessimistic assumption because transmission and distribution

systems would be cheaper with 90% connection.
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One of the potential benefits excluded in the analysis is the influ

ence of a deferment of investments. This could be realized by connecting

the low-pressure part of the existing steam district heating system in

St. Paul to a hot water system via a heat exchanger producing low-

pressure steam and then converting the system to water as the existing

system becomes obsolete.

The variations in assumptions produce increases or reductions in

the calculated accumulated net savings compared with the base cases.

However, the base cases are assumed to represent a reasonable assessment

with some conservatism of what really can be achieved (Table 4).

Table 4. Simplified assumptions that tend to give
conservative (+) or optimistic (-) results
compared with expectations, Scenario A

Assumption

Heat-only boilers

Neglect to use existing boilers
at 3rd Street plant in St. Paul,
at larger industries, and in
larger buildings

Assumption that sites can be found
for new oil-fired boilers at all

major line junctions

Heat storage

Neglect of use of heat accumu
lators to cut daily load peaks
and improve flexibility of
cogeneration plants

Existing low-pressure
steam system

Neglect to connect St. Paul
8-psi steam system load (about
40 MW) by heat exchanger to
delay conversion and new mains

Conservative

assumptions

+

+

+

Optimistic
assumptions
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More detailed studies are under way for the cost of converting the

existing turbogenerators, for pipe design and cost estimates related

to specified districts, and for building conversions that will allow

the economic calculations to be refined successively during 1979.

7. ENVIRONMENT

Environmental effects are being studied separately, but some general

observations may be made.

Experience from Swedish cities using mainly oil for heating indi

cates that district heating greatly improves air quality, particularly

sulfur dioxide, at street levels. This improvement is partly due to

elimination of low-level emissions and partly due to more complete

combustion. In some cases, sulfur dioxide content at street level has

been reduced by an order of magnitude. According to the assumptions

made in the economic analysis for this study, without district heating,

individual buildings would use the cheapest fuel available, which would

be oil from the mid-1980s on. If the actual practice is in accordance

with this assumption, a major increase in air pollution will occur in

the Twin Cities area. However, district heating would restrict this

pollution to limited amounts from high power station stacks, thus greatly

improving air quality. If gas is used extensively for individual heating,

even after the mid-1980s, the impact of district heating on air quality

would be reduced, but the economics of district heating would be improved

because gas prices are projected to be higher than oil prices.

8. INSTITUTIONAL ISSUES

Institutional issues are also being addressed separately. The

present report emphasizes the importance of defining ownership at an

early date, establishing favorable financing methods, at least for the

piping systems, and the following:
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1. clarifying at an early date permission to continue operation of

converted cogeneration plants, bearing in mind the net beneficial

effects on environment despite continued emission from these plants;

2. arranging forms of reasonably long-term loans for consumer connec

tion and conversion investments; and

3. devising a rate structure for the sale of heat and other incentives

to ensure that practically all consumers will connect to a distri

bution line once it is available (state and federal measures

could help fulfill this goal).

9. CONCLUSIONS

The overall conclusion of the study is that district heating on a

regional basis in the Twin Cities area is technically feasible, that

large quantities of the potentially scarce and expensive fuels (natural

gas and oil) can be saved, and that air quality can be improved. The

economics are judged to be viable provided a suitable method of

financing is used for the transmission and distribution systems.

The study should be complemented by more detailed engineering designs

before the scheme can be implemented.

Much of the information and the methodology used is applicable also

to other cities in the United States, though individual studies are

necessary to establish the economics in each case.



21

ORNL/TM-6830/P2
Dist. Category UC-95d

INTERNAL DISTRIBUTION

1. R. W. Barnes

2. S. E. Beall

3. H. Bowers

4. B. H. Bronfman

5-24. B. Brummitt

25. R. S. Carlsmith

26. J. E. Christian

27. T. E. Cole

28. J. G. Delene

29. R. C. DeVault

30. P. D. Fairchild

31. W. Fulkerson

32. R. L. Graves

33-82. M. A. Karnitz

83. 0. Klepper

84. J. 0. Kolb

85. F. Kornegay

86. C. G. Lawson

87. H. A. McLain

88 J. T. Meador

89. M. E. Merhoff

90. J. W. Michel

91. W. R. Mixon

92. B. D. Murphy

93. M. Olszewski

94. G. D. Pine

95. R. J. Raridon

96. R. C. Riepe

97. T. H. Row

98. E. C. Schlratter

99. D. Scott

100. I. Spiewak

101. W. G. Stockdale

102. J. S. Tatum

103. H. E. Trammell

104. J. M. Vance

105. T. J. Wilbanks

106. D. J. Wilkes

107-108. (2:) Central Research

Library
109. (i:) Document Reference

Section

110-111. (2) Energy Information
Library

112. (1) Laboratory Records

(RC)
113. Laboratory Records

Dept.

