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I. Summary

During the period from November 11-21, 1978, a United States delegation
visited the Soviet Union for a.meeting of the Joint U.S.-U.S.S.R.
Coordinating Committee on Scientific and Technical Cooperation in the

Field of Thermal Power Plant Heat Rejection Systems and to participate

in a joint symposium on the same subject. Table 1 presents the agenda
of the visit.

The U.S. delegation was as follows:

J. Neal, Acting Assistant Director, Division of Fossil Fuel

Utilization, U.S. Department of Energy, and U.S. Chairman
of the Joint Committee

W. Savage, Actihg Chief, Advanced Systems Evaluation Branch,
Advanced Systems and Materials Production Division, U.S.
Department of Energy

J. Lewin, Union Carbide, Oak Ridge National Laboratory and
U.S. Interpreter -

*J. Maulbetsch, Electric Power Research Institute
G. Englesson, United Engineers and Constructors, Inc.

The Soviet pefsonnel contacted are listed in Table 2. It should be

noted, however, that the principal members of the Soviet delegation
were as follows:

V. I. Savin, Ministry of Power and Electrification and U.S.S.R.
Chairman of the Joint Committee

R. Minasyan, Teploelectroproect

G. Ageev,-Teploelectroproect

L. Galperin, Teploelectroéroect and Soviet Interpreter

I. Aiekseev,‘Teploelectroproect _ | !

During this visit, meetings were held with personnel of the following
organizations and at the facilities noted below:

o Razdan, Armenia dry éooled power plant

o Teploelectroproect (TEP), Moscow

o Ministry of Power and Electrification (Moscow and Leningrad)



"0 B. E. Vedeneev All-Union Institute of Hydraulic Engineering

(VNIIG), Leningrad

o Mosenefgo Cogenerating Plant 21 (Moscow)

It should be noted that although the Joint Committee title refers only to
Heat Rejection Systems, the program of cooperation had been expanded to
include cogeneration (concurrent production of electricity and process
steam or thermal energy for district heating) and beneficial uses of power
plant reject (waste) heat.

The following is a brief summary of data obtained as a result of the
meetings, symposium, and facility visits.

1.

The Soviet Union has been reducing fuel use per Kwh of power
generated 'with a consumption in 1970 of 348 g (o0il) per kwh,
334 g/¥wh in 1977, and 325 g/Kwh in 1978. The Soviets did
state, however, that they have not reached the best U.S.
performance of 305 g/Kwh. ToBal electrical energy produced
in the U. S S.R. was 1150 x 10° Kwh in 1977.

In 1976, about 25% of the electric energy in the U.S.S.R. was
produced by plants operating in the cogeneration mode. This
represented 60,000 MWe or about 1/4 of the electrical power
produced by all central station power plants (240,000 MWe).
Approximately 65% of the population get heat from central
sources, either cogeneration or boiler plants. The heat
utilized from the power plants was about 4 billion gigajoules
(4 BGJ) in 1976 or about 40% of the available low level heat.
The plan for 1980 is to have 77,000 MWe of cogenerating
capacity and to utilize 5 BGJ of thermal energy.

Considering the cost of fossil fuels in the Western U.S.S.R.,
nuclear cogeneration of electricity and heat apears most eco-
nomic. Both 500 MWe and 1000 MWe Pressurized Water Reactors
(PWR’s) are being considered for cogeneration with one turbine
employed at the lower rating and two at the higher. Both
condenging_and.extraction turbines are being considered and
are designated TK-500 and T-500, respectively. Maximum
extraction heat values are considered as 450 gigacalories/hr.
for the 500 MWe plant and 900 for the 1000 MWe plant. Both
two-unit and four-unit power stations are being considered.
From -1990 onward, it looks like the 1000 MWe PWR will be
"best" for district heating cogeneration use. Two 1000 MWe
cogenerating units can meet the demands of 250,000 people.
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4.

A 500 MWt reactor is being considered for only supplying heat with
no concurrent production of electricity.* Hot water would be heated
to 150°C at the heat rate of 430 gigacalories per hour. It should
be noted that containment will be utilized and that the Soviets are
thinking of locating these plants within 2-3 km from large populated

‘areas.

‘Jlﬁia district heating system, piping costs comprise 70-80% of the

héat distribution system and about 40-50% of the amount required

"for construction of the cogeneration plant. For large pipes

carrying hot water for district heating, 2000 tons of steel are
required per kilometer. The locating of the 500 MWt reactor near
populated areas (see item 4 above) greatly reduces. the amount of
pipe required and lowers systems capital cost.

The Soviet Union is building a wet/dry cooled power plant at
Esfahan in Iran. This plant, consisting of four 200 MWe. units, .
will employ dry cooling towers capable of partial operation in

a wet/dry mode. These towers. are essentially a dry tower within
a dry tower. The major outer section operates for base cooling
and the inner section operates for peaking. At very high ambient
temperatures, water is sprayed in the peaking dry system for air
humidification purposes and improved cooling capability.

Four dry cooling towers are in operation at the Razdan, Soviet
Armenia, power plant. Two are rated at 200 MWe and two at 210 MWe -
(approximately 350-400 MWt of heat rejected by each tower). A
detailed discussion of the Razdan cooling towers is given in Refer-
ence l. It was noted that twice each year the cooling surfaces are
cleaned by blowing off by the use of old aircraft jet engines (of
which there appears to be a surplus) any material which has collected
on them; however, without cleaning over a two-year period, only a 1%
loss in power plant efficiency occurred. The turbines are capable
of operation up to 12" Hg back pressure. It should be noted that
the boilers at Razdan can be fired with natural gas or residual. oil.
It was also noted that the natural gas supply is "interruptable"
since it is obtained from Iran.

The Soviets have had a greenhouse in operation for 7 yearé‘which
also is used for condenser cooling. Condenser cooling water flows
over the roof of the greenhouse in a layer 6-8 cm. thick and is
taken by downcomers back to the condenser. The water layer provides
both insulation and heat . for the greenhouse and heat rejection to
the atmosphere. 4 ‘

*See Appendix B, "Cogeneration Nucleat Power Stations and Boiler
Stations - Problems and Future Outlook" by V. Tatarnikov, et al.



9. The Soviets have found that domestic fish production can be
increased from 100 Kg/ha for a natural lake to 600 Kg/ha for ponds
using controlled temperatures and feeding. By the use of fish
indigenous to India and the U.S., they believe that this rate can
be raised to 1000 Kg/ha. It is planned to grow 2000 tonnes per year
of fish at the Kursk nuclear power plant using ponds employing power
plant waste heat. This will be the first fish raising system to be
employed where there is a continuous control of power plant condi-
tions to meet fish production conditions. Fish farming is also
provided for at Unit 2 at the Chernobyl Fish Station.

‘'10. The functions of the B. E. Vedeneev All-Union Institute of Hydraulic
Engineering (VNIIG) in Leningrad have been reported in previous
documents (e.g., ERDA 77-77). VNIIG is a basic research institu-
tion with about 2000 personnel (about one-half being engineers and
scientists). There are a number of branches (e.g., Krasnoyarsk in
Siberia, Narva in Estonia). There are a total of about 30 labora-
tories. In Leningrad the total staff is about 1500. One area of
investigation at present is turbine runners in that they are
attempting to select materials resistance to cavitation since,
for pumped storage applications, the runner must act as both a
pump and a turbine.

11. A detailed description of the Mosenergo Cogenerating Plant 21
is given in Reference 2. Plant No. 21 provides electric power
and space heating for 1.5 million people in the city of Moscow.
The plant is oil-fired and consists of six 100 MWe units and two
250 MWe units, all .capable of operating in a cogeneration or full
condensing mode. Maximum heat capacity is 3,800 gigacalories/hr
of which 2200 gigacalories/hr is provided by 14 peak boilers
required at temperatures below 0°C. The average plant heat
rate in 1977 was 207 gm/Kwh (reference fuel: 7000 kcal/Kg or
12,600 B/1b) or 168 Kg/gigacalorie. The generating cost was
0.052 R/Kwh (~7.5 mils/Kwh) or 3.63R/gigacalorie (~$1.50/10® BTU).*

At the meeting of the Joint Committee, it was agreed that a joint
symposium would be held in October 1979 in Washington, D.C. In order

to conserve time at the October 1979 symposium, summary papers would

be given verbally rather than attempting to present an edited version

of the complete paper. These summary papers would be exchanged in
August of 1979 and complete papers exchanged at the symposium. This
procedure would allow a longer time for technical discussions during the
symposium.

*U.S. cost equivalents are based on a commercial exchange rate of $1.56
per ruble (R).




Appendices A and B present the U.S. and U.S.S.R. papers respectively as
given at the joint symposium in Razdan. It should be emphasized that
due to time limitations, verbal presentations were essentially synopses
of the papers but complete papers were exchanged.

Appendix c presents detailed information on the Razdan Power Plant as
obtained from a brochure distributed during the plant visit. The
original document contains pictures of the plant which are not included
in the Appendix.

Appendix D is taken from a Soviet brochure on the Armenian power grid
and power plant facilities (nuclear, fossil, hydro). It is included
for information purposes.

Note: The conclusions and comments contained in this report are based
primarily on the results of plant visits, verbal presentation of
‘papers and comments by Soviet personnel. The reader is referred
to the Soviet papers (Appendix B) if there is any misunderstanding
with comments given herein concerning verbal presentations of
those papers.



II. Results of Technical Meetings and the Symposium

A.

Power Plant Heat Dissipation Systems

The major portion of the Razdan Power Station in Armenia,
U.5.5.R., is dry cooled. Total design power output for the
plant employing natural draft dry cooling is 820 MWe. Four dry
towers are employed, two rated at 200 MWe and two at 210 MWe.
These towers are of welded steel frames covered with corrugated .
aluminum sheets. This type of construction was utilized due to
earthquake hazards.

It should be noted that the first capacity at Razdan was 320 MWe
cooled by small evaporative towérs.' These are still in operation
and the total plant capacity is 1140 MWe with 360 gigacalories of
heat available from the cogenerating turbines of the old plant.

The plate/fin type cooling surfaces were utilized (Hungarian
Heller-Forgo type) with cooling panels located around the
periphery at the base of the dry towers. Control of air
flow is maintained by motor operated louvers. The cooling
panels are 15m high. The towers are 120m high and have a
base diameter of 108m.and a top diameter of 60m. A complete
description of the Razdan Power Plant and cooling system is
given in Appendix C. Details concerning tower design and
construction are given in Reference 1.

Since a problem of interest to the U.S. delegation was the

effect on cooling performance of particulates collecting on

the dry cooling surfaces, data were obtained on the effect .

of cleaning. It is normal practice to blow off by use of
aircraft jet engines any material which has collected on the
cooling surfaces twice each year. However, without such cleaning
over a - two year period (1971-73), only a 1% loss in power plant
efficiency occurred. It was believed that surface fouling might
be a problem due to the fact that a cement plant is located near
the power plant.

Upon-.entry into the operating cooling towers, flow velocity....
at the internal faces of the cooling panel was very noticeable.
Since it was snowing heavily outside at the time, a fine water
mist. was also apparent due to melting on the heat transfer sur-
faces: As would be expected there was no apparent air velocity
at the center of the base of the tower. Extra cooling panels
are stored inside the base area for replacement as needed. 1It.
was -indicated, however, that the replacement rate is very low.

Another point concerning the Razdan Plant should be noted. The
boilers can be fired with natural gas or residual oil. The




natural gas supply is obtained from Iran and it is considered’
as "interruptable." :

The Soviet Union is building a wet/dry cooled power plant at
Esfahan in Iran. This plant, consisting of four 200 MWe units,
will employ dry cooling towers capable of partial operation

in a'wet/dry mode. These towers are essentially a dry tower
within a dry tower. The major outer section operatés for

base cooling and the inner section operates for peaking. For
examgle, the maJor dry section operates up to 30.5C. From
30.5" to 32 5°C the peaking dry section is brought on. line.
Above 32.5°C a water spray is started on the peaking section
for air humidification. The conventional approach of deluglng
the dry surfaces with water is not used (such as was planned

at Ivanovo) since the design group for the Ivanovo deluge wet/
dry cooling towers said that a water film cannot be formed on
the Forgo (Hungarian) plate/fin surfaces. The gap between the
fins is about 3.5 mm and "there is not sufficient space for air
and water." Opening up the fin pitch causes loss of performance
when operating in the dry mode. The Ivanovo deluge dry cooling
towers are not in operation as yet.

The climatic conditions at Esfahan afe as follows:

Average annual temperature . _ 16.1°%
Maximum temperature ‘ 40°c +
Minimum temperature A -10.40C
Relative Humidity @ 40°C 10%

With the humidification system in operation at 40°C, the power
plant loses less than 5% in output. Water flow rate in 44
cubic meters per hour.

A detailed discussion of the Esfahan system is given in a paper
in Appendix B, "A System of Heat Removal for an Electric. Power -
Station Located in a Dry Subtropical Climate.”

The Soviets have had a greenhouse in operation for 7 years which
also is used for condenser cooling. Condenser cooling water
flows over the roof of the greenhouse in a layer 6-8 cm. thick
and is taken by downcomers back to the condenser. The water
layer provides both insulation and heat for the greenhouse and
heat rejection to the atmosphere. Problems are algae growth
and the lack of need for the water layer in the summer.
Greenhouse temperatures are in the range of 15°C to 25°%C. The



present greenhouse system does not have sufficient surface areas
to fully meet the condenser required AT and a spray system may
be incorporated. Further information on this system is given in
a Soviet paper in Appendix B.

The Soviets are now building a 6,000 sq. m. greenhouse near
Kashira. It is hoped that this installation will answer
whether the roof cooling concept should be used in other
installations.

B. Fuel Utilization and Cogeneration

The Soviet Union has been reducing fuel use per Kwh. of power
generated with a consumption in 1970 of 348g (oil) per Kwh.,
334g/Kwh. in 1977 and 325g/Kwh. in 1978. The Soviets did
state, however, that they have not reached the best U.S.
performance of 305g/Kwh. These fuel rates do not consider

any credit for cogeneration. For the Mosenergo Cogenerating
Plant 21 in Moscow, the heat rate in 1977 based on credit for
heat utilization for district heating was 207g/Kwh. (reference
fuel of 7000 Kcal/Kg or 12,600 B/1b) or 168 Kg/gigacalorie.

Planning of a large district heating system for a city takes
from 10-15 years with 5-7 years for the major initial construc-
‘tion stage. It was noted by the Soviets that the major areas
of research in cogeneration are the following:

1.

Improving efficiency of the plant and reliability of the
distribution grids.

Joint operation of several sources of heat supply on the
same grid system.

Operation of the cogenerétion system.

Decreasing the amount of steellpiping used in the distribu-
tion system. About 2000 tons of steel pipe are required
from a large cogenerating district heating plant.
Decreasing the use of single pipe (no return) systems.

Improving pipe laying without tunnels.

Improving piping support structure and equipment for
laying and joining pipes.

In 1976, about 25% of total electric energy in the U.S.S.R.
was produced by "cogenerating" turbines. This represented
60,000 MWe or about one fourth of the electrical power produced




by all central station power: plants .(240,000 MWe). About 65% of
the population get heat from either cogenerating plants or boiler
plants. The heat utilized from the power plants was about &
billion gigajoules (4 BGJ) in 1976 or about 40% of the available
low level heat. The plan for 1980 is to have 77,000 MWe of
cogenerating turbines and to utilize 5 BGJ of thermal energy.

The efficiency of energy use using cogeneration is about 707%.
According to the Soviets, the U.S.S.R. and France have the

lowest cogeneration heat rates. Tota6 electrical production

in the U.S.S.R. in 1977 was 1150 x 10° Kwh.