114. ORNL Patent Office

EXTERNAL DISTRIBUTION

115. Conrad Aas, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, Minnesota 55401.

116. Delbert Anderson, Minnesota House of Representatives 1980, State Office
Building, St. Paul, Minnesota 55155.

117. Jane Anderson, 19200 Cedarhurst, Wayzata, Minnesota 55391.

118. Jack Angland, Northern States Power, 414 Nicollet Mall, Minneapolis,
Minnesota 55401.

119. M. Todd Anuskiewicz, Michigan Energy & Resource Res. Assoc, 1200
Sixth Street, Room 328, Detroit, Michigan 48226.

120. Gary C. Ashley, 3960 Woodridge Circle, St. Paul, Minnesota 55110.

121. Eugene Avery, Public Service Department, American Center Building,
St. Paul, MN 55101.



22

122. Mike Barnes, KVB, Inc., 6176 Olson Memorial Highway, Minneapolis,
Minnesota 55422.

123. A. G. Barnstaple, 700 University Avenue, Toronto, Ontario M5MIC9.

124. William Bethea, Department of Energy, 20 Massachusetts Avenue,
Washington, D.C. 20545.

125. Stephan Bernow, Energy Systems Research Group, 120 Milk Street,
Boston, Massachusetts 02109.

126. Garet Bornstein, Department of Energy, Mail Stop 461, Washington,
D.C. 20461.

127. Joseph J. Bosl, Cleveland Electric Illuminating Co., 55 Public
Square, Cleveland, OH 44114.

128. Robert F. Botsford, Rochester Gas & Electric, 89 East Avenue,
Rochester, New York 14649.

129. Art Boll, Touche Ross & Company, 780 North Star Center, Minneapolis,
Minnesota 55417.

130. Craig Bradley, United Illuminating, 80 Temple Street, New Haven,
Connecticut 06506.

131. Don Brandt, D. H. Brandt Associates, 10101 Snow Road, Horton,
Michigan 49246.

132. Ed Browning, Consumers Power Company, 1945 W. Parnall Road, Jackson,
Mississippi 49201.

133. Alfred Bruhn, 470 Park Avenue, S, New York, New York 10016.

134. Clark Bullard, Department of Energy, Bldg-FED, Washington, D.C. 20545.

135. Edward Burgher, 802 Seventh Street, S, Virginia, Minnesota 55792.

136. George Burton, Mount Sinai Hospital, 2215 Park Avenue, Minneapolis,
Minnesota 55427.

137. William Buth, Building Owners & Managers Association, Northern Federal
Building, St. Paul, MN 55102.

138. Fred R. Callowhill, Gilbert/Commonwealth Company, P. 0. Box 8, Quechee,
Vermont 05059.

139. James M. Calm, Argonne National Laboratory, Energy & Environmental
Systems Division, 9700 South Cass Avenue, Argonne, Illinois 60439.



23

140. F. R. Carpentier, 100 Summer Street, Boston, Massachusetts 02110.

141. Fred W. Carson, McMaster University, 1280 Main Street, Hamilton,
Ontario Canada L8S 4M3.

142. James E. Carter, 118 Belvidere, Forest Park, Illinois 60130.

143. Steve Cavros, Department of Energy, Mail Stop 2221C, 20 Massachusetts
Avenue, NW, Washington, D.C. 20545.

144. John Chenoweth, Minnesota Senate, State Capitol, St. Paul, MN 55155.

145. N. B. Childress, Wisconsin Electric Company, 231 W. Michigan, Milwaukee,
Wisconsin 53201.

146. F. W. Childs (UPD, T3),EG 8G Idaho, P. 0. Box 1625, Idaho Falls, ID
83401.

147. W. R. Chopp, G. Rose Garden Court, Lathan, NY 12110.

148. Calvin W. Clark, Citizens League, Minneapolis, MN 55101.

149. Ellwood A. Clymer, Philadelphia Electric Company, 2301 Market Street,
Philadelphia, PA 19101.

150. G. W. Conkright, 7720 Lehigh Avenue, Niles, Illinois 60648.

151. Edward Cook, 410 South Third Street, Box 12, River Falls, Wisconsin
54022.

152. Robert 0. Couch, Ric-Wil, Inc., 10100 Brecksville Road, Brecksville,
OH 44141.

153. Gloria Cousar, Department of Housing & Urban Development, Room 7204,
Washington, D.C. 20410.

154. R. L. Cowles, Department of Energy, Mail Stop 2221C, 20 Massachusetts
Avenue, Washington, D.C. 20545.

155. Dick Cramer, 5916 Pleasant Avenue, Minneapolis, MN 55419.

156. John Crawford, Department of Energy, Mail Stop B-107, BLDG-GTN,
Washington, D.C. 20545.

157. Jess Cristobal, Honeywell Plaza, Minneapolis, Minnesota 55408.

158. C. W. Crooks, Baltimore Gas & Electric Gas Supply Department, Fort
Avenue and Leadenhall Street, Baltimore, MD 21203.

159. Lars-Ake Cronholm, Studsvik Energiteknik AB, S-611 82, Nykoping,
SWEDEN.



24

160. Gene Culver, Associated Director, Geo-Heat Utilization Center, Oregon
Institute of Technology, Klamath Falls, Oregon 97601.

161. C. C. Cutley, Pennsylvania Power & Light Company, 2 North Nineth
Street, Allentown, Pennsylvania 18101.

162. Frank J. Czysz, 2 North Nineth Street, Allentown, PA 18101.

163. Howard C. Daudet, Airesearch Manufacturing Company, 111 South 34th
Street, Phoenix, Arizona 85034.

164. William J. Deeham, Environment & Energy Section, Office of Environ
mental Planning, NYS Department of Public Service, Empire State
Plaza, Agency Building 3, Albany, NY 12223.