Considering the cost of fossil fuels in the western U.S.S.R.,
nuclear cogeneration of electricity and heat appears most
economic. Both 500 MWe and 1000 MWe PWRs are being considered
for cogeneration with one turbine employed at the lower rating
and two at the higher. Both condensing and extraction turbines
are being considered and are designated TK-500 and T-500
respectively. These turbines would have the following general
characteristics:

Inlet Steam pressure 60 kg/cm2
Speed 3000 rpm
Steam rate to turbine 3200 tonnes/h

Maximum extraction heat values are considered as 450
gigacalories/hr. for the 500 MWe plant and 900 for the 1000 MWe
plant. Both two-unit and four-unit power stations are being
considered. For a city demand of 1500-6000 gigacalories/hr.
the nuclear units could provide 607 of the heat and the peak
demand (additional 40%) would be picked up by fossil plants.
The nuclear plants would be located "at a considerable distance"
from populated areas according to the Soviets.'" For steam
extracted for industrial processes, however, the distance to
the industrial user cannot exceed 7 -km if the dellvered steam
is to be equal to or better than 13 atmospheres at 235°¢.

In the large nuclear plants used for cogeneration, a three-loop
"system (reactor/main heat exchanger, main heater exchanger/
turbine extraction steam, secondary heat exchanger/grid loop) is
utilized to prevent any radioactive contamination. Additionally,
the pressure in the grid loop is greater than that in the turbine
loop. In the event that radioactivity might possibly be released
to thé grid loop, automatic shut-off valves, automatic dumping of
extraction steam, and automatic grid shut-off valves are provided.

From 1990 onward, it looks like the 1000 MWe PWR will be "best"
for district heating cogeneration use. Two 1000 MWe cogenerating
units can meet the demands of 250,000 people.




In the construction sequence for a cogeneration plant in a city,
the distribution system is constructed first and separate "heat
only" boilers are used to quickly meet the district heating
demands. These boilers are then phased out or used for peaking
or standby after the cogenerating plant is completed. 1In a
district heating system, piping costs comprise 70-80% of the

heat distribution system and about 40-50% of the amount required
for construction of the cogeneration plant. For the large pipes
used in the distribution systems (diameters of 1400 mm to 1000 mm)
large tunnels, which also may contain other utility lines, are
used in cities.. These tunnels are pre-cast reinforced concrete.
With pipe diameters between 1000 mm and 500 mm reinforced "foamed"
concrete is used for the distribution system tunnels. Up to

500 mm, pipes are not usually laid in tunnels but buried after
wrapping with bitumen. Insulated overground pipes are used in
some industrial areas and for overpasses.

"A 500 MWt reactor is being considered for only sugplying heat and
no electricity. Hot water would be heated to 150°C at the heat
rate of 430 gigacalories per hour. This plant also employs three
loops with increasing pressure as one goes to the grid loop. The
second loop has provisions for water cleanup. Water flow rates
in the third loop are 10,000 tonnes per hour.

The 500 MWt reactor is planned for close-in location to cities.
The Soviets claim the following:

1. "Absolute" safety in case of a loss of cooling accident.
2. Complete exclusion of radioactivity going into the grid.
3. Better QA and safety assurance because of low power.

They also noted that the pressure vessels can be built in
smaller shops. Containment will be utilized and the Soviets
are thinking of locating these plants within 2-3 km from large
populated areas. This location will greatly decrease the
amount of steel required for distribution system piping and
lower capital investment. By use of these units a fuel economy
of 800,000 tonnes per year of reference fuel (12,600 B/1b) can
be achieved.

All small condensing steam turbine plants have been retrofitted
with back pressure turbines. Plants of 25-100 MWe were converted
and the Soviets are now considering modification of 150-300. MWe
turbines for cogeneration. A special organization does these
modifications. These modifications may involve removal of the
last LP stages or a false shaft for the LP turbine. The Soviets
have also standardized their cogeneration turbines in the range
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of 1 50-250 Mwe and have recently introduced a 175 MWe turbine
for this purpose. Information on these turbines is given in
Table II of Dr. Popov’s paper, 'Cogeneration Electric Power
Stations on Fossil Fuels'" (see Appendix B).

The control and balancing of the distribution system appears to
be the major problem related to district heating installations
in a city. I addition to the primary heat source, stand-by
boilers must be provided if the main plant is off-line. These
must be brought into operation on schedule to prevent a drop in
system flows or temperatures. Stand-by boilers are provided
when main plant district heating loads of 300 gigacalories/hr.
or more are employed. For control of a district heating
system, information on water conditions is transmitted by
automatic measuring devices to dispatchers.

During a visit by two members of the U.S. delegation to Mosenergo
Cogenerating Plant (Moscow Heating Plant) No. 21, discussions
were held with:

N. M. Grigoriev, Director

G. V. Lugovoy, Chief Engineer

Mr. Antonov, Director, Mosenergo Grid System
P. D. Chernaiev, Chief Engineer, Mosenergo

A detailed description of the plant is available in the’

Committee’s previous trip report of February 1977 (see Reference
2). A brief summary is included here for ease of reference.-

Plant No. 21 provides electric power and space heating for 1.5
million people in the city of Moscow. The plant is oil-fired
and consists of six 100 MWe units and two 250 MWe units all
capable of operating in a cogeneration or full condensing mode.
One more 80 MWe unit is planned. Maximum heat capacity is
3,800 gigacalories/hr. of which.2200 g-calories/hr. is provided
by 14 peak boilers required at temperatures below OOC..

The heat distribution system is closed-loop circulating hot water
at a rate of 45,000 m3/hr. Load is controlled by varying supply
temperature (T supply = 150°C, p'= 14 atm, @T .. = -25°C).
Return temperature is 70°C (p = 1 1/2 atm). The main distribu-
tion line is 20 km of 1.2 m diameter pipe. Local distribution

is in 0.5 'm pipes. '

Plant No. 21 supplies 20-25% of the Moscow district heating
requirement. The new 80 MWe unit will provide low pressure
steam to industry adjacent to the power plant. The unit is
planned for start-up in early 1980.

11




c.

Beneficial Uses of Waste Heat

As noted in Section B above, greenhouse heating by means of a
water film has been used as a means of decreasing power plant
cooling water temperatures. In most cases, however, greenhouse
heating has been conducted using condenser discharge water (of
the order of 40°C) in air cooled heat exchangers where the warm
air is delivered to the greenhouse growing area. Greenhouse
concepts and waste heat utilization for agricultural purposes
are presented in both the U.S. and Soviet papers given at the
symposium (see Appendices A and B).

Fish raising using power plant waste heat was discussed in some
detail. The Soviets have found that domestic fish production
can be increased from 100 kg/ha for a lake to 600 kg/ha for
ponds using controlled temperatures and feeding. By the use of
fish indigenous to India and the U.S., they believe that this
rate can be raised to 1000 kg/ha. At the Chernobyl’s nuclear
power station No. 2, it was estimated that an increase in
cooling pond area to take advantage of fish raising using
waste heat will result in a savings of 2-1/2 million rubles.
Maintaining constant pond temperature (e.g., 23 °C) results in

a reduced time for fish to reach maturity by a factor of 2-3.
For example, the 12-18 year period for sturgeon to reach
maturity is reduced to 4-8 years.

It is planned to grow 2000 tonnes per year of fish at the Kursk

nuclear power plant using ponds employing power plant waste

heat ([Carp (1500 tons), ictalurus (300 toms), trout (150 toms),
and sturgeon plus other species]. This will be the first fish
raising system to be employed where there is a continuous control
of power plant conditions to meet fish production conditions.
Also, an essentially closed system will be used. There will be
greenhouse yeast raising enterprises, and mushroom farming enter-

.prises. The wastes from fish farming will be used to improve

yeast yleld, and for mushroom and greenhouse fertilization. The
yeast can be used for fish food although additional feed will be
required.

Other Data>of Interest

Although reported in previous documents, a brief summary of the
All-Union Institute of Hydraulic Engineering (VNIIG) is included
here. VNIIG 1is essentially the basic research arm for:

o Hydrodynamic investigations of cooling reservoirs and
water bodies for cooling.

o Hydrodynamic power storage (pumped storage) .
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o High capacity cooling towers. . .._....... . . 0.0 ... "
o Spray ponds and floating spray modules.
o Water intakes.
© Pumps and discharge systems.
. o Fish protection devices at power plant intakes.

In addition to problems related to flow of water and extraction
of power from it, this institute is now responsible for solid
waste disposal research and conceptual design. Principally
this means ash disposal in slurries.

l
Staffing at present is about 2000 with about one-half being
engineers and scientists. There are a number of branches
(e.g., Krasnoyarsk in Siberia, Narva in Estonia). There are
a total' of about 30 laboratories. In Leningrad the total staff
is about 1500. A brochure (in English) on the activities of
VNIIG was obtained during the visit.

Large models of hydraulic systems (e.g., intakes and outlets)
are constructed with areas of 500-1000 sq. meters in order to
decrease problems of scale-up. The thermal regime of the area
being modeled is investigated. It was indicated that the
surface layer temperature distribution can be modeled well.

In a quick walk-through of the hydraulic labs, it was noted
that turbine runners for pumped storage systems were being
investigated. They are considering both stainless steel and

" . epoxy resins. In the area of polymerics, both solid polymeric

and coated metal blades are under study. They wish to have
data on materials most resistant to cavitation since cavitation
is a problem when the runner has to act both as a pump and a
turbine.

One point should be noted concerning nuclear energy centers.
The Soviets indicated that they plan to build a center with
seven 1000 MWe reactors each employing two natural draft
cooling  towers. The planned location of this energy center
was not defined.

13



_Table 1 -
AGENDA OF VISIT OF U.S.
DELEGATION TO THE U.S.S.R.

November 10, 1978 20:00 Departure from Washington,
S D.C., by Pan American Flt. 66
for Frankfurt, by L. H. 342
to Moscow on llth

Sat., November 11, 1978 18:45 Arrival in Moscow, Hofel
Sun., November 12, 1978 9:00 Departure for airport
Domodedovo
11:50 Flight to Erevan '
14:30 Landing in Erevan - drive
directly to Razdan area
Lunch
18:30 Hotel
t
21:00-22:00 Supper
Mon., November 13, 1978 10:00-13:00 = Opening of the Symposium
- Introductory speech =~
V. I. Savin
Reports
13: 00-15:00 Lunch
15:00-18:00 Visit to the Razdan Power
. Plant
19:00 Hotel T
19:30-21:00 Dinner
Tues., November 14, 1978 10:00-14:00 Trip to Garni and Gegard
15:00-17:00 Afternoon session
18:00-19: 30 Evening session
19:30 Hotel
21:00 Supper
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Wed.,‘NovembgrAIS, 1978

Thurs., November 16, 1978

Fri., November 17, 1978

LR R
Table 1 (Con’t) ... ..

10:00-13:
13:00-15:
15:00-17:
17:00-19:
‘19:00-22:

10:00-13:

13:00

14:00-15:
15:00-16:
16:00-19:

20:00-21:

5:30

7:15

9:55

11:00-12:

12:00

12:30-13:
13:00-14:

14:30-18:

18:00-19:

20:00-23:

15

00

00

00

00
30

00

00
00
00

00

00

00
30

00

00

00

Morning seséion
Lunch

Closing session
Free time .
Dinner

Meeting of the
Coordination Committee

Departure for Erevan
Hotel

Lunch

Siteseeing

Dinner

Departure for airport
Flight to Leningrad
Lahding in Leningrad

Hotel

Departure for the Vedeneev
Research Institute

- Meeting with, the Director

Lunch

Technical discussion.
Laboratories

Supper

Theatre



Table 1 (Con’t)

Sat., November 18, 1978 10:00-11:00 'Siteseeing
11:00-13:30 Hermitage
13:30-15:00  Lunch
15:00-17:00 Piskarev Memorial
17:30-20:00 Free time
20:00-22:30 Dinner

23:10 Departuré for the

railway station

23:55 Trip to Moscow
Sun., November 19, 1978 8:25 Arrival in Moscow
9:30 Hotel Ukraine
10: 00~-12: 00 Rest
12: 00-15:00 Sitéseeing
15:00-17:00 Lunch
17:00-19:00 Free time
.19:00 Theatre
Mon., November 20, 1978 9:00 Departure.for the Ministry

of Power and Electrification

10: 00-19:00 Closing session of the
Coordination Committee.
Signing of mutual documents.

14:30-17:30 Visit to Power Plant 21 -
Englesson and Maulbetsch
only
19:30 Dinner
Tues., November 21, 1978 6:00 Departure for the airport

and flight to Washington
via Frankfurt and New York,
Pan Am 67
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Table 2
SOVIET PERSONNEL CONTACTED DURING VISIT

Soviet Participants at the Symposium

~ Rodionov, N. I., Nikolai Ivanovich - Chief of Fluid Flow Engineering
at TEP, Moscow

Savin, V. I. - Minenergo, Moscow

Santuryan, G. R. - Razdan GRES

Minasyan, R. G. - TEP, Moscow

Galperin, L. A. - Interpreter at Symposium, TEP, Moscow
-Shimanskii, Boris Alekseevich - Biologist, Soyuztekhenergo
Trofimov, Aleksei Ivanovich - Professor, semi-retired, TEP

Popov, S. I. - TEP-Riga

Morozov, V. A. - Chief of Design Section, TEP-L

Pleskov, G. I. TEP, Moscow

Smirnov, I. A. = VNIPI Energoprom,

Korneev, A. N. -~ Gidroproekt

Razin’kova, T. - TEP-Moscow:

Kuznetsov, Yu. A. - TEP, Moscow

Korotkov, A. I. - VNIPI Energoprom

Furman, V. G. - Giproniisel” prom

‘Elkin, V. A. - Inforenergo

Razdan

Santuryan, Germes Rubinovich - Director of GRES

Vartanyan, Migran Tigranovich - Chief engineering of GRES

Aivazyan, Frunzik Tigranovich - Assistant to the Director of GRES

Yurii - Chaufeur, Reconteur

Kazaryan, Razmik - Manager (director) of Razdan GRES Resort Hotel
(R&R Center)

Leningrad

Morozov, Vyacheslav Andreev1ch - Chief of Cooling Tower Design
Section - TEP-L

Zakharov, Vladimir Semenovich - Group Leader - TEP-L

Zaitsev, Vascilii Petrov1ch - Director, TET-L

Spiko, Petr Emelyanovich - NVII Energoprom-L

Sokolov, Evgenii Borisovich - Deputy Director for Science of VNIIG

Sukhov, Evgenii Alekseevich - Engineer, Cooling Towers, VNIIG

Makarov, Ivan Ivanovich - Director for Research and Science

Zhebrovskii, Aleksandr Nikolaevich - Division Director

Goncharov, Vliadimir Vitalievich - Scientific Secretary‘of VNIIG

Perovskaya, Elena Pavlovna - Translator, interpreter, VNIIG

Abelev, A. S. - Chief of hydraulic turbine laboratory
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Moscow

Savin, Vyacheslav Ivanovich - Deputy director of Office for Design

ind Development of Minenergo
Minasyan, Ruben Giorgievich - Senior scientist at TEP, Moscow
Galperin, Lev Anatol’evich - Section heat in TID TEP, Moscow.