165. James B. Delano, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, Minnesota 55401.

166. Peter A. Dewitt, 1011 South Eighth Street, Sheboygon, Wisconsin
53081.

167. Peter Donnelly, Argonne National Laboratory, 9700 South Cass Avenue,
Argonne, Illinois 60439.

168. Maurice Dorton, Metropolitan Council, 300 Metro Square Building,
Seventh and Robert, St. Paul, MN 55101.

169. Kenneth F. Dowell, 10360 Columbus Circle, Bloomington, MN 55420.

170. P. R. Dwyer, Detroit Edison, 2000 Second Street, Detroit, Michigan
48226.

171. C. W. Easton, 3515 Rainier Bank Tower, Seattle, Washington 98101.

172. Bob Edeskuty, 730 Second Avenue, S, Suite 835, Minneapolis, MN
55402.

173. William W. Eldridge, 1518 Chestnut Avenue, Minneapolis, Minnesota
55403.

174. George Englesson, United Engineers & Constructors, 30 South 17 Street,
Philadelphia, Pennsylvania 19101.

175. Robert Fergusen, Department of Energy, Mail Stop B-107, BLDG-GTN,
Washington, D.C. 20545.

176. Floyd Forsberg, Project Director, Twin Resco, 234 City Hall, St.
Paul, Minnesota 55102.

177. Ward Foss, 1080 Montreal Avenue, St. Paul, MN 55116.



25

178. Andrew L. Foster, C. T. Main, Inc., Southeast Tower, Prudential
Center, Boston, Massachusetts 02199.

179. Donald R. Franzmann, 100 North Barstow Street, Eau Claire, Wisconsin
54701.

180. P. E. Fuller, Pfeifer & Shultz HDR, Inc., 5401 Gamble Drive,
Minneapolis, Minnesota 55416.

181. Rudolph J. Gallina, Baltimore Gas & Electric Company, 1508 Woodlawn
Drive Livingston, NJ 07039.

182. Jim Gait, Reynolds, Smith & Hills, P. 0. Box 4850, Jacksonville,
Florida 32201.

183. Howard S. Geller, School of Engineering, The Engineering Quadrangle,
Princeton, New Jersey 08540.

184. R. M. Gerzetich, Consumer Power Company, 212 W. Michigan Avenue,
Jackson, Michigan 49201.

185. John Gilbert, Department of Energy, BLDG-FORSTL, Washington, D.C.
20545.

186. W. M. Gillespie, Dayton Power & Light Company, Courthouse Square, SW,
Dayton, Ohio 45401.

187. Robert Gish, No. 980, 150 E. Kellogg Blvd., St. Paul, Minnesota
55101.

188. Ed Glass, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, Minnesota 55401.

189. Bruce Glassford, Modern Power & Engineering, 481 University Avenue,
Toronto, Ontario Canada MSW1A7.

190. Jack Gleason, Earth Resource Research, 2641 Garfield Street, NW,
Washington, D.C. 20008.

191. Professor Leaon R. Glicksman, MIT 3-137, 77 Massachusetts Avenue,
Cambridge, Massachusetts 02139.

192. Max Goldbert, City of Minneapolis, Minneapolis, Minnesota 55415.

193. Neal Goldenberg, Department of Energy, Mail Stop B-107, BLDG-GTN,
Washington, D.C. 20545.

194. Ron Griffith, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, Minnesota 55401.



26

195. Janet F. Gonzalez, 160 S. Kellogg Boulevard, St. Paul, MN 55101.

196. Duane Grier, Moorhead State University, 923 Sixth Avenue South,
Moorhead, Minnesota 56560.

197. Charles Grua, Environmental Control Technology, Mail Stop E-201,
Department of Energy, Washington, D.C. 20545.

198. Ken Hagstrom, Touche Ross & Company, 780 North Star Center, Minneapolis,
Minnesota 55402.

199. Frank Hanley, Northstar Division TPCO, 930 Shokie Highway, Lake
Bluff, Illinois 60044.

200. William C. Hanselman, Hanselman-Eskow & Associates, 6054 Deerfield
Street, Dayton, Ohio 45414.

201. Erwin G. Hansen, Syska & Hennessy, Inc., 110 West 50th Street, New
York, New York 10020.

202. John L. Hanson, 3222 Snelling Avenue, Minneapolis, MN 55406.

203. Harvey Happ, Manager of Advanced System Technology, Building 4 Room
210, Electric Utility System Engineering Department, 1 River Road,
Schenectady, New York 12345.

204. Noel D. Hazzard, Combustion Engineering, Inc., 1000 Prospect Hill
Road, Windsor, CT 06095.

205. Wesley Hellen, Wisconsin Electric Power Company, 231 W. Michigan,
Milwaukee, Wisconsin 53201.

206. Burnell Hendrikson, 706 18th Street, SE, Austin, Minnesota 55912.

207. Gerald Hill, Director of Technology Program, One Exchange Place,
Suite 1230 Atlanta, Georgia 30338.

208. Neil B. Hilsen, Systems Engineering Division, Engineering Experiment
Station, Georgia Institute of Technology, Atlanta, Georgia 30332.

209. Howard Hirsch, 3316 W 66th Street, Minneapolis, Minnesota 55435.

210. Gene Holzer, Engineered Sales Company, 311 West 44th Street,
Minneapolis, Minnesota 55409.

211. Randy Hoskin, Rocket Research, 11441 Willows Road, Redmond, WA 98052.

212. Herbert Jaehne, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, Minnesota 55401.

213. Algernon Johnson, Minnesota Energy Agency, American Center Building,
St. Paul, MN 55102.



27

214. Peter A. Johnson, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, MN 55401.

215. Randall E. Johnson, 2400 Government Center, Minneapolis, Minnesota

55487.

216. Peter Jones, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, MN 55401.

217. Anssi Kalmari, Ekono, Inc., 410 Bellevue Way, SE, Bellevue,
Washington 98004.

218. John Kari, Metro Council, St. Paul, MN 55101.

219. J. Karkheck, Brookhaven National Laboratory, Upton, New York 11973.

220. Jack Katlner, HDR, 5401 Garmble Drive, Minneapolis, MN 55416.

221. James J. Kavaloski, Suite 316 Courthouse, St. Paul, MN 55102.

222. Carey Kinney, Department of Energy, Mail Stop E178, Bldg-GTN,
Washington, D.C. 20545.

223. Kaarlo Kirvela, Ekono 0Y, PL27, SF-00131, Helsinki, FINLAND.

224. Richard Klink, PERMA-PIPE Division, Midwesco, Inc., 7720 N. Lehigh
Avenue, Niles, Illinois 60648.

225. Paul Klisiewicz, Charles T. Main, Inc., Southeast Tower, Prudential
Center, Boston, Massachusetts 02199.

226. Tom Kosvic, KVB, Inc., 6176 Olson Memorial Highway, Minneapolis, MN
55422.

227. Edward Kozan, 813 Fifth Street, Virginia, MN 55792.

228. Richard E. Kremer, Hennepin County, 2400A Government Center,
Minneapolis, Minnesota 55487.

229. Jane Ladky, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, Minnesota 55401.

230. James P. Lagowski, Detroit Edison, 2000 Second Avenue, Detroit,
Michigan 48226.

231. William F. Laidlaw, Northern States Power Company, 825 Rice Street,
St. Paul, Minnesota 55117.

232. Clarence Lamers, Wisconsin Public Service Company, P. 0. Box 7000,
Green Bay, Wisconsin 54305.



28

233. Fred F. Lange, ASHRAE-Minneapolis, Engineer, 1500 E. 79th Street,
Minneapolis, Minnesota 55420.

234. Kaleri Lappa, Ekono, Inc., 410 Bellerue Way, SE, Bellerue, Washington
98007.

235. Kjell Larssan, Studsvik Energiteknik AB, S-611 82, Nykoping, Sweden.

236. Ronald E. Larson, Public Service Company of Colorodo, 11 Rainbow
Crest Drive, Golden, Colorodo 80401.

237. Mayor George Latimer, 347 City Hall, St. Paul, MN 55102.

238. Robert Lawton, Subcommittee Energy & Power, Room 3204, House Office
Building Annex, Washington, D.C. 20515.

239. Peter Lazare, Department of Public Service, 1863 Iglehart Avenue, St.
Paul, Minnesota 55104.

240. Rod Leas, 775 Osceola, St. Paul, MN 55113.

241. C. C. Lee, Environmental Protection Agency, 5555 Ridge Avenue,
Cincinnati, Ohio 45268.

242. Gerald Leighton,Department of Energy, BLDG-20 Mass, Washington, D.C.
20545.

243. Erv Lentz, Gluidyne Engineering Corporation, 5900 Olson Memorial
Highway, Minneapolis, MN 55422.

244. Kalevi Leppa, Ekono, Inc. 410 Bellevue Way, SE, Bellevue, WA 98004.

245. T. Lindahz, Swedish Trade Office, 333 N. Michigan, Chicago, Illinois
60601.

246. Ken Linwick, Minnegasco Energy Center, Inc., 733 Marquette Avenue,
Minneapolis, MN 55402.

247. Eric Lister, Department of Energy, Mail Stop E-178, BLDG-GTN,
Washington, D.C. 20545.

248. Kenneth P. Lue Phang, Tennessee Valley Authority, Liberty Building,
Knoxville, TN 37902.

249. Raymond H. Lund, Electric System Planning Department, Baltimore Gas &
Electric Company, 1220 Gas & Electric Building, Baltimore, MD 21203.

250. Gordon Lundskow, Methodist Hospital, Division of Plant Service,
Rochester, MN 55901.



29

251. W. L. Lundy, Bagley Industrial Division Comm., Route No. 1, Box 14A,
Bagley, MN 56621.

252. Tom McCauley, City of Moorhead, 1212 23rd Avenue, South, Moorhead,
Minnesota 56560.

253. C. L. McDonald, Battelle Pacific Northwest Laboratory, P. 0. Box 999,
Richland, Washington 99352.

254. John D. McVay, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, MN 55401.

255. F. Mach, Northern States Power Company, 414 Nicollet Mall, Minneapolis,
MN 55401.

256. Rainer Makirinne, Department of Public Utilities, 220 Third Street
South, Virginia, MN 55792.

257. Richard L. Manning, City of St. Paul, 170 City Hall Annex, 25 W
Fourth Street, St. Paul, MN 55102.

258-267. Peter Margen, Studsvik Energiteknik AB, S-611 82 NYKOPING SWEDEN.