Interpreter.
Ageev, Georgii Sergeevich - Assistant chief engineer, TEP; Moscow

Alekseev, Ivan Alekseevich - Director, TEP
- Mal“tsev, Vladilen Nikolaevich - Chief of American desk of -DIA,

Minenergo
Troshin, Vassilii Mikhailovich - Assistant to Deputy Minister for

International Affairs, interpreter, Minenergo
Prokofieva, Tanya ~ Expediter for arrangements section, DIA,

Minenergo .
Razin’kova, Tat’yana - Heat transfer and fluid flow engineer,

assistant to R. Minasyan, TEP, Moscow
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.U.S. Papers Présehted at November 1978 Symposium
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"TYA Projects on Agricultural Uses

of Waste Heat"

A"Technical and Economic Feasibilities of

Wet/Dry Tower Systems for Water Conservation"

@

"Comparative Cost Study of.  Various Wet/Dry
Cooling Concepts That Use Ammonia as the
Intermediate Heat Exchange Fluid"

"Waste Heat Utilizétion from Facilities"

"Cogeneration Systems for Residential/
Commercial Applications"

Meteorological Effects of Heat and Mositure
Releases from Large Power Stations"

"A Status Report on the Ammonia Phase
Change Dry Cooling System Research Project"

"Uses of Waste Heat from Electric Generating
Plants for Greenhouse Heating"

"Hatchery Culture of Molluscs in Conjunction
with Waste Thermal Effluent of a Power Plant"
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Plant Cooling" - , L. Jacobson
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Systems for Providing Industrial Power and . G. D. Sagerman
Process Heat" . i R. Manvi

G. J. Barna
R. K. Burns
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Pages in this Appendix are numbered sequentially for each paper.
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Appendix B. . It should also be noted that copies of the slides
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Paper No. 1

TVA'S PROJECTS ON AGRICULTURAL USES OF WASTE‘HEATj

" C. E. Madewell, L. L. Bchrends, E. R. Burns,
~J. J. Maddox, -D. A. Mays, and R. S. Pile?
Tennessee Valley Authority =~
Division of Agricultural Development

Introduction

‘A major concern of the Tennessee Valley Authority (IVA) is to
ensuré‘efficient use of resources, especially energy,vin the Tennessee
Valleyffggion in achieving optimum economic chelopmgnt vi;hout qugfadjng
the environment. As part of this effoft,'TVA is exploring many Qses for
the low—grade heat energy (waste heat) contained in the large quantities
.of power plant condenser cooling effluent. This paper desctibes only
the ag?icultural activities.éf TVA to develop ways to use waste heat;,
and they havé been underway since the early 1970's. The agricultural
waste heat pilot-scale resedrch and development projects facilities are
locaFed at the National Fertilizer ﬁevelopment Center, Muscle Shéais,’
‘Alabama. The primary objectives of.the agricultural effort are to:

(1) identify poéential agricultur;l‘useé of waste heat, (2) develop and

test technologies and management criteria for more productive uses;

(3) demonstrate technologies in commercial-scale production facilities, and

1. To be presented at a joint U.S.-USSR symposium, November 1978,
in the Soviet Union, sponsored by the U.S.-USSR Joint Cooperating
Committee on Scientific and Technical Cooperation in the Field of Thermal
Power Plant lleat Rejection Systems.

2. C. E. Madewell, Program Manager (Agricultural Economist);
L. L. Behrends, Project Aquatic Animal Specialist; Dr. E. R. Burns,
Greenhouse Project Coordinator (Horticulturist); Dr. J. J. Maddox,
Livestock Waste Recycling Project Coordinator (Plant Physiologist);
Dr. D. A. Mays, Soil Heating Project Coordinator (Agronomlst), and
R. S. Pile, Project Agricultural Englneer



(4) ﬁfoVide5technicélca§§{st5ﬁ£é for commercial application.' FQnding
for the work has becn primarily Federal, appropriated through TVA, but
some funding has been provided from the U.S. Environmental Protection
Agency and from the U.S. Department of Energy through Oak Ridge National
Laboratories (ORNL). |

More than 80 percent of the electrical energy produced in the
United States is generated by power plaﬁts utilizing steam power tech-
nology [7]. Only 35 to 40 percent of the heat energy consumed by these
pbwer plants eventually ends up as electricity, with the remaining 60 ta

65 percent being returned to the environment as ''waste heat."

Typically,
such waste heat is embodied in the large quantities of cooling water
necessary to condense the steam in the electricity production cycle. In
mény instances, this water must be cooled before it is released to
rivers to avoid potential thermal pollution. Using this low-level
energy from power plant condenser discharge water in food production and
ofher beneficial processes could have a major impact on energy develop-
ment and conservation, food production, and thermal pollution in the
Tennessee Valley, thé Nation, and the world. The application of apprb—
priate integrated power plant and waste heat use systems technologies
could reduce required cooling capacities and, conséquently, reduce
capital requirements and operating costs for éonvehtional powef'plant
cooling systems. Overall economic development compatible with the
environment would also likely be improved.

The potential benefits of waste heat utilization are great, but

there are a number of hurdles to be overcome. These include: (1) temper-

ature, quantity, and quality variations of waste heat with respect to
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power plant design and site characteris§19§hv(2) selection and modifi-.
cation of existing agricultural production technology and developing new
technology where needed, (3) dévelopment of power piant'interfacing
technélogy for existing power plants énd allowance for such systems in
new power plant designs, (4) development of appropriate waste treétment
systems, (5) development of systems yielding products free from chemical
or radioactive contamination, and (6) development of overall systems
which are economically efficient.

Agricul}ural waste heat research and development projects under
investigation or being planned for investigation by TVA independently ot
cooperatively with other institutions include.use of waste heat:

(1) in greenhouses, (2) in aquatic systems fertilized with livestock
Qaste, (3) for soil heating and irrigation, (4) in environﬁental control
for livestock housing, (5) for crop drying, and (6) in food processing.
A multidisciplinary team approach is taken on each agriculﬁural waste
heat project.

Other significantAwaste heat projects which are a part of the
overall TVA interdivisional waste heat research and development effort
but not covered in this reporﬁ are: (1) Gallatin catfish projecﬁ [8],
(2) utilization of power plant waste heat for sewage sludge digestion-
technicai feasibility and economic feaéibilify [9, 10], (3) technical
assessment of industrial and residential use of power pldnt waste heat
[11], (4) TVA Watts Bar Qasge heat park, and (5) waste heat use
workshop. |

The remainder of this report is an overview of the TVA waste heat

agricultufal effort.
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Waste Heat Use in Grecenhouses

The objectives of Lhi§ project are to develop and test an environ=
mental control‘sysﬁem utilizing waste heat, evaluate aﬁd adapt horticul-
tural and floricultural crop production systems compatible with the
resulting environment, and make economic eyaluations of these systems.

A piiot-scale.waste heat greenhouse using simulated condenser effluent
for heating has been operated at the TVA National Fertilizer Development
Center since 1973. Numerous tests of the environmental control capa-
bility of a direct-contact heat exchange system using water Qt Browns
Ferry condenser discharge temperatures were conducted. Systems for
producing vegetable and ornamental crops in the humid environment were
tested. Cost comparisons were made to estaﬁlish potential economic
advantages of waécé heat systems. Only a brief summary of the engi-
neering, horticultural, and economic analyses conducted is included in
this report. For further information, sce waste heat greenhouse progress
reports I and II {1, 4, 6].

Engineering tests have shown the direct-contact heat exchanger is
capable of maintaining near optimum temperaturcs for year-round tomato
and cugumber production. Night temperatures above 14° C were maintained
during the coldest weather experienced with water temperatures of 21° C
and flow rates of 0.0936 m>/sec.-ha. Outside temperatures during these
tests dropped to -19° C in January 1976.

The unique characteristic of the waste heat greenhouse environment
is the 80- to 100-percent relative humidity. Yiglds of tomatoes ana
cucumbers in tﬁis humid environment wefe comparable to those achieved in
well-managed commercial greenhouses. 'Annual yields of more than 314

metric t/ha of tomatoes were produced at conventional planting densities.




Yields of 390 metric t/ha were achieved in other expériments evaliating
high-density plantings of selected cultivars. The yield potential for
cucumbers was even greater, with annual yields exceeding 448 metric t/ha.
Plant diseases éssociated with the high relative humidity weré the most
serious production problemé identified. Diseases were conérollcd By
maintaining a-rigid fungicide spray program and using good sanitation
and cultural practices.

The initial investment for the waste heat system was 56,388 higher
than a conventional system for a 22'3-m2 greephouse. However, the wasﬁe'
heat system showed an overall cost advantage of $980 per ycar, which
projects to a $44,000/ha advantage annually.

The construction of a waste heat power plant tie-in and a 0.2-ha
waste heat greenhouse 'is almost completed at 1VA's Browns Ferry luclear
Plant to further refine and demonstrate waste Leat systems on a commer-
cial scale. The basic greenhouse design was developed for TVA by the
Environmeﬁtal Research Laboratory of the University of Arizona under
contract with ORNL. Steps to reduce the higher.cost of the waste Heat
‘systems, such as eliminating the fiberglass récirculationvattic,‘have
been included in the design of the Browns Ferry gfeehhoﬁse:‘ .

The Browns Ferry greenhouse will be subdivided iﬁﬁo three opera-
tional zones. Two zones will be heated with sysgéﬁgﬁéesignéd.to.uéé
condenser effluent from tpe plant. The third zone-will be eonventionally
heated and used as a standard for comparison. Oge ofAfhe waste heat
zones yill use a system similar to the one tested in the pilot facility.

The other waste heat zone will utilize a new heat exchange system designed

to use large volumes of condenser effluent.




The three systems will be compa;ed for environmental control
capability, crop production, energy use and conse;vation, capacity to
dissipate heat from condenser effluent, and overall economic feasi-
bility. InAaddition, operatién of'the greenhouse will enable TVA to
idéncify and resolve problems of interfacing commercial waste heat uses
with power production. Environmental, legal, and social questioné of
producing food near nuclear plants will also be addressed.

Greenhouse production is energy intensive.” The amount of heat
energy required for greenhouse vegetable and ornamental production
varies with the location, type house, enefgy conserv#tion measures, and
the crop being produced. For example, in Knoxville, Tennessee, approxi-
mately 14,600 GJ/ha*yr is required to heat a glass-glazed greenhouse for
vegetable pfoduction. A double-laver polyethylene house, designed to
conserve energy, requires about 8,900 GJ/ha*yr. Assuming an average
heat requirement of approximately 13,000 GJ/ha-yr, the heat requirement
for the 3,776 ha of greenhouses in the U.S. (1974 Census of Agriculture)
is about 5.0 x 107 GJ, equivalent to approximately 7.6 x 10° barreis of
oil per year.

Growth of the greenhouse industry has been restricted by the
increased cost and limited availability of fossil fuels. In some areas,
high fuel costs have caused a decrease in vegetable greenhouse acreage.

In Ohio, the leading greenhouse vegetable production area ia the U.S.,

acreage dropped from 197 ha in 1974 to 135 ha in 1977 (American Vegetable
Grower, MNovember 1977). According to the same survey, grecuhousc vcéc-
table'acreage in the U.S. dropped frém abou§'526 ha to 443 ha. On the
other hand, groch of the bedding plant and ornamental industry has
;ontinued. Bedding plant greenhouse acreage increased from 647 to

1,006 ha from 1974 to 1977.
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ngclopmcnt of tcchnology to use power plant waste heat ;s prcutcd
to stimulate growth in the greenhouse igdustry. 17 wnstc'hcu; is made
available at an economical cost, the acreage could d0uble.within five
years. Use of waste heat in 50 percent of the expanded acreage would

result in conservation of about 3.8 x 10° barrels of oil annually.

Recycling Nutrients From Livestock Manure
by Aquatic Agriculture

The major objectives of this project are to:

(1) Develop a method that usés waste heat to enhance nutrient
recycling systéms using manurea from coﬁfincd livqstock
production to grow aquatic and/or terresﬁrial plants.

(2) Develop the cultural conditious required to grow selected
aquatic organisms (é.g., fish, clams, and other herbivorous-
filter feeding organismé) to consume plénts grown f;om live-
stock manure and enhance this production with waste heat.

(3) Evaluate the potential of these érganisms {plant and anima})
as feedstuffs, livestock.feed supplements, bait minnows, or
other higher value uses.

(4) Make economic evaluations of the wasté heat systems where
appropriate,

(5) Identify aqd resolve problems of‘interfacing livestock waste

- recycling -with waste heat and power production.
'(6) Provide technical assisfancc to commercial uscrs of waste
heat.

Various'aspects of this project have been tested by TVA at the

Muscle Shoals facilities since 1970 [(3].



Pollution aspects of livestock manures have become a major concern
in agriculture, and manure disposal problems have -bhccome more cvident
due to the increase of confined livestock feeding operations and popula-
tion growth in the United States. Livestock waéte contains plant
nutrients fhat cnhance productivity on agricultural land and can be used
to provide organic and inorganic requirements for aquacultural production.

The biological recycling work is designed to utilize two waste
products~-livestock waste and waste heat contained in power plant dis-
charge water--and recover part of the wasted energy associated with
these resources. One method of recovering this potential energy is by
converting the valuable nutrients (nitrogen, phosphorus, and potassium)
contained iﬁ livestock waste to single-cell protein (SCP) usiﬁé aquatic
systems. Researchers have found that aquatic plants such as algae have
potential in such a system but are costly or difficult to harvest
mechanically, and chemical harvesting techniques can limit the usefulness
of the‘product. This project is designed to overcome these hurdles by
using aquatic animals such as fish and/or clams as "biological harvesters"
of the SCP. The harvesters could be used as a source of high-protein
fiéh meal for livestock feed or other higher value uses. The use of
warm water is expected to help optimize, accelerate, and extend produc-

tion time in the recycling system.

Algae Investigations

Initial efforts were madé to identify algae that grow ''maturally"”
as a result of organic waste fertilization and inorganic waste fertil-
ization. Algae grown on both stabilized swine waste and inorganic
fertilizer waste (hydroponic nutrient media) from a greenhouse producing

tomatoes in sand culture exhibited differences in the ratio of algae




species and concentrations achieved. Inoculations of algae were taken
from one-year-old cultures growing in a dilute swine lagoon ¢ffluent

consisting mainly of Oscillatoria (blue-green) and Oocystis (green)

species. Oocystis elliptica was the principal green alga species in

sediment and suspension of swine waste-grown material, while Micractinium

pusillum was the predominant green alga in suspension of the nutrient-
grown algae.  Green algae were more abundént in the-plankton than settled
solids of both the nutrient-grown (65 percent) and the swine waste-grown
algae (79 percent).

Blue-green algae dominanted in the sediment of both swine waste-
grown algae (63 percent) and nutrie6t~grown algae (57 éercent).

Oscillatoria was the most prevalent blue-green alga (15.6 percent)

exéept-iﬁ plankton of swine waste cultures where LGgbva (4.7 percent)
dominated. Cell densities were >2.0 x 10”7 cells/? except in suspension
samples of nutrient-grown algae where concentrations were =5.0 x 107
cells/«. Diatoms comprise less than 1 percent.of the total population.
A wide variation in the algal population as a result of cultural fertility
practices should be anticipated. Attempts to culture more desirable
species of algae with swine manure have not been successful, such as
Spirulina and high temperature tolerant Chlorella. Tﬁe highest rate of
growth was achieved in shallow pools (13 cm) with continuous agitation
but was subject to wide variation of diurnal temperatures. Under high
Light intensities, 28° to 30° C water, and continuous'ugitation, liccle
difference existed between 20-cm- and 40-cm-deep cultures. Cultures
wéré loaded with settled swine manure to MHi3-N coﬁcentration of 8 to 10
ppm. Cultures with S;day growth periods or equivalent water retention

times have proved to be the most reliable for producing high-density
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algal slurries diring the summertime. Algal densitics during Lhis
peviod were approximately 100 mg/e of ash-Ffree dry weight, and cell
counts are generally several hundred million per liter.

Two species of green algae, Kirchneriella lunaris and Kirchneriella

contorta, initially dominated (94 percent) the populations in 1976.
However, population changes were experienced, and the dominant green

algae population evolves to Oocystis elliptica and other Qocystis

species with the onset of cool temperatures. During summertime,
Scenedesmus sp. have dominated. &hese 5-day growth periods have pro-
duced total dry matter accumulation rates eqﬁivalent to 12-30 g/m“/day
with water temperatures of 25° to 30° C, although brief périods of
higher growth rates have been experienced. High pll (8 to 10) associated

with these algae cultures may présént culture management ptoblems for

fish production.

Fish Investigations

Silver amur (Hypophthalmichthys molitrix) fish are being investi-~

gated as a potential "harvester" for phytoplanktop grownrfpom swine
manure, This A;iatic carp can reach 18 to 20 kg (40-45 pounds) in pond
culture, filters suspended particulate matter, and actively feeds in
waters hfgh in algal siomass. Growth of the silver carp was investigated
in a 1976 study.. Fish weighing Z‘g each were stocked into eight 3.66-m-
diameter by 76-cm-decep tanks at fates equivalent to 283,600 figh per ha
or 3 fish per m? of water surface. ?ish Qere fed phytoplankton (dfy
weight basis) daily at rates of 2, 4, 16, and_32 percent of the fishes'
initial live weight. An 80-peréent survival rate and 250-percent net
gain in 2.5 months of growth wére observed at the 32-percent feeding

rate. Algal selectivity and digestibility for these fish are poorfy'




understood and may be important for vptimizing fish gﬁqwth.vuhissolyud
oxygen (DO) remained sufficient in the fish tanksﬂthroﬁgh the night, and
oxygen saturation was observed well into the early morning hours on some
occasions. Ammonia nitrogen remained low in the fish tanks. (<1 ppm).
During the summer of 1977, a polyculture of silver carp, bighead

carp - (Aristichthys nobilis), and tilapia (Sarotherodon nilotica) was

evaluated for Ehe fishes' potential to grow and survive in swiné manure
fertili?ed waters. Early results were very promising with silver carp
aloﬁe, but better results have been achieved with these three species in
polyculture. Growth and survival of the tilépia yére better Fhan silver
carp or bighead carp in swine manure fertilized water; however, stocking'
densities were different for the three fishes. Bacterial disease,
alkaline pH, and gas embolism have been identified as potential problems
in culturing these fish but are minimal when appropriate management
precautions are taken [2].

Silver carp and tilapia were polycultured at 33° C and compared
with no-heat cultufes in July and August 1977 with maximum‘Aaytime
unheated.water temperatures of 27° to 30° C. There was iittle diffef-
ence in growth between fishes when tested at these températures, but
fish growth was slightly better in heated water. Experiments will be
continued to evaluate the full benefi; of‘using waste heat to elevite
water temperatu?es. Nutritional quality of the algae rathe% than qudncity

may limit fish growth during summer months [2].

Evaluating Subsurface Soil Heating and Ircigation

.Using waste heat for heating spil to extend growing seasons and

improve crop production efficiencies is being investigated- by IYA'S



Soils and Fertilizer Research Branch at Muscle Shoals, Alabama.. Expéfi-
ments were begun in 1970 in small field plots using buricd clectric

cables as the'heat source [5].. Heat conductgyity 1s the most important
soil charéétériétié influencing soil warming because it determines the
rate.of heat movement. away from a heat source. - Soil moisture content

and bﬁlk density are the primary factors affecting heat conducti#ity‘of"'
soils; mineralog;cal composition is relatively unimportant. Several

crops have been grown with combinations of heat or no heat and irrigation
or no irrigation. Sweet corn, string beans, and summer squash planted

in eariy Aprilleherged earlier and exhibited more rapid early growth,
earlier maturity, and greater yields due to soil heating, either with or
without irrigation. With beaps or black-eyed peas planted in mid-
summer, no benefit resulted from heating; and yields were often decrégsed"
without irrigation. ‘Little benefit was nbted from soil warmiﬁg on
turnips, rye, and ryegrass planted in the fall unless sceding was delayed
“until the weather was so éold that ‘germination would'not occur on unheated
plots. In ;ests‘ruﬂ with soybeans, cotton, and corn, only cotton'Showgd

a yield increasg of possiblgAeconomic potential.

A new soil heaC1ng research facility, including a plastic green-
house heated qnlx with buried pipes, was constructed ag Muscle Sﬁqals'iq
the spring of 1975. Residential water heaters afe used.to heat water,-
which is circulated'through the soil in closed systems of polyethylene _
pipe and"copberAtubing. .Simulatéd water temperature regimes Being
tested are representative of the TVA Browns Ferry Nuclear Plant, designed-
for once-through cooling with resetvéir water, and the proposed Hartgville

Nuclear Plant, béing designed for continuous cooling tower operation. .
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Thgfuaytsville plant is expected“to produce condenser discharge
water from 38° to 49° C, dependihg upon ;he season. Tests using simu-
lated HértsQille water resulted in soil températures about 9° C higher.
at the 7.6- and 15.2-cm depth than the Browns Ferry water. These tests
indicate that Har;sville.water will heat greenﬁouse soil to acceptable

temperatures. for plant growth in the 15.2-cm and deeper layers. However,

surface layers may be too cool for good seed germinatibn, and air temper-.

étures were too low for satisfactory‘winter growth of most warm-season
species.

In winter greenhouse tests, broccoli, cauliflower,jand Bibdb letfuce-
alluproduced larger heads and greater yields on soil héatediyifh the
simulated Hartsville watér; Great Lakes head lettuce producgdklarger

heads on the c¢ooling soil.

Controlling Livestock Housing Environment

Plans are to utilize results from the operation of’TVA’é waste heat
gréehhéuse environmental control system as a basis for designing an
environmental control system for a livestock productidnjfa¢iiity.

A TVA assessment. of current knowledge on the effeéts'bf'temperature
control for livestock housing has.bqeh initiated with emphgéis directed
at potential heating applicétions that could utilize power plant reject
heat. The two production applicationgioffering the greatest potential
' appéar to be b;oiler production and swine farrowing and broddihg [7].
The air temperatﬁres required for these uses appear to be’ compatible
with éowér plant cooling water temperatures. This assessment will be
completed in September 1978, and plans for further involvement in this-

application of waste heat utilization will then.bé finalized.

o~
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Crop Drying

Agricultural crop drying requires over 3.8 x '10° m> of liquefied
petroleum (LP) gas annually. About 60 percent of this total is used for
drying corn and an ad&itional 30>b§rcent for flue-cured tobacco. Eithér
high—temperaturé, high-speed processes or low-temperature processes
using a larée volume of air ovef an'extended period of time are used for
grain drying. Interest in low-témbéraéure drying, using air tempéra-
tures from 1° to 8° C above ambieﬁt, has been stimulated by increased
fossil energy costs. Considerable research has been directed towérd
development of splar.energy.syséeﬁs for supblying heat in low—température
driers; much of the technology developed for solar eneréy syétems may
also prove economically adaptable to waste heat applicaton; |

Grain drying requires ;bout 0.04 to 0.05 MJ/kg per point of moisture
removed in conventional drying systeﬁs. This can be reduced conéiderably
by using solar energy, and the use of waste heat could offer similar or
greater reductions in energy use. Temperatures made available by effi-
cient waste heat systems would be comparable to those used in low-
temperature drying. Use would be seasonal, with drying occurring for
only a short period each year; and it would lend itself to integration
with other uses since maximum dryin; periods would not normally occur
during maximum heat requirements or other usés, and requirements for
constant heat are not critical.

Our recent assessment of crop drying with power plant waste heat in
the U.S. did not reveal any research projects or studies dddressing this
potential use (71. Ogr plans are to further investigate the potential
of waste heat used in crop drying. Lfficient heat exchange systems

using waste heat need to be deveioped and evaluated.




Food Processing

-

The food processing Industry accounts [or about 5 percent of the
Nation's annual energy consumption. Considering the ;mportance of
maintaining the U.S. food supﬁly; the increasing world dependénce oh,
U.S. food production, and the critical shortages estimated for fossil
fuels, it'ié apparent that other forms and/or sources of ‘energy for the
food processing sector should be sought.

. The usage of fuels and energy consumption patterns vary considerably
‘amodg types of food processing plants. A TVA food processing assessment
of U.S. waste heat literature showed no pilot-scale or‘qommercial projects'
using power plant rejec; heat; hdweve;, a study of waste heat feaéibility
" simulation systems showed that an integrated waste heat system (green-
house, food proﬁessing, and ponds) suggested economic promise. Vaste
heat use in fo&d ﬁtocessing needs to be further researched at the
feasibility stage for specifié application [7]. Our plgns for further

work on food processing are uncertain at this time.
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Paper No. 2

TECHNICAL AND ECONOMIC FEASIBILITIES OF WET/DRY TOWER SYSTEMS
FOR WATER CONSERVATION

G. A. Englesson and M., C. Hu
United Engineers & Constructors Inc.
. Philadelphia, Pennsylvania U.S.A,

W. F. Savage
Department of Energy
Washington, D.C. U.S.A. ?

ABSTRACT‘ ‘

The technical and economic feasibility of wet/dry cooling towers for water
conservation was evaluated. Results on economic optimization of wet/dry
tower systems for 1000-MWe power plants are presented. '
Results are given as the Total Evaluated Cost (TEC) of the cooling system.
Separate cost components include initial capital cost, operating expenses,
and penalties for the cooling system operation capitalized over the lifetime
of the plants.

For the analysis, optimized wet and dry cooling towers are the reference
systems, The wet/dry§system has separate wet and dry mechanical draft
towers, Costs are related to the make-up requirement expressed as a per-
centage of the water required by a wet system,

The major conclusions are: 1) wet/dry cooling tower systems can be designed
to provide a significant economic advantage over dry cooling, yet closely
match the dry tower's ability to conserve water, and 2) where water is avail-
able, wet cooling w111 continue to be the economic choice in most circum-
stances.
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INTRODUCTION

The increasing use of evaporative (wet) cooling towers to dissipate power
plant waste heat loads has focused on one of the major inherent characteris- .
tics of such devices, namely, the consumptive water use. Consumptive water
use, because of its cumulative impact, is evolving as a major environmental
concern in all parts of the United States. For this reason, federal, state
and regional agencies in the .U,S. previously have advocated the use of .dry
cooling for utility plant applications. In response to requests from these
agencies, numerous evaluations have been performed which have indicated:

1) the use of dry cooling with high back pressure turbine would considerably
increase the costs of construction and operation of steam electric power
plants; 2) their use would result in a significant loss of capacity during
the same high temperature conditions when most utilities experience their
peak electrical demand; and 3) the loss of capacity and peak demand are co-

" incident with the time that the environmental impact of consumptive water
use is most severe,

The losses of capacity and energy and the associated economic penalties for
a dry tower system can significantly be reduced by the use of an evaporative
cooling tower to assist the dry tower. The combined wet and dry towers are
termed wet/dry towers. The applications of wet/dry towers also permit the use
of conventional low back pressure turbines instead of high back pressure
turbines. These high back pressure turbines, which are normally associated
with dry cooling applications, are commercially available only for fossil
plants in the U.,S.

When compared to wet towers the wet/dry towers will significantly re-

duce the water consumption for cooling purposes. The reduction of water
consumption, however, is achieved at the expense of higher capital and
economic penalty costs.

Since the water problem in the U,S. was projected to impact on power plant
siting and energy growth, the former U.S, Energy Research and Development
Administration (ERDA) and the U,S. Environmental Protection Agency (EPA)
have sponsored two separate but complementary studies (1,2). The purpose
of these studies was to determine the feasibility of using wet/dry tower
systems to reduce the power plant water consumption.

The ERDA study dealt with nuclear plants, whereas the EPA study was directed
at mine-mouth coal-fired plants in the coal rich Western United States.

This paper summarizes the method of economic evaluation, the design approach,
and the results obtained in these two studies and a subsequent study for the
California Resources Conservation and Development Commission (CRCDC) (3).

The ERDA study was previously summarized in Reference 4.

METHOD OF ECONOMIC ANALYSIS
The method used in the economic analyses (1,2,3) is a fixed source-fixed
demand method as illustrated in Figure 1. A reference plant is assumed to

be of fixed heat source, and there is a fixed demand for its output. It is
against this fixed demand that the loss of plant performance for each cooling
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system is measured. Inability to meet this demand'ﬁii}vbe charged as a pen-
~alty cost which is to be added to the capital cost’ of ‘the cooling system.

Other penalty costs include the cost of supplying make-up water and cooling
system maintenance cost. The make-up water penalty is of special significance,
since availability of water is a primary concern of this study. The sum of
the penalty costs and capital cost of a cooling system is called the total
evaluated cost (TEC). The nature of these costs is such that an optimum, i.e.
minimum total evaluated cost system can be identified as shown in Figure 2.

The cooling system evaluation involves sizing and costing a cooling system,
determining its thermal performance, water consumption, auxiliary power and
energy needs.and other requirements during a typical annual cycle. The
performance information is used to assess the economic penalties which will
accrue over the lifetime of the plant., Finally, from a series of designs
which meet certain design criteria and a specific water consumption require-
ment, the minimum cost cooling system is selected. The major components of
a cooling system included in the analysis are those shown to the right of
Section BB in Figure 3. \

DESIGN AND OPERATION OF WET/DRY TOWER SYSTEMS

A number of possible arrangements exist for combining separate wet and dry
towers into wet/dry towers which can conserve make-up water while efficiently
rejecting the power plant waste heat. Many of these wet/dry towers have
been described in the literature (5,6,7). Several of the proposed arrange-
ments have been designed for commercial applications. One which has been
offered by a manufacturer and purchased by a major utility for power plant
application is the series flow (water) mechanical draft tower system. This
system.combines separate mechanical draft wet and dry towers into an opera-
tional system by means of a cooling water circuit which flows first through
the dry tower and then the wet tower. The separate wet and dry towers,
however, can be designed to share common structure elements, such as the two
wet/dry tower systems purchased by the Public Service Company of New Mexico
for its two 450 MWe coal-fired units. These two units are scheduled to be
operational in 1979 and 1981. A schematic diagram of the wet/dry tower being
constructed at the San Juan Stations is.shown in Figure 4.

An alternate design of series flow wet/dry tower system is the one which has
been studied extensively in the three studies mentioned earlier (1,2,3). In
this alternate design, the wet and dry towers are both functionally and
structurally separated; the towers are connected together through pipelines.
The schematic diagram is shown in Figure 5.

The approach used in References 1-3 for the design of a wet/dry cooling tower
is as follows: The dry tower is sized to reject the entire heat load at a
- low ambient temperature while maintaining the turbine back pressure within
specified limits. The performance of the dry tower is then evaluated at the
peak ambient temperature condition to determine the maximum heat rejection
capacity of the dry tower without exceeding the specified limiting back
pressure. This information is then used to size the wet helper tower needed
to reject the remaining heat load at this ambient temperature.




For this cooling system, dry cooling is the basic heat rejection mechanism;
and wet cooling is used to provide supplementary heat rejection when neces-
sary. The dry tower is designed to operate continuously during the year;
and provisions are included to shut down wet cells if they are not needed
at low ambient temperatures. Two different modes of operation analyzed in
References 1 and 2 are described below:

1. Mode S1

The first mode is termed the S1 mode (S for series). The main objective of
this mode is to operate the wet helper tower as little as practically possi-
ble. This mode of operation is illustrated schematically by means of turbine
back pressure characteristic of a wet/dry system operated in this mode (Fig-
ure 6). During the peak summer ambient temperature, both the wet ‘and dry
_towers are operating at full capacity as indicated by point 1. As the am-
bient temperature falls, the wet cells are turned off in succession to main-
tain the turbine back pressure essentially constant at the wet tower design
value. When point 2 is reached, all of the wet cells have been shut down,
and the dry tower handles the entire heat load. The back pressure curve.
between points 1 and 2 is of a saw-tooth nature, which results from the
intermittent operations of the wet towers cells as the ambient temperature
falls., This operational mode requires continuous feedback controls for the
operation of the wet towers, Most new stations are being designed with
sufficient computer capacity to provide for this additional measure of sta-
tion control.