268. Frank W. Marshall, Seattle Steam Corporation, 1205 People's National
Bank Building, Seattle, Washington 98171.

269. Amos Martin, St. Paul Area Chamber of Commerce, Osborn Building,
St. Paul, MN 55102.

270. David M. Martin, Owatonna Public Utilities, Owatonna, MN 55060.

271. John Moen, Minnesota State Capital Annex, Administration Building,
St. Paul, MN 55155.

272. Mathiason, Morehead State University, 1122 25th Avenue, South,
Moorhead Minnesota 56560.

273. Robert Mauro, EPRI, P. 0. Box 10412, Palo Alto, CA 94303.

274. Rene' H. Males, EPRI, P. 0. Box 10412, Palo Alto, CA 94303.

275. Thomas Maxwell, NYS Energy Office, Building 2 9th Floor, Rockefeller
Plaza, Albany, NY 12223.

276. John McCabe, Rocet Research Company, York Center, Redmond, Washington,
98052.

277. Charles F. Meyer, General Electric TEMPO, P. 0. Drawer QQ, Santa
Barbara, California 93102.



30

278. James Mielke, Northern States Power Company, 360 Wabasha, St. Paul,
MN 55102.

279. Eugene Miliczky, IDHA, 4377 Walden Avenue, Lancaster, NY 14086.

280. John Millhone, Department of Energy, 20 Massachusetts Avenue,
Washington, D.C. 20545.

281. Paul D. Mitchell, Honeywell, Inc., 2301 Taft Street, NE, Minneapolis,
MN 55418.

282. Thomas Mol, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, MN 55401.

283. Mike Morris, General Electric, 5353 Gamble Drive, Minneapolis, MN
55415.

284. Alice Murphy, 347 City Hall, St. Paul, MN 55102.

285. Bradley Nelson, Northern States Power Company,- 414 Nicollet Mall,
Minneapolis, Minnesota 55401.

286. Dallas E. Nelson, Litchfield Public Utilities, 421 West Third Street,
Litchfield, MN 55355.

287. Luther Nelson, Hennepin County, 320 Washington Avenue, South,
Hopkins, Minnesota 55343.

288. Wendel L. Nies, Minneapolis Public Schools, 1101 Third Avenue, S,
Minneapolis, MN 55404.

289. Helge Nurmi, Detroit Edison Company 2000 Second, Detroit, MI 48236.

290-. Hans Nyman, District Heating, Minnesota Energy Agency, 150 E. Kellogg
299. Boulevard, St. Paul, MN 55101.

300. Ted C. Odenwald, General Manager, Municipal Utilities Commission, 704
Litchfield Avenue, SW, P. 0. Box 937, Willmar, MN 56201.

301. I. Oliker, Burns & Roe Industrial Services Corporation, 496 Kinderkamack
Road, Oradell, NJ 07649.

302. Cliff Olson, First National Bank, St. Paul, MN 55101.

303. Roger W. Olson, Metropolitan Medical Center, 900 S Eighth Street,
Minneapolis, MN 55404.

304. John Pearce, 19785 Zebulon, Elk River, MN 55330.

305. R. B. Pearce, Consumers Power Company, Jackson, Michigan 49201.



31

306. Dewitt I. Pero, Syracuse University Steam Station, 500 E Taylor
Street, Syracuse, NY 13202.

307. Eric Peterson, Department of Energy, DGRA, 12th and Penn, Washington,
D.C. 20461.

308. John E. Peterson, Honeywell, Inc., 7515 12th Avenue South, Richfield
MN 55423

309. John F. Petras, Westinghouse Electric, 469 Mt. Alverno Road, Media,
Pennsylvania 19063.

310. C. W. Phillips, National Bureau of Standards, Building 225, Room
A148, Washington, D.C. 20234.

311. Thomas M. Piascik, Public Service Electric and Gas Company, 80 Park
Place, Room 6309, Newark, NJ 07101

312. Theodore Pietrini, Department of Public Utilities, 1906 Wolf Road,
Virginia, MN 55792.

313. Dino Pirolo, Department of Public Utilities, 916 Seventh Avenue
South, Virginia, MN 55792.

314. Frank J. Plourde, Northern States Power Company, Box 176B, Somerset,
WI 54095.

315. Steven E. Pochardt, Upper Mississippi River Basin Commission, 4112
46th Avenue, South, Minneapolis, MN 55406.

316. Bruce F. Pyle, Glaus, Pyle, Schomer, Burns & Dehaven, 341 White Pond
Drive, Akron, Ohio 44320.

317. William J. Rademacher, Northern States Power Company, 414 Nicollet
Mall, Minneapolis, MN 55412.

318. Reynold S. Rahko, United Power Association, 706 Birch Street, Anoka,
MN 55303.

319. James W. Ramsey, University of Minnesota, 2125 Unity Avenue, N,
Minneapolis, Minnesota 55422.

320. Clifford E. Ramsted, St. Paul Port Authority, 25 E 4th Street, St. Paul,
Minnesota 55101.

321. Ron Rasmussen, Iowa State University, IDHA, 1603 Truman Drive, Ames,
Iowa 50010.

322. George L. Reichert, Northwestern University, Central Utility Plant,
2025 Sheridan Road, Evanston, Illinois 60201.



32

323. Don Reger, Engineering Sales, 311 W. 44th Street, Minneapolis, MN
55409.

324. William Reinhardt, Planner, State of Maryland, Energy Policy Office,
301 West Preston Street, Baltimore, Maryland 21202.