2, Mode S2

The second mode of operation represents a system operating with much less
control of the wet tower. The turbine back pressure characteristic resulting
from the operation of a wet/dry system in this mode is illustrated in Figure
7. 1In this mode, all the wet cells are operated continuously until the dry
tower design temperature is reached (point 2), As the ambient temperature
decreases, the turbine back pressure is allowed to fall. When the ambient
temperature drops to the point where the dry tower can reject the entire heat
load without exceeding the turbine design back pressure, the wet tower is
turned off completely (point 2). As the ambient temperature passes through
this point, an apparent instantaneous jump in back pressure occurs, However,
in reality, this transition would occur over a long enough time span so as
not to create any damaging thermal shock to the turbine and associated equip-
ment, Turbine manufacturers have indicated that changes in back pressures
-of this magnitude occur daily during the operating life of the turbine.

Wet/dry cooling systems operating in the S1 mode are more water conservative
at the expense of greater energy consumption. than the same system operating
in the S2 mode. Conversely, systems operating in the S2 mode are more energy
conservative at the expense of higher water consumption. For the same water
usage, the results in References 1 and 2 have shown that the systems designed
to operate in S1 mode are, in general, 'less costly.



WET/DRY TOWER SYSTEM DESIGNS AND COSTS ot e

,,,,, I )
Typical design and costs of wet/dry tower systems for water conservation from
References 1-3 are presented in this section. The wet and dry tower systems
are designed to operate with conventional low back pressure turbines with a
maximum operating back pressure of 5 in-HgA (127.8 mm-HgA). The dry tower
systems are designed for both the conventional low back pressure turbines and
the high back pressure turbines; the latter are assumed to have a maximum
operating back pressure of 15 in-HgA (381 mm-HgA). The data presented for
the wet/dry tower systems are for the S1 operational mode; the make-up water
requirements of these systems are expressed as percentages of the annual
make-up required by the reference wet tower system. .

The design and costs of wet/dry tower systems sized for various make-up water
requirements and the reference wet and dry tower systems for a nominal 1000-
MWe coal fired plants are shown in Tables 1 and 2, The comparable results
for a nominal 1000-MWe nuclear plant at the same site are given in Tables 3
and 4, The ambient temperature variation of the site is shown in Figure 8.

Tables 1 and 3 show the summaries of the major design data for the wet/dry
cooling systems of the fossil and nuclear plants., Included in this table are
the tower size and operating mode, the maximum operating back pressure, the
gross generator output, the condenser or tower heat load at the maximum back
pressure, the heat load distribution between the wet and dry towers at the
maxinmum back pressure, and the annual water make-up for the tower systems.

These data indicate that dry cooling tower systems of manageable size can be
designed for utility application by peak shaving the heat load with evapora-
tive helper towers. The number of dry cells needed for the wet/dry option
are comparable to or less than that required for the dry cooling system using
the high back pressure turbine., The data also show that the capacity defi-
cits of 120 MWe and 154 MWe for the fossil and nuclear plants respectively
can be reduced by more than 69 MWe and 108 MWe, even with the wet/dry system
requiring two percent make-up for the fossil plant and 1 percent make-up for
the nuclear plant.

Tables 2 and 4 show that the costs of wet/dry system range between the dry
and the wet systems., The costs of the wet/dry systems decrease monotonically
as the make-up requirement increases. The total evaluated costs for all of
the wet/dry systems are significantly higher than the costs of the wet system,
but significantly lower than the costs of the dry system,

The capital and penalty cost components for the heat rejection system are
listed in Tables 2 and 4. The direct capital costs .are costs for equipment
and installation. The indirect cost is 25 percent of the total direct capi-
tal cost and covers engineering, construction management, contingency, etc.
The penalty costs include six major components: capacity loss, power for
tower fans and circulating water pumps, replacement energy, fan energy and
circulating water pumping energy, cooling system maintenance, and make-up
water, .



The capacity loss due to the inefficiency of the heat rejection system and
the power required for the ‘fans and pumps are assessed at the peak ambient
temperature in evaluating the capacity and auxiliary power penalties. These
penalty costs represent the capital cost of electric generation equipment
elsewhere in the utility system (assumed to be similar base load unit as the
proposed plant in this analysxs) to provide the capacity needed to meet the
fixed demand. -

Penalty costs for replacement energy and for fan and circulating pump energy
are the energy costs which will accrue over the lifetime of the plant,

The cooling system maintenance penalty is the cost charged to a cooling sys-
tem for services which include periodic maintenance and replacement of parts.
It is calculated on the basis of percentages of the capital costs of the
major equipment and represents the capitalized cost of maintenance over the
plant lifetime.

PLANT PERFORMANCE

An example of the plant performance of a wet/dry system for a nominal 1000
MWe nuclear power plant is shown in Figure 9 for a 10 percent make-up wet/dry
tower system operating in the S1 mode (1). The performance shown includes
the gross and net plant output (gross output - cooling auxiliary power re-
quirement), turbine back pressure, and make-up flow rate over an annual cycle.

When the wet and dry towers are operating together, the turbine back pressure
is maintained near its design value of 4.5 in HgA (114.3 mm HgA), and the
gross plant output (MWe) is at its lowest value. The wet tower modules are
gradually taken out of service as the ambient temperature decreases. The dry
tower takes over completely when it is able to carry the plant heat load
while maintaining the turbine back pressure at or below the design value. At
this point, all the wet towers are out of service, and no water is required
as shown by the make-up curve. When the dry tower operates alone and in
response to the falling dry bulb temperature, the. capacity of the dry tower
system increases, resulting in lower back pressure and greater gross and net
plant outputs. The gross plant output in Figure 9 reflects the bacL pressure
variation as described above.

WATER USAGE AND COSTS

One of the criteria used in the design of an optimum wet/dry tower is the
annual make-up requirement. The. annual make-up is the summation of the water
usage during each increment of an ambient temperature cycle. Since most
streams generally have a low stream flow in summer or fall when the cooling
tower make-up requirements are the highest, it is important to determine the
water usage requirements on a monthly or a daily basis during the annual
cycle.

Figures 10 and 11 show the total amount of make-up required for each month
during a typical annual cycle for cooling systems designed to serve a 1000
MWe fossil plant and a 1000 MWe nuclear plant, respectively, at San Juan,




New Mexico. Figures 12 and 13 show the maximum make-up flow rate during each
month for the two plants. Although the annual percentage make-up is small,
the maximum flow rate can be large. TFor example, even for the one percent
make-up system, the maximum make-up flow rate is almost one third of that
required by the wet system. This is to be expected since the wet/dry system
requires about a third of the wet cells needed for the wet tower. The maxi-
mum monthly requirement, however, is less than ten percent of the wet system
requirement. The information given in Figures 9-12 can be used to determine
whether stream flow conditions match the make-up requirements, or to size the
reservoir or impoundment necessary for station operation.

As mentioned earlier, the water penalty is of special significance when
making cost comparisons of wet and wet/dry cooling system alternatives. The
water penalty cost should include: 1) the water purchase cost, 2) the capi-
tal cost of water treatment facilities, such as clarifiers and water treatment
chemicals, 3) the capital and operating cost of water supply which includes
make-up (intake structure) pumps, pipelines and associated structures, and &)
the cost of blowdown disposal. 1In Table 2, the water penalty cost for the
fossil plant includes the first three items listed above whereas in:Table 4,
the water penalty cost includes essentially only item 3. As a result, the
percent differences in total evaluated cost between the wet/dry systems and
the reference wet tower system can be seen to be higher for the fossil plant
data in Table 2 than those for the nuclear plant in Table 4.

The effect of water penalty cost on the economic comparison, for the wet/dry and
wet tower systems is best illustrated in Table 5. Table 5 presents the cost

‘data of wet and wet/dry tower systems for the proposed 1000 MWe Sundesert

nuclear station at Blyth, California. The water penalty costs in this table
include all of the aforementioned items. The results show that, with the
inclusion of the full cost of water, the economic impact of the use of wet/
dry cooling to conserve water may be significantly reduced but remained
substantial.

The pertinent tower system design data and evaporation (make-up) rates for

the wet and wet/dry tower systems for Sundesert are given in Tables 6 and
7 . ’

ECONOMIC FEASIBILITY OF WET/DRY COOLING SYSTEMS FOR WATER CONSERVATION

Studies sponsored by ERDA (1), EPA (2) and the California State Energy
Commission (3), .from which the data on wet/dry systems for water conservation
have been cited, have concluded:

1. Wet/dry cooling systems can be designed to provide a signifi-
cant economic advantage over dry cooling yet closely match
the dry tower's ability to conserve water. A wet/dry system
which saves as much as 99 percent of the make-up required
by a wet tower can maintain that economic advantage. There-
fore, for power plant sites where water is in short supply,
wet/dry cooling is the economic choice over dry cooling.

Even when water supply is remote from the plant site, this
advantage holds.



2. Where water is available, wet cooling will continue to be
the economic choice in most circumstances. Only if resource
limitation or environmental criteria make water costs ex-
cessive, can wet/dry cooling become economically on par with
wet cooling. .

3. The economi¢ advantage of wet/dry cooling over dry cooling
reduces the need for further development of high back pres-
sure turbines for nuclear power plant applications.

4. The dry surfaces needed for wet/dry options are, in general,
less than that required for the dry cooling systems using the
high back pressure turbines, but remain large in size. There-
fore, the development of improved dry surfaces should be con-
tinued for use in wet/dry cooling.
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Figure 6 Typical Turbine Back Pressure Variation of a
Wet/Dry Tower System Operating in S1 Mode
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Make-up (108 gallons)

NOTE:

Make-up (10® m3)
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Figure 10 . Total.Make-up Requirement for Each Monthly Period
for a 1000 MWe Fossil Plant at San Juan, New Mexico
Mechanical Series Operating in S1 Mode
Curves are drawn through the discrete points to facilitate visual observation
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Make-up, 108 gallons

Parameter: Percentage Make-up
T l.s
4 1.0
1 0.5
'f, ” N iy .

R % . .. — Pyt ' ‘ﬁ 4 d A -
JAN FEB . MAR APR MAY JUNE JﬁLY AhG SEP OCT NOV DEC
Figure 11 Total Make-up Requirement for Each Monthly Period
for a 1000 MWe Nuclear-Plant at San Juan,. New Mexico
‘Mechanical Series Operating in S1 Mode
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'Figure 12 Maximum Make-up Flow Rate for Each Monthly Period
for a 1000 MWe Fossil Plant at San Juan, New Mexico
Mechanical Series Operating in S1 Mode

NOTE: Curves are drawn-through the discrete points to facilitate visual observation
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SITE: SAN JUAN, NEW MEXICO

TABLE 1

WET/DRY TYPE:

MAJOR DESIGN DATA FOR THE OPTIMIZED COOLING TOWER SYSTEMS FOR A 1000 MWe FOSSIL PLANT

# Percentage of annual make-up required by optimized wet

.

BASE OUTPUT: 1039 Mwe MECHANICAL SERIES (S1)
Percentage Make-up Requirement# i
Mcch. Mech. , Mechanical Series Wet/Dry Mech.
Item Dry ()* | Dry (L) | 10 20 30 40 et
Nunber of Tower Cells, 0/112 0/274 7/161 11/117 13/98 15/84 17/70 21/0
Wet Tower/Dry Touer ’
‘Maximum Operating Back ' 12,60 5.03 5.0 4.5 4.0 3.5 3.5 3.12
Preasure P ., in-ligA (320.0) (127.8) (127.0) (lllo 3) (101.6) (88.9) (88.9) (79.2)
(mm-HgA)
GCross Plant Output at 920.4 989.0 989.5 999.1 1009.5 1019.1 1019.1 1025.6
Praxe MWe ~ :
Heat Load at P, 10° 4.86 4.62 4.62 4.59 4.55 4.52 4,52 4.50
Beu/br (1012 J??\r) (5.13) (4.87) (4.87) (4.84) (4.80) (4.77) (4.77) (4.15)
Heat Load Distribution 0.0/100.0/0.0/100.0 }38,7/61.3 60.9/39.1[73.2/26.8]82.2/17.8|85.0/15.0}100.0/0.0
at Py, (Het Tower/Dry
'l‘owemg
Annual Make-up watﬁr 0.0 0.0 0.625 2,90 5.97 8.85 11.90 29.53
for Het Towers, gal (0.0) (0.0) (0.237) (1.10) (2.26) (3.35) (4.50) (11.18)
(lO m)
* H-High Back Pressure Turbinme , -
* L-Oonventional Low Back Pressure Turbine )
tower




TABLE 2

BASE COOLING SYSTEM COST AND MAKE-UP WATER PENALTY COST COMPONENTS
FOR A 1000 MWe FOSSIL PLANT
\

SITE: SAN JUAN, NEW MEXICO YEAR: 1985 WET/DRY TYPE: MECHANICAL SERIES (S1)

Percentage Make-up Requirementé
Mechanical Series Wet/Dry
Mech, Mech. Mech,
Dry (H)#® | Dry (L)* 2 10 20 30 40 Vet
Capital Cost:
Cooling Tower 39.07 95.58 60.20 - 47.27 41.84 38.11 34.43 12,39
Condenser : 11.26 14,46 12,07 10.81 10,12 10.14 9.66 10,13
Circulating Water System 7.86 12.51 11.70 10.26 9.16 9.40 8.82 6.50
Electric Equipment 5.36 12,45 9.81 7.60 6.62 6.01 5.29 1.52
Indirect Cost 15.88 33.75 23.458 18.98 16.92 15.91 ° 14. 5% 7.63
Total Capital Cost of : ) .
Base Cooling System™™* 79.43 168.75 117,23 94.92 86.66’ 79.57 7?.75 3‘8.17
Penalty Cost:
Capacity Loss C 57.54 24,27 24.01 19.37 14,30 9.64 9.64 6.48
Pover for Tower Fans & 11.16 23,37 15.18 12,17 11,22 10.99 9.82 5.12
Circulating Water Pumps
Replacement Energy ’ 29.62 0.49 4,48 8.04 8.54 7.00 7.98 2,23
Pan Energy & Circulating ’
Wacer Pumping Energy 9.23 17,45 12.19. 9.52 8.62 8.51 7.82 4,23
Cooling System Maintenance 3.91 8.15 5.64 4.71 4.19 4.04 3.75 1.81
Total Penalty Cost of ' 111.46 73.73 . 61,50 53.81 46.88 40,18 ° 39.01 19.87
Base Cooling System**
Make-up Water Penalty Cost:
Make~up Water Purchase & . ' ) ’
Treatment Cost 0.00 0,00 0.10 0.48 1.00 1.47 1.98 4.92
Capital cof: for Make-up ’
Vater Supply Pacilitiesr? 0.00 0.00 5.5 7.00 7.76 , 8.32 8.59 9.46
Power and Euergy Cost for 0.00 0.00 0.18 0.30 0.38 0.45 0.50 0.7
Pumping Make-up Water
Tocal Hakecup Water Pemalty | 400 0.00 5.78 7.78 9.1 10.24 11.07 15.12
Tocal Evaluated Cost of the ’
Complete Cooling System 190.89 242,48 184,51 156.51 140,68 130,00 122,83 73.16
* H - High Back Pr;-lura Turbine w+ Base Cooling System - Cooling
system without make-up and
"4 L - Lov Back Pressure Turbine ’ wvater trestment facilities’
# Percentage of snmnual make-up required by optimized wet tower ** Including 25% direct capitsl cost

as indirect capital cost

-23-



-bz-

TABLE 3

MAJOR DESIGN DATA FOR THE OPTIMIZED COOLING TOWER SYSTEMS FOR A 1000 MWe NUCLEAR?PLANT

SITE: SAN JUAN, NEW MEXICO BASE OUTPUT: 1094 MWe

WET/DRY TYPE: MECHANICAL SERIES kSl)

% .

Pexcentage Make-up Requirement

{

Mech. Mech. ' Mechanical Series Wet/Dry { Mech.
* . ¢ .

Item Dry (H)* | Dry (L) 12 10% 207, 30 407, | Wet
Number of Tower Cells, o/175 | o0/431 9/263 | 1s/170 | 18/138 | 21/119 | 25/102 32/0
Wet Tower/Dry Tower }
Mode of Wet/Dry Tower - - Sl sl si sl sl -
Operation

. . E
Maximum Operating Back 13.09 5.03 5.00 5.00 4.50 4,00 4,00 3.30
Pressure P, , in-HgA (332.5) | (127.8) | (127.0) | (127.0) | (114.3) | (101.6) | (101.6; | (83.8)
(mm-HgA)
Gross Plant Output at 939.8 | 1047.5 | 1048.2 | 1048.4 | 1059.5 | 1069.9 1069.9 | 1082.2
Phax, MWe
Heat Load at Pp.,, 10° 7.62 7.26 7.25 7.25 7.22 7.18 7.18 7.14
Beu/hr (1012 JThr) (8.04) (7.65) (7.65) (7.65) (7.61) (7.57) (7.57) (7.53)
Heat Load Distribution 0.0/ 0.0/ 33.4/ | 57.8/ 69.6/ 78.2/ 81.7/ | 100.0/
at Py, (Wet Tower/Dry 100.0 100.0 66.6 42.2 30.4 21.8 18.3 0.0
Tower) , % : )
" Annual Make-up Water 0.0 0.0 0.494 4.57 9.11 14.19 18.78 47.02

forsweg Towers, 108 gal (0.0) (0.0) (.187) | (1.73) ((3-45) (.31 (.11} (17.80)
(10° m?). |

* H-High

Back Pressure Turbine

' L-Conventional Low Back Pressure Turbine
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o | TABLE 4
MAUUK UAFLIAL AND FENALTY QUST GUMPONENTS FOR OPTIMIZED COOLING TOWER SYSTEMS FOR A 1000 MWe NUCLEAR PLANT ($10%)
SITE: SAN JUAN, NEW MEXICO PRICING YEAR: 1985 WET/DRY TYPE: MECHANICAL SERIES (S1)
' | Percentage Make-up Requirement |
- Mech. Mech. Mechanical Series Wet/Dry Mech.
| ‘Dry ()% | Dry (' [ 10% 20% 30% sor. |7 Vet
Capital Cost: N
Cooling Tower 61.05 | 150.35 96.93 68.05 | s8.71 53.90 50. 32 18.88
Condenser 15.22 | 20.96 | 19.08 14.63 | 14.25 13.69 12.29 13.69
‘Circulating Water System 10.96 19.80 23.18 15.49 | 14.94 14.21 12.56 7.93
électrical Equipment 8.22 19;63 16.12 10.97 9.55 8.50 7.67 2.21
Indirect Cost, 23.86 52.68 | 38.83 27.28 | 24.36 22,58 20.71 10.68
Total Capital Cost 119.31 | 263.42 | 194.14 136.42 | 121.81 112.88 | 103.55 53.39
Penalty Cost:
Capacity | 9254 27.90 | 27.49 27.38 | 20.72 14.46 14.44 7.05
Auxiiiary Power 20.74 45.17 32.17 21.81 | 20.17 19.32 17.37 9.2
Replacement Energy 58.06 1.28 4.86 14.17 | 15.06 | 12,94 | 14.19 2.70
Auxiliary Energy 20.54 39.50 |.30.10 20.23 | 18.54 117.91 16.43 8.88
Make-up Water 0.0 0.0 .07 .68 | "1.35 2,10 2.79 6.98
Cooling System Maintenance | 5.78 | 12.59 9.30 6.74 | 6.18 5.76 5.39 2.62
Total Penalty 197.66 . 12&.44 103.99 91.01 | 82.02 72.49 70.61 37.45
.L316.97 389.86 | 298.13 | 227.43 | 203.83 185.37 | 174.16 | 90.87

Iotal Evaluated Cost




TABLE 5

" MAJOR CAPITAL AND PENALTY COST COMPONENTS PER UNIT
FOR THE WET/DRY AND WET COOLING SYSTEMS (5106)

SUNDESERT NUCLEAR PLANT

YEAR: 1985

SITE: Blythe, Calif. MAKE-UP INTAKE SITE: OTO
Tower System ’ Wet/Dry Wet
Annual Make-up Quantity 5% 10% 20% 30% 4o% 1002
Capital Cost: \
Cooling Tower 84,611 80.295 73.458 63.820 54,732 21,688
Condenser . 20.135 19.09% 19.094 . 17.021 16.227 19.088
éirculatiné Water System® 23.374 22.070 22.969 15.712 14.437 14.975
Blectric équ{pmeng 13,854 13.142 12,160 9.980 8.498 3,004
Indirect Cost 35.493 33.651 31.920 26.633 23,474 14.689
Total Capital Cost of Heat . .
Refection Systen 177.467 168,252 152 601 133,166 117,368 73.444
Penalty Cost:
Capacity loss 60,290 47.790 34,890 34.890 34,890 13.906
Power for Tower.Fans and 43,657 42,403 41.864 35,217 31.199 19.126
Circulating Water Pumps
Replacement Energy 21.849" 21.741 18.738 25.097 25.754 -3.018
Fan Encréy & Circulating 30.225 28.559 27.859 24,081 21.836 13.616
Water Puoping Energy
Cooling System Maintenance 12.564 12.269 i2.287 10.237 9.479 6.488
focal Penalty Cost of Heat .
Rejection System 168,585 152.733 135.638 129.522 123,158 *~ 50.118
Water Penglty:
Make=-up Water Puréhnée Cost '0.323 0,655 1.172 1.773 2,447 6.000
Make-up Water Treatment Cost 10.202 13.449 17.986 22,565 27.662 53.873
(Capital & Operatiun) —
Make-up Water Supply Cost 8,061 8.622 9.481 9.675 11.367 12,588
(Facility, Pumping Power & .
Encrgy) .
Blowdown Cost 0.926 1.858 3.340 4;991 B.526 16.487
(Solar Eveporation Pond) . .
Total Water Pcnulty Cost 19,512 24.584 31.979 39.004 50.002 88.948
Total Evaluated Cost of the R
Complcte Cooling System 365,564 345,569 327.219 301.692 290.528 212.510

Note: ilcat Rcjection System = Circulating Water System in Relcrence 2.

* luncludes pipclinces, pumps, motors and associnted etructurcs of the hieat rejection system.

<

-26-




-LZ-

SITE: Blythe, Calif,

TABLE 6

SUMMARY OF MAJOR DﬁSICN DATA PER UNIT FOR THE OPTIMIZED COOLING TOWER SYSTEMS

SUNDESERT NUCLEAR PLANT

MAKE-UP INTAKE SITE: OTO

-

BASE OUTPUT: 1023.10 at 2.5 HgA

Tower System

"Wet/Dry Vet
Annual Hake-up Quantity 5% 10% 20% 307 407 1007,
Kumber of Tower Cells, 13/221 17/203 21/178 25/145 28/115 43
Wwet Tower/Dry Tower :
Surface Area of Tower, 9.90 9.43 8.63 7.50 6.44 2.60
Acres
{aximum Operating Back 5.00 4.50 4.00 4.00 4.00 317
Pressure Ppax, in-HgA
Gross Plant. Output at 962.8 975.3 988.2 988.2 988.2 1009.2
Pz::a.xv Mhe [y .
Heat Load at Ppay, 109 6.65 6.60 6.56. 6.56 6.56 6.49
Btu/hr*
Heat Load Distribution 51.3/48.7 63.3/36.7 75.4/24.6 79.4/20.6 82.8/17.2 100.0/0.0
at Ppay,. (Wet Tower/Dry . : ' '
Tower), % - .
Annual Make-up Water for 0.76 - 1.55 2.m 4.19 . 5.78

KWet Towers, 103 acre-feet

I

14.18

* A constant auxiliary heat

load of 2.16 x 108 Btu/hr'must

be added ‘to each indicated value,
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TABLE 7

EVAPORATION (MAKE-UP) RATES PER UNIT FOR WET/DRY AND WET COOLING SYSTEMS, cen ¥
SUNDESEXT MNUCLZAR PLANT

SITE: Blythe, California

Tewer Svstem - Wet/Dry Vet
Annuel Make-Up .

Guantity S% 10% 207 - 30% 407 1002
jarvary 0 (0) 0 (C) 0 (0) 0 (0) 1015.0 (l|087.$) 9143.1 ( 9796.3)
Tebruary 0 (0) 0 (0) 0 (0) 276.6 ( 296.4) 1949.5 ‘( 2088.8) - 9751.0 (10647.6)
}:;rch 0 (0) 0 (0)° 0 (O)- 1144.0 ( 1225.7), 2575.5 ( 2759.5) 10049.7 (10767.6)

. Aprtl 0 (0) 0 (M . 10‘76.0 (1152.9) 2940.8 ( 315.0.9) 4182.4 -( 448112) 10932.2 (11713.3)-

) May (U ()] 766.6 ( 821.1) 2641.5 (21;30..2) #126.0 .( MZO.B). 5362.1 .( 5745.2) 11393.3 (12207.3)
Jure 065.8 ( 928.7) 2449.7 (2624.8) 4389.0 (4702.6) 5821.1 ( 6237.0) 6671.7 (.7148.3) 11923.8 (12775.7)
July 2730.3 (2925.3) 4293.7 (6600.4) $832.0 (6268.7) 7209.3 ( 7724.4) 7984.0 ( 8554.4) 12398.4 (lJiBb.l)
August 2320.0 (2485.8) 3947.4 (4229.4) 5552.5 (5949.1) 6626.7 ( 7100,1) 7838.9 ( 8398.9) 12409.6 (13296.2)
Septexber 926.8 ( 993.0) 2631.6 (2819.6) 4291.8 (4598.4) 5899.6 ( 6311.4) 6801.1 ( 7287.0) 12238.4 (13112l8)
Coreder 0 (0) 0 (0) 1543.4 (1653.6) 3522.9 ( 3774.6) 4923.9 ( 5168.5) -11317.5 (12126.1)
Novezber 0 (0) 0 (0) 0 (0) 914.2 ( 979.5) ‘{733.1 (A2928.b) 10235.4 (10966.6)
Decerzer 0 (0) 0 (0) 0 (0? 0 (0') 1327.9 ( 1422.7) 9362.6 (10031.5)
Maxizua 6379.2 (6835.0) 7862.2 (8423'.9) 9273.7 (9936.2) 10042.1 (10759.5) 10579.9 (11335.8) 13209.3 (14153.0)
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TABLE 7 (cont'd)

MONTHLY AVERAGE DRY BULB AND WET BULB TEMPERATURES, OF*
Month Jan, Feb. Mar. Apr. May June July* -Aug. Sept. Dct. Nov. Dec.
Dry Bulb 51.4 58.4 63.1 73.6 80.2 87.7 94.7 93.0 | .88.6 76_.4. 62,6 53.1
Wet Bulb 43.4 46.0 50.0 54.4 59.0 64.0 69.0 65.4 59.7 52.5 45.0 4275
dry and wet bulb temperatures for tane month of July are: DB = 108.0°F, WB = 80.0°F.

* The mean maximum
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Abstract
For presentation at US/USSR Seminar on Heat Rejection Systems

September 1978

COMPARATIVE COST STUDY OF VARIOUS WET/DRY
COOLING CONCEPTS THAT USE AMMONIA AS THE -
INTERMEDIATE HEAT EXCHANGE FLUID

by B. M. Johnson
R. D. Tokarz
D. J. Braun
R. T. Allemann

A number of advanced concepts for wet-dry cooling systems for power
generating plants have been studied for their technical feasibility and
economic potential. These studies are part of an ongoing effort, supported
by both the U.S. Department of Energy and the Electric Power Research
Institute, to increase the flexibility of plant siting and reduce the
break-even cost of water at which power companies would choose to conserve
water through the use of some dry cooling.

The use of ammonia as a heat transfer medium between the steam condenser
of the generator turbine and the air-cooled heat rejection system has been
shown to be cost effective in earlier studies which were reported in the
previous symposium. This paper summarizes the conceptual design and costs
of four different advanced dry/wet concepts, which combine the use of ammonia
with evaporative cooling to augment capacity on hot days, and compares them
to a state-of-the-art integrated dry/wet c1rcu1at1ng water system. All are
mechanical draft systems.

The four concepts utilizing ammonia are:

o The HOTERV plate fin heat exchanger with deluge augmented cooling
arranged in vertical stacks on the periphery of circular towers.

e The HOTERV plate fin heat exchanger with deluge augmented cooling
arranged in horizontal A-frames beneath the fans.

e The separate channel augmented tower (SCAT) which embodies the use
of chipped-fin aluminum heat exchange surface augmented with water
flowing internally through channels isolated from, but adjacent to,
the condensing ammonia.

* The augmenting ammonia condenser (AAC) arrangement which uses a
similar chipped-fin heat exchanger as above, but is augmented by
a separate water-cooled condenser close-coupled to a conventional
evaporative cooling tower.



ii

These are compared with the integrated dry/wet tower currently being"
constructed at the Public Service Company of New Mexico's San Juan Unit 3
station at Farmington, New Mexico, a 550 MWe mine-mouth plant.

The comparable cost of the five concepts, i.e., the sum of the
estimated capital cost and the capitalized operating cost (obtained by .
dividing the annual operating costs by the annual fixed charge rate of
18%) are as follows: -

Capitalized Comparable
Estimated Operating Capital Cost

Capital Cost Cost Estimate Estimate
Heat Rejection Concept ($ M) (§ M) ($ M)
Vertical HOTERV Tower 24.8 - 3.1 27.9
Horizontal HOTERV Tower 21.6 3.1 ( . 287
SCAT Tower 21.5 3.0 - 24.5
Augmenting NH, Condenser 19.8 4.1 ' 23.9
Integrated Dry/Wet 23.4 9.6 33.0

These results indicate that the' ammonia dry cooling systems, augmented
either by deluging the surface (if the surface configuration facilitates
this) or by a separate water-cooled condenser close-coupled to an evapora-
tive tower, have potential cost advantages ranging from 25 to 29% under
conditions imposed by the San Juan site.

A program to demonstfate an ammonia dry cooling system, using both
types of surface described here, and using both the deluge approach and the
augmented condenser, is being undertaken by the Electric Power Research
Institute.

’
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Comparative Cost Study of Various Wet/Dry Cooling

Concepts that Use Ammonia as the Intermediate

Heat Exchange Fluid

B. M. Johnson, R. D. Tokarz, D. J. Braun, R. T. Allemann

1. PURPQOSE OF THIS WORK

Dry cooling of thermal power plants, by which the heat from the
power cycle is rejected directly to the air, has been used in a few
isolated instances throughout the world for the past 15 years. Very few
installations aré in operation in the U.S. although it is being
given increased consideration for new large power stations. 'Dry cooling
is a more costly option than once-through or evaporative cooling, but
there are a few locations now, and there will be far more in the futu;ey
at which onﬁe-through and all-wet evaporative cooling tower§~cann0t be
used because of the increased competition for exiéting water Suppjies
among growing populations, agriculture and industry. Ear]fer studies
at Battelle, Pacific Northwest Laboratories, have shown fhatfconsiderable'

incentives exist for development of an advanced concept.which makes use
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of ammonia as an intermediate heat transfer fluid in a process which
provides augmented coolina by evaporation. ¢

This paper summarﬁzes the conceptual desian and costs of four
different configurations for such a system and compares them to a state-
of-the-art integrated dry/wet circulating water system.! A1l are mechanical
draft systems.