325. Gordon M. Reistad, Department of Mechancial Engineering, Oregon State
University, Corvallis, Oregon 97331.

326. William Rice, Resource Applications, Department of Energy, Washington,

D.C, 20545.

327. Francis B. Richerson, 3-M Company, 1600 Lamplight Drive, St. Paul,
MN 55119.

328. Mack A. Riley, Alabama Power Company 15 S 20th Street, Birmingham,
Alabama 35233.

329. Gene Robertson, Northern States Power Company, 9820 W. 16th Street,
Minneapolis, MN 55415.

330- John Rodousakis, Department of Energy, Community Systems Branch, 20
349. Massachusetts Avenue, NW, Washington, D.C. 20545.

350. Glen Roningen, United Power Association, Highway 10, Elk River, MN
55330.

351. Thomas E. Root, Detroit Edison, 2000 Second Avenue, Detroit, Michigan
48226.

352. Jerome H. Rothenberg, Department of Housing & Urban Development, 451
Seventh Street, SW, Room 8158, Washington, D.C. 20410.

353- Alan Rubin, Department of Energy, Mail Stop B107, BLDG-GTN, Washington,
372. D.C. 20545.

373. Harvey Sandstrom, Duluth Steam Coop. Association, 504 1st Federal
Savings Building, Duluth, MN 55802.

374. Katherine E. Sasseville, Minnesota Public Service Commission,

American Center Building, 150 E Kellogg Boulevard, St. Paul, MN

55101.

375. William F. Savage, Department of Energy, Mail Stop B-107, BLDG-GTN,
Washington, D.C. 20545.

376. Maxine Savitz, Department of Energy, BLDG-20 Mass, Washington, D.C.
20545.

377. Gene A. Scales, Honeywell, Inc., 2600 Ridgeway Parkway, MN19-T113,
Minneapolis, MN 55413.



33

378. John Schaefgen, National Bureau of Standards, Room A-146, Building
225, Washington, D.C. 20234.

379. Lee Schripper, Lawrence Berkley Labs, Berkley, Ca 94720.

380. Jack Schutz, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, Minnesota 55412.

381. Stan Selander, United Power Association, Highway 10, Elk River,
MN 55330.

382. Isiah Sewell, Department of Energy, 20 Massachusetts Avenue, NW,
Washington, D.C. 20545.

383. Larry Shaw, Regional Environmental Educational Council, 615 Oak
Street Brainerd, MN 56401.

384. Joanne Showalter, 713 City Hall, St. Paul, MN 55102.

385. Bruce L. Shults, Public Service Company of Colorado, 7458 S Ogden
Way, Littleton, Colorado 80120.

386. Arthur Siwarnock, Westinghouse Electric Company, 110 Locust Avenue,
Springfield, PA 19064.

387. Walter Sinton, Westinghouse Electric Company, 2712 N Kent Road,
Broomall, PA 19008.

388. Vertner J. Skretting, City of Minneapolis, Department of Public
Works, Room 203, City Hall, Minneapolis, MN 55415.

389. John Slothower, Gilbert/Commonwealth, 2413 Indian Road, W,
Minnetonka, Minnesota 55343.

390. Warren Soderberg, University of Minnesota, 200 Shops Building,
Minneapolis, MN 55455.

391. Robert Staplin, Charles T. Main, Associates, Southeast Tower,
Prudential Center, Boston, MA 02199.

392. Richard D. Starn, MPCA, 1935 W. Co, RD B-2, Roseville, MN 55113.

393. Vern E. Stelmack, Orr-Schelen-Mayeron & Associates, Inc., Suite 238,
2021 East Hennepin Avenue, Minneapolis, MN 55413.

394. Don Stephani, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, MN 55401.

395. Sheldon Strauss, Power Magazine, McGraw Hill Publications, Company,
1221 Avenue of the Americas, New York, NY 10020.



34

396. Al Streb, Department of Energy, Mail Stop 2221C, 20 Massachusetts
Avenue, NW, Washington, D.C. 20545.

397. Bo Strombo, AGA-CTC Heat Exchanger, AB, Box 60, 37201 Ronneby, SWEDEN.

398. Fred Strnisa, New York State Energy Research & Development Authority,
Agency Building No. 2, Empire State Plaza, Albany, NY 12223.

399. John L. Sullivan, Con Edison, 27 Crescent Street, Hicksville, NY
11801.

400- Ronald Sundberg, Minnesota Energy Agency, American Center Building,
419. 150 E Kellogg Boulevard, St. Paul, MN 55101.

420. Carl Sundquist, Department of Public Utilities, 806 Sixth Street, S,
Virginia, MN 55792.

421. Mike Swedish, Wisconsin Electric Company, 231 W Michigan Street,
Milwaukee, WI 53203.

422. Norman R. Taylor, Baltimore Gas & Electric Company, 1068 N. Front
Street, Room 300, Baltimore, MD 21203.

423. Robert E. Terrell, Wisconsin Division of Planning & Energy, University
of Wisconsin, Madison, WI 53702.

424. Raymond G. Tessmer, Jr., Brookhaven National Laboratory, Upton,
NY 11973.

425. Mark Thornsjo, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, MN 55401.

426. Ervin Timm, Energy Consumers Association, Osborn Building, St. Paul,
MN 55102.

427. A. E. Toole, Department of Public Works, Sir Charles Tupper Building,
Riverside Drive, Ottawa, Ontario CANADA K1A 0M2

428. R. H. Tourin, Stone & Webster Engineering Corporation, New York
Operations Center, One Penn Plaza, New York, NY 10001.

429. Lawrence E. Tuck, Boston Edison Company, 800 Boylston Street, Boston,
MA 02199.

430. George F. Urbancik, Baltimore Gas & Electric Company, Lexington &
Liberty Street, Baltimore, MD 21201.

431. John Vandermolen, University of Guelphy, 37 Havelock Street, Guelph
(ONT) CANADA N1E-4G6.

432. Ron Visness, Minnesota Energy Agency, American Center Building, 150 E
Kellogg Blvd., St. Paul, MN 55101.



35

433. David W. Wade, Georgia Institute of Technology, 225 North Avenue,
Atlanta, GA 30332.

434. Omi G. Walden, Department of Energy, BLDG-20 Mass, Washington, D.C.
20545.

435. Warren L. Waleen, Minnegasco, 9525 Wayzata Blvd., Minneapolis, MN 55426.

436. Robert E. Walker, Ric-Wil, Inc., 10100 Brecksville Road, Brecksville,
Ohio 44141.

437. Robert L. Waller, Pacific Gas & Electric Company, 18th & Shotwell
Streets, San Francisco, CA 94110.

438. Ed Warn, St. Paul Planning Department, 1101 City Hall Annex, St. Paul,
Minnesota 55102.

439. Emi L. Wasilowski, Strat. Systems, Inc., 11925 Larc Ind. Blvd.,
Barnsville, Minnesota 56514.

440. Roy E. Waters, Ontario Hydro, 700 University Avenue, Toronto, Ontario,
CANADA.

441. Jean Westberg, Northern States Power Company, 3724 40th Avenue, S,
Minneapolis, MN 55406.

442. Michael Whalen, Northern States Power Company, 5101 Eleanor Lane,
Brooklyn Center, MN 55429.

443. Robert C. White, Worthington Municipal Utilities, 1022 Douglas
Avenue, Worthington, MN 56187.

444. Earl Wick, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, MN 55401.

445. David Wolfson, University of Minnesota, 319 15th Avenue, SE,
Minneapolis, MN 55455.

446. David E. Wright, Rocketdyne Division, Rockwell International, Canoga
Park, CA 91304.

447. J.S. Yampolsky, General Atomic Company, P. 0. Box 81608, San Diego,
California 91238.

448. Donald M. Youngdahl, Northern States Power Company, 414 Nicollet
Mall, Minneapolis, MN 55401.

449. Assistant Manager, Energy Research and Development, D0E-0R0.

450- Given distribution as shown in TID-4500 under UC-95d, Energy
766. Conservation — Buildings and Community Systems. (25 copies — NTIS).

iHJ.S. GOVERNMENT PRINTING OFFICE: 1979-640-079-181


	image0001
	image0002
	image0003