These studies are part of an ongoing effort, supported by both
the U. S. Department of Energy and the Electric Power Research Institute,
to increase the flexibility of plant siting and reduce the break-even cost
of water at which power companies would choose to conserve water through

use of some dry cooling.

1.2 Incentives for Dry/Wet Cooling

Providina some capability for augmented cooling via water evapora-
tion to dry cooled heat rejection systems has been shown to be highly
cost-effective. It is probable that in this country most dry-cooled

systems for large power plants will have some evaporative cooling capability

included in the system to avoid either of the costly alternatives of (1) building

excessively large systems to'provide adequate heat rejection for peak power
projection during the hottest summer days, oE(Z) buying power from other

sources during peak demand periods on the hottest days. With some evaporative

cooling capability the dry/wet system can be built so as to use whatever water

is available for cooling and thus minimize the required size of the high-
priced dry cooling system. How to best prévide this evaporative cooling

capabi]fty with the ammonia system was one of the purposes of this work.

1. R. D. Tokarz, et. al., "Comparative Cost Study of Four Wet/Dry Cooling
Concepts that use Ammonia as the Intermediate Heat Exchange Fluid,"
PNL-2661, Battelle Pacific Northwest Laboratories, May 1978.




1.3 Incentives for U§ihgﬂAmmonfa

The use of ammonia as a heat trahsfer medium between the steam
condenser of the turbine-generator and the air-cooled heat rejection system
has been shown to be cost effective in earlier studies which Qere reported
in the previous symposium.] The use of ammonia offers at least four
advantagesA]eading to reduction in system costs; These are:

1. Reduced pumping power in the transport loop;

2. Elimination of the temperature range of tﬁe'transport

loop as a tgmperature increment between the ambient
dry bulb and the condensing steam temperafure;

3. The ability to use high performance surfaces on thé

ammonia side of the steam condenser/ammonia reboiier
to requce the condenser terminal temperature difference,
and lastly,

4. No need to prevent freeze up.

2. BASIS OF COMPARISON

The comparisons of the various concepts were performed on the
basis of "comparable capital cost" defined as the sum of the estimated
capital cost of the installation plus the capitalized operatina cost.
This Tatter term is just the operatiﬁg cost divided by the annual fixed-
charge rate of 18 percent. The designs have not been optimized in the
sense that they would yield the lowest bus bar cost of electricity.

' At'the time the study was initiated the dry/wet design optihization code
was ﬁot completed. Instead, each design satisfiés a set list of

design parameters,.particularly with respect to heat rejection capability

]Advanced Dry aﬁd Dry/Wet Cooling Towers, B.M. Johnson, Battelle-Pacific
Northwest Laboratory, Richland, WA. Prepared for Presentation at the US/USSR
Symposium on Dry and Wet/Dry Heat Rejection Systems, Washington, D.C., Sept 1977



at a specific ambient temperature, which was established so as to require
a predetermined amount of water each year for augmented coolina.

Cépita] costs included all engineering, construction and material
costs associated with the coolina towers, condenéer,'water freatment
éqdipment and related piping and pumps. tonstruction costs included the
contractor's profit and overhead, but excluded any escalation or contingencies.
Operating cosfs included the cost of auxiiiary power for pumps and fans,
maintenance, and water treatment.

Credit was taken fo} improvements in plant heat rate associated with
lower back pressures made possible by the advanced desians. However, no
" credit was taken for increases in load that would be made possible
by back pressures 16wer than the design values of the reference-plant.

To assure the validity of the comparisons, every effort was made to
use uniformity in the conceptual designs and Cost estimation of each concept.
A1l estimates were prepared by an architect-engineer subcontractor (a)
from preconéeptua] design descriptions prepared for each concept. All
design descriptions used a common reference plant location, the San quan
Unit 3 of the Public Service Company of New Mexico. .This plant was selected
as the reference plant for this study because a plant with integrated dry/
wet cooling towers is currently under design and construction at this location.

As a result, adeduate site data were already available on which to base the

preconceptual designs of the advanced alternatives, including

e meteorology,

e fuel costs,

(a) S&Q Engineering Corporation
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e water availability and quality,
e« oOnsite construction costs,
e transportation costs,
e power costs, and

e site characteristics.

Each of the dfy/wet systems was conceptually designed and estimated
using the same procedure, includingtthe integrated wet/dry.concept used in
the reference plant. No cost or detail design fnfonnation was obtained
from the uti11ty about the integrated wet/dry concept, so it, too, was.
designed and costed on the same basis as the other four. This
cost comparison study applies only to the reference p]éht_design conditions.
Other sites would have different conditions that could markedly affect the

resulting comparison.

2.1 Conceptual Design Bases

The conceptual designs of the three cooling tower concepts were
based on performance requirements established by the Public Service Company
of New. Mexico for the San Juan Unit 3. These requirements are listed be]oy.

_1. The heét rejection capability of the cooling sysfem,sha]]
~ be about 2.5 x 109 Btu/hr over a yearly cycle.

2. The cooling system shall accommodate fhe.meteoro1ogica1 profile

of Farmington, New Mexico (Table 1). )

3. The turbine shall be operated at or below a back pressure of

4.5 in. Hg at an émbient temperature of 95°F or below. Above
95°F, the turbine back pressure shall be allowed Fo increase

to a maximum of 5.0 in. Hg.



“Table 1. Meteorological Profile at Farminagton, NM

. Dry Bulb Air Wet Bulb Air Hours per
Temperature, OF Temperature, OF Year
7 - 7 55
12 M 98
17 16 198
22 20 336
27 25 553
32 29 698
37 33 688
42 36 708
47 39 678
52 4 ‘ 648
55 . 44 388
57 45 259
62 47 704
65 . 49 411
67 50 274
70 52 351
72 53 234
75 54 295
77 54 | 197
80 55 245
82 56 164
- 87 58 331
92 61 179
97 62 34

102 63 1




4. The maximum amount of water available annually for consumptive
"use is 1900 acre-ft or 5.12 x 102 1b, which is about 20% that
consumed by all-wet tower of Simi]ar'rgtjng;

5. The maximum instantaneous flow rate of conéumptive water due

to evaporétion shall be 2.0 x 106 1b/hr (4000’gpm).

The San Juan River was assumed to be the source of water to the
plant. Water treatment requirements for closed-loop recirculating systems
associated with dry towers were assumed to include demineralization, vacuum
deaeration, corrosion inhibition,and pH control (pH 8.5). Open loop syétems
used in wet and wet/dry towers were assumed to require lime-soda softening
(side stream), scale inhibition and biofouling control. Delugeate treat-
ment to haintain a Langlier saturation.index of zero or slightly negative

was assumed.

3. ALTERNATIVES CONSIDERED

The four cooling concebts principally studied utilize the ammonia
liquid-vapor phase changé to transfer heat from the steam turbine outlet
to the cooling towers. These concepts are compared with the conceptual
design of the integrated dry/wet cbo]ing tower of a configuration similar
to that being constructed at Farmington, New Mexico. This'design and
cost estimate were developed withoutlobtaining design details or costs
fromleither the owner or manufacturer of that system. Consequently all
systems were estimated by the same method and from similar data base.
However, the ammonia systems' designs had not undergone the extent of

engineering optimization studies inherent in a commercial system.



3.1 Ammonia Heat Transport System

. The fo]lowingli§_a~brjef description of the salient features of the
ammbnia heat transport system. C

The ammonia heat transport §ystem-for power plant heat rejection ’
is functionally similar in many respects to the "direct" system in which
the exhaust steam from the last stage of the turbine is ducfed directly
to an air—qooled'condenser. The principal difference is the existence of
a steam condenser/ammonia reboiler in which ammonia is "substituted" for
steam as the medium for transporting heat from the turbine to the tower™’
(heat sink). In all respects the ammonia system, with vapor moving from
the reboiler to tﬁé dfr;éooied condenser and liquid returning to the |
reboiler, will function and respond to load changes in the same manher
as the'direct system. Figure 1 is the process flow sketch.

Exhaust steam from the last stage of the turbine is condensed
in the condenser/reboiler 1ocated directly below the turbine. Insfead of
water circulating through the tubes, liquid ammonia is boiled as it is
pumped through the tubes under pressure, set by the operating temperature
in the condenser. The flow rate of aﬁmonia is set to yield a vapor quality
emerging from fhe tubes varying from SO‘to 90%. This two-phase mixture is
passed through a vapor-liquid separator from which the vapor is sent to the

air-cooled condenser, while the 1iquid is combined with the ammonia condensate

from the dry tower and recycled back through the condenser/reboiler.
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Table 2. Design Parameters

Vertical Hor{zontal SCAT Tower Augmenting N3 .
Tower HOTERY HOTERY Design Condenser Integrated Wet/Ory
Tower size (ft) 259 dia x 56 205 x 220 x §7 225 dia x 56 170 dta x 56 482 x 138 x 55 high
) . high high hign high
Tower Design Temp. $5°F S5°F S5°Fo 35°F I/°F
Design 1TD, degrees 67 67 67 dry, R wet 187 dry, 32 wet 90 day, 30 wet
Numder of Towers 3 2 2 2 2
Nuster of Bundles 288 288 122 88 320
Dimensions 47.6 ft x 8 ft 47.6 ft x 8 ft 50 ft x 12 ft 50 ft x 12 ft’ 48 ft x- 72 ft x
x 6 in. x 6 in. x1 ft x 7.2 in, 10 in.
To:a} Surfsce Area, ‘9.71 x 106 9.7 x 106 8.91 x 105 5.41 x 106 - - '7.206 x 106
t _ ‘ , _
Frontal Ares, ft 1.072 x 105 1.072. x 108 0.732 x 10° 0.522 x 108 -9.216 x 104
Tube 0D, inches 0.78 0.78 0.3 0.3 .07
fin Design " Rectangular Rectangular Integral Integral Single Leg
Plate Plate . "Wrapped
fin Oimensions 6 in. deep 6 in. deep 0.707 in. high 0.707 in. nign 2.25 round
: 7.87 ft high 7.87 ft high 12 in. deep 12 in. deep
* Fins Per Inch 9 9 10.6 0.6 10
Tube Material Aluminun " Aluminum Aluminum’ Alyminum | Admiralty
Fin Material Aluminum Aluminum Aluminum Aluminum Aluminum
" Tube Geometry Staggered Rows Staggered Rows Rectangular Rectanqui}a}' Equilateral
. . : Aligned Channels Aligned Chanpels
Transfer Tube Pitch, 2.3 2.3 NA NA R 3 T
Inches .
Heat Transfer 1.87 7.57 8 9.1 6.4
Cosfﬂcient Btu/hr-
£2.0f
Frontal Velocity/ 8/13.3 8/13.3 12/16.4 14.0/19.1 10.5/15
Internal velocity, .
ft/sec.
Air Flow, 1b/hr - Ory 1.93 x 108 1.93 x 108 1.97 x 108 1.70 x 108 0. 2.196 x 108
€«
Afr Flow, 1b/hr - det 1.3 x 108 1.3 x 108 0.45 x 108 0.47 x 108 0.24 x 108
Afr Mass Flow Rate,- Oy 1,79 x Q3 ' 1.79 x 103 2.69 x 103 3.26 x 103 2.38 x 193
1b/hr- £t - Het 0.9 x10 0.9 x 103 0.5 x 10
Cooling Water Flow, GPM 7,000 (80 TOM) 21,000 (40 TOR) 170,000 (35 TOK) 200,000 (25 TOH) 219,000 (77 TOM)
Afrside Heat Exchance/AP/ 0.356/0.464 0.356/0. 64 0.281/0.384 0.243/0.358 - 0.345/0.538
Total &P, Inches H? ’ '
: s 48 26 40
Fans = Ory 57 8 8 10
Fan Dfameter, ft - Dr 28 28 28 2e ;2
’ et .
. 8.3 50 105 145
WP Per Fan - 0et €e.3 150 150 %0
8
Nusber of 8lades - DOry 6 6 6 6
. i 6
. 12 10 16 "
Pitch, degrees E& 12 22 22 16
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3

The vapor from the vapor-1iquid separator flows £o the déy tower
under the driving force of the pressure difference between. these two
compon;nés creaféé by the f;ﬁgératuré difference gpd‘the associated vapor -
pressure of the ammonia. ‘

~ The steaﬁ condenser is compbsed of horizontal tube bundles, with
steam condenéation on the shell siae, énd anhydrous ammonia evaporation

on the tube side. Design tube side maximum pressure is 350 psig,, K 1350F.

Tubes are aluminum with the fo]1ohing dimensions:

A

tube length : 50 ft
tube 0D R 1 in.
tube gauge - 12 BWG
tube pitch 1.5 in.

total number of tubes 15,100

The tube is enhanced on the outside for condensation and on thevinside
for boiling with proprietary Union Carbide Company/Linde enhanced condensation
surface. The tubesheets are aluminum and the condenser is equipped with
impingement protection where necessary.

The air removal section of the condenser is stainless steel.

The performance and cost of fhis component are significant uncertainties
“in .this study. The cost algorithms developed for computer optimization studies
on the basis of 1abofatory data indicated its cost would be very nearly similar
to that of é conventional turbine condenser. The estimate developed by the
architectural engineer and used in this study, reflected the lack of firm

data from simflar equfpment. The architectural engineer estimated the equip-

ment to be 50% more costly than a conventional condenser.
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The piping for the system consists of vapor transport piping,
vapor distribution piping, condensate collection piping, and condensate
: refurn piping. Associated with this system are pumps for condensate
return aﬁd reboi]er.circulation,‘a combination vapor separétor/reboi]er
supply tank, and ammonia storage tanks. The vapor separator/reboiler -
supply tank is located as close to:the steam condenser/ammpnia reboiler
exit'as possible. The upper portion of the tank acts as a cyclone
separator to remove liquid ammonia carried over in the vapor leaving
the reboiler. The lower portion d%‘theftank acts as a reservoir for

supplying the reboiler injection pumps and also provides system surge
| capacity. The lower portidn of this tank has sufficient volume to contain
the inventory of two tower quadrantsvif it becomes hecessary to evacuate
them for maintenance or in caée of leaks. The material for all piping and
tanks is carbon steel. |
.Each of the two condensate return pumps would have a capacity of
10,000 gbm at 27 ft NH, TDH. Each of the two condenser recirculation

3

pumps would have a capacity of 20,000 gpm at 30 ft NH, TDH. The drain

3 .
and fill pump would have a capacity of 2500 gpm at 50 ft NH3 TDH.

Excess storage capacity would be pfovided by ten 7750-gal pressure
tanks. These tanks will store the entire quantity of ammonia if it‘becomes

necessary to evacuate the system for maintenance or in case of emergency.

'Provision is made for a nitrogen purge system to flush the air from
the system before filling it.@ith ammonia to prevent the bossjbi]ity of
stress corrosion cracking of the steel components. The total volume of the
system is approximately 50,000 ft3. Vents are located at the highest
point in each quadrant from which ammonia vapor can be eyacqated after
the'qbadrant Has been drained and isolated. The vents are piped to é

flare station on top of the tower.
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3.2 HOTERV Plate Fin Heat Exchanger with Deluge Augmentatiohf R

The initial cooling tower arrangemenf‘using the HOTERV plate fin
exchangers was round towers with fans across the top and the heat
exchangers around the periphery. Previous studies had shown this to
be a cost éffective configuration for long fin-tube exchangers. However,
as the result of. the ensuing cost estimate for the towers, it was con-
cluded that.it was not a good arrangement for the HOTERV bundles arranged
horizontally to accommodate deluging. A second ;onfiguration was scoped
out and estimated in which the heat exchangérs were arranged as A frames
on a plane below the fins. Figures 2 and 3 show these two arrangements.

With the vertical peripheral arrangehent, three towers 260 ft in
diameter and 56 ff high (to the fan deck) are needed. The cooling tower
is designed to operate as a completely dry system when the ambient temper-
ature.is below 55°F. Above this temperature, é portion of the heat
exchanger surface is deluged with water on the outside of the plate fins
to increase heat rejection capability. In this way sensible heating of
the air is augmented by heat transfer to the air through evaporatibn of the
deluge water. The tower desigh temperature is based upon the maximum
use of available water for augmentétion (1900-acre ft) with minimum amount
of heat exchange surface area.

Thé airflow through each tower is induced by 19 fans (28-ft diameter)
mounted at the top of the tower structure. The heat exchanger bundles
(240Atubes/5und1e)‘are arranged around the periphery of the towers. No
jouvers for air control to prevent freezing of the ammonia are required.
However, passive louvers are located beneath each fan to prevent back |

flow of air when a particular fan is off. For airflow control, one or
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more fans can be .started or stopped. Prctection of the heat. exchanger,
surfaces is provided by hail screens mounted directly to the face of each
bundle. Table 2 gives specific information on all of the cooling tower.

systems at design point conditions.

‘ The HOTERV heat exchangers are 47.6 ft (15 m) long, 7.8 ft (2.3 m) high,
and 5.9 in. (15 cm) deep in the direction of airflow. There are‘16 bundles/
tower quadrant , 96 bund]es/tower,.and 288 bundles total. The bundles are
sloped at a 5 degree angle to promote drainage of the condensed ammonia.

They are also canted forward to promote uniform deluging of the plate fins
during wet operation.

A1l pf the vapor transport piping lies above.grade. The main vapor
line tranéports ammonia vapor from the vapor separator to the geﬁera1 area
of the cooling towers through a 48-in. dfameter pipe approximately 1000-ft
long. The piping then splits into successively small pipes leading to
each tower and subsequently to tower quadrants, bundle groups and eventually
1ndividua1'bund1es. The condensed ammonia liquid drains to a'collection
header running around the inside periphery of the tower. .The main return
line is 18 in. in diameter. |

‘The deluge system is capable of augmenting fhe entire heatﬂexchanger
surface, although the maximum desfgn wet.area is probably less than 67%.
Auémentation of the p]ate-fin §ﬁrfacés is éccomp]ished by allowing an
approximéte’water flow rate of 2 agpm per lineal ft of heat exchanger to
run down the plate fins. A small perforafed pipe header adds water above
each bundle to make up for the deluge water evaporated in the previous

bundle. The'de1uge piping for each tower consists of
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e two deluge pumps (vertical sump), LT
e deluge storage sump,
e distribution piping, and_

e deluge distribution headers and splash plates.

20 (two

pumps per tower). The suction side of the vertical sump pump will be

The deluge pumps will have a capacitj of 1200 gpm at 80 ft of H

immersed in a circular concrete channel that catches a11_theAwater falling
from the tube bundles and serves as a storage sump when the tower is ‘
opérating dry. Polyethylene or PVC is usea throughout. Maximum instép-
taneous consumptive use rate is approxihateiy 4000 gpm. The maximum
recirculation rate to the top of the towers is’7200 gpm, although the °
maximum anticipated is about 4500 gpm, with additional makeup beinvg\' added
at each of the five layers of heat exchanger in the vertical arrangement.
Water treatment will consist of sulfuric acid addition to control pH to
7.6-7.8 and blowdown (800 gpm) to maintain a sufficiently low dissolved
solids concentration. The blowdown will undergo 1ime softener treatment,
and the effluent from the treatment plant will be recycled into the deluge

system. Sludge from the softener (85 gpm) will be discarded to the effluent pond.

The horizontal arrangement of the HOTERV heat exchangers differ

essentially only in.the tower configuration. Each of the two required
towers is 205 ft by 230 ft and 57 ft to the fan deck. The horizontally
arranged bundles are 35 ft above the ground to provide adequate area
for air flow. Twenty eight fans (28 ft diameter) are used.

The A frames of theAheat exchanger bundles are tilted at 50 as in

the vertical desian to promote drainage of the ammonia.
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The total recirculation flow of the deluge system is higher, about
20,000 gpm because the bundles are not vertically stacked to provide a
means of water flow down the stack. -

The saVings in this arrangement accrue from thé'need for only two
towers. Table 2 lists the significant design parameters which are very

similar to those of the vertiéa] arréngement.

3.3 Separate Channel Augmented Tower

The heat exchanger in this concept/is an adaptation of the Curtiss-
Wright surface comprising integral fins chipped from an extruded multi-
port aluminum ;ube. Additional coo]fng is providéd by'the séparate channel
augmented tower (SCAT) system, which uSe§ selected channels within each
multichannel tube as water channels. (Figure 4) When water is pumped
through these channels, increased cooling of the ammonia occurs by heat
transfer to the water. THe heated water is piped‘to a wet cooling tower,
Jocated either inside the dry tower (this design) or outside. The basic
desian parameters for the SCAT system are the same as the previous two concepts.
The tower can reject the design heat load without the use of any water at a |
turbihe exit temperature of 1300F, an ambient temperature of 559F, and an
80F temperature drop across the condenser/reboiler and the ammonia transport
lines.

Each of the gquadrants of the two towers can be operated all dry or with
additional SCAT cooling using the wet tower. The airflow through each tower
is induced mechanically with 34 fans (28 ft diameter) mounted at the top
of the tower structure. The 50 ft by 12 ft x 1 ft (in the direction of
air flow) heat exchanger bundles (80 tubes/bundle) are arranged vertically

around the periphery of the towers.
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AmmonjérVapo; enters at the top and saturated liquid ammonia
emerges at the.bottom. Figufe 5 shows the cross-séction of the tubes.
For the purpose of sizing the tower, the fins over the back portion of
the fube whé}e the water channels are located were not included in thé
calculation of heat transfer to the air during wet operation but were
included in thé calculation for pressure drop. For enhanced coo1fng,
water is ruﬁAthfdﬁghAfive a]ternating'channels in the rear (relative to
airflow) of the SCAT tube and then through the wet tdwer for coo]ing;
The tcmperature féngc oi this water, the overall heat. transfar coef%i;ient;
and the'effecfiveness of this section of the bundle for heat tfansfef are
calculated independently of any interaction with the airflow over the
tube. This is justified‘by the fact that the air and the cooling water
would be at approximately the same average temperature in this part of tﬁe
bundle and the presence of the air would neither add nor subtract from the
cooling action of the circulating water. Table 2 lists the significant

design parameters of the tower.

The wet tower which provides cooling of the circulating SCAT water
is located concentric and within fhe dry tower structure. A portion of
the air drawn through the heat exéhanger is taken on through the wet
packing and exhausted by the wet tower fans. The rest of the air is
exhausted by the dry-only fans arranged in the annular region between
the respective peripheries of the wet and dry towers. whén the tower is
operated at less than fully enhanced cooling capacity, sections of the
wet packing are”ﬁot wetted; none are wetted during all-dry operation

(below 550F). The tower is designed for a 67.5°F wet bulb and 113.60F
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dry .bulb for air inside the dry tower. A'Qatér*rahge of 17.89F and an
approach of 22.59F is used with inlet water at 107.8 and outlet at 90°F.

Up to 170,000 gpm of circulating water through the SCAT channels is
provided by 16 pumps (2 per quédrént in each tower). Very close coupling
exists between the heat exchangers and the wet tower. Eight inch poly-
ethyiene Tines carry water up through heat exchanger and then to the tower.
Water treatment is the same as for the integrated wet/dry systém although

a smaller quantity is needed.

. 3.4 Augmenting NH3 Condenser

The concept of using a water-cooled ammonia condenser for augmented
cooling, located at the dry tower and close coupled with a wet tower, was

selected for the following reasons:

1. Less design uncertainty than with a turbine condenser cooled
by both water and ammonia;

2. Close-coupling the ammonia condenser and wet towef was believed
to more than offset the increased equipment size and cost

resulting from the loss in tempekature difference.

The condensers (four for each tower) function in parallel with the
dry tower to maihtain the pressure in the ammonia. Siﬁce the operation
of the dry tower is unaffected by the operation of the condenser (unlike
the deluge approach), evaporative cocling is not substituted for d-y
cooling and the dry tower can be somewhat smaller for the same water .
allotment. Like the integrated tower, described in Section 3.5, it is
designed for an ambient.temperatUre of 35°F (ITD=879F) rather than 550F
(ITD=679F) for the other three systems.
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Placement, spating, and general confiéurét{on is similar to the SCAT
towers. However, the higher design ITD and simpler tube configuration
result in a sma]le} towef. The heat exchanger bundles (80 tubes/bundle)
are'arranged around thé periphery of the tower; as shown, and the water-
cooled condenser (four in each tower) are hung within the annular space
between the periphéfy of thé dry and wet towers. The enhancement cooling
water is pumped frdm the éenter basin to the top header of each of the
condensers, passes down and back up through the coolina tubes and out the
top header to the wet tower in1et'distribution box. |

The heat exchéngers are bundles of multiport finned channels 50 ft x
12 ft x 7.2 in. (in the direction of airflow) of the integral chipped-fin
type manufactured by Curtiss-Wright. Each bundle consists of 80 tubes
50 ft Tong.

fable 2 summarizes the desiagn parameters for the dry tower.

The eight water-cooled condensers are tube-in-shell pressure vessels
designed for 350 psi at 1500F with ammonia on the shell side. Each is 8 ft

in diameter and contains 875 U-bend aluminum tubes 1 in. in diameter 50 ft

long. Maximum flow through each is 25,000 gpm. The wet tower which provides

cooling for the circulating water is integral with the dry tower and is
Tocated concentric within this structure essentially the same as with the
SCAT concept. The water system is closely similar to SCAT except that

slightly more water is used.

3.5 Infegrated Dry/Wet Cooling Tower Concept

This heat rejection concept is currently planned for use in the San

Juan Unit 3. It was included in this study to provide a basis for comparinc
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these alternative concepts to previous desian concebts andrto each other.
To éssure the validity of the comparisons, this system was éonceptually :
designed and estimated Using the same bases as'thé other coﬁcepts, i.e.,
withou; reference 'to actual cost figures and design detai1sl

The condenser cooling water is transmitted to the coo]ing towers via
a 96-in diameter concrete piping system and circulated by t@ree 73,000 gpm
(77 TDH) vertical well pumps. Two rectangular coo1fng ‘towers house both the
air-cooled heat exchange surface, which is composed bf sbiré]-wrapped
finned tubes tilted 25 degrees from horizontal and the wet tower packing.
The hot water from the condenser passes first through the dry section and then
4 f]oWs'directly into the wet towers. The éoo1ing tower is designed to operate as
a completely dry system at temperatures below 350F by tufning off the fans
above the wet portion of the tower. A sketch is shown as FiQure‘G.A

There are 10 heat exchanger units per tower, two units in each bay.
The spiral-wrapped fin tubes are 1 in. in diameter, of Admiralty metal,
with the thin (0.018-in.) aluminum fin'wound as a single leg wrap around
fhe tube. They are arranged in a staggered equi]atgra1 close-packed
spacing three rows deep; |

| A total of 25 induced draft fans were specified for each tower, 20

in the dry section and 5 in the wet section. Louvers have ;of been
specified although they may be required for airflow control during -high
winds and for equalizing flow into each bay to avoid local freezing.

The conventional steam condenser contains 28,500 adﬁira]ty metal

tubes 1 in. in diameter and 35 ft 1ong.':



4. BASES FOR COST ESTIMATES

A1l cost data developed by the architect/engineering firm reflect

construction as of mid 1976 and thus include no contingency or escalation.

The preconceptual designs which have been deve]obed and evaluated in
this repoft are ﬁdt the optimal design for each system,_i.e., they are not
designs which have been coordinated with the design and sizfng of the
steam supply to give the lowest cost of busbar electricity. Instead,
they are designs which fit a stipulated set of conditions with respect to
ambient temperature and heat rejection capability.

Optimization studies of dry (and dry/Wet) systems generally compare
the "operating costs" of alternative systems in terms of several "penalty
costs" which represent the incremental increases in plant operating costs '

resulting from the use of the dry cooling system in relation to a reference

~system with a once-through flow of cooling water. Included in the list
of penalty costs may be those for (a) an energy penalty because during
hot weather the plant cannot export as much eneray as the reference piant.
(b) a capacity penalty because reserve generating capacity must be |
available to ﬁake,up for the deficiencies of the dry cooled plant, (c)

a make-up water penalty which ref1ects the cost of any water treatment .

unique to the subject plant.

An "optimized" desiagn represents a trade-off between a.1arger-sized
.cooling system which has small energy and capacity penaltie; and a smaller-
sized cooling system which has larger penalties.

With the present coﬁparison of five éystems there were no such trade-

offs involved in the designs. ATl were sized to meet stipulated parameters




Table 3. Operating Cost Summary

(dollars)
Augmenting

Vertical Horizontal SCAT Ammonia  Integrated

Hoterv Hoterv Tower Condenser  Wet/Dry
Hours Qf' {Dry € 640 € 640 6 640 6 640 5 64Q
Operation (.4 4 426 4 426 4 426 5 146 5 146
Circulation Pump 38 500 38 500 38 500 - 38 500 694 000
Primary Fluid '
Circulation Pump . 10 100 -19 600 110 900 130 900 --
Augmenting Cooling
Water
Water Treatment 79 000 79 000 89 000 105 000 105 000
Fan Power 588 900 571 600 435 400 433 300 798 000
Capacity Penalty 83 300. 84 700 95 600 88 000 184 000
(Annualized) .
Fuel SavingCredit -235 000 -235 000 | -235 000 -55 000 - 55 600
Due to Reduced
Back Pressure

TOTAL 564 800 558 400 534 400 750 100 1 725 400

v
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of inlet temperature difference,'heat rejection capability and annual water
rate. Thus, the gross plant output is approximately the same from a plant
équippea wifhreach cooling system. ‘However, the total penaities would
differ with each desiagn, depending on the“charactéristics of each with
respect to: 1) the power required for fans and water/ammonia recirculating,
2) the capacity penalty for this power, and 3) water treatment and pumping
power required fér the enhanced (evaporative) cooling system.

_In addition, there .is a negative energy penalty yhich arfses from
increased output in cold weather which differs in each case. All plants
have been designed to reject the stipulated heat load at a particular
design ambient temperature. At femperatures below this, the plant is
‘capable of operating at rated output with Tower fuel consumption because

of higher turbine efficiency (lower back pressure). Credit is taken for

fuel savings from the higher plant efficiency. The three alternatives
uﬁing deluge cooling are designed to a higher ambient temperature (550F
vis-a-vis 350F for the other two) because a large dry tﬁwer is required
to compensate for the dry'capabiiity taken out of sefvice as it is
converted to evaporative cooling by deluging. This has the compensating
effect that the p]aht can operate at g‘1ower back pressure in the winter
and thus use slightly less fuel.

In summary, in this'study the differences in "penalties" among the

various alternatives are accounted fdr by evaluating five "operating"

cost terms and a sixth capital cost term. Those six cost terms are:
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e power for the hain circulating system,
e power for the fans,
’-. water treatment 6perating costs,
e power for pumping deluge water, .
o fuel savings resulting from the capability to operate at lower
than the reference turbine back pressure at temperatures below
"~ the design émbient, and |

e capital cost of peaking reserve capability to provide auxiliary

power to the cooling system.

To combine these “opérating" and other penalty costs with the capital

7costslof the plant, the former are “cabifa]ized" by dividing by an

annual fixed-charge rate of 18% and adding them to the capital cost.
Water treatment would include scale 1nhibifion by pH adjustment

and-biofouling control with chlorine. Blowdown would be treated by lime

softening to remove dissolved solids with return of the effluent and
drying of the sludge. In addition provision wou1d be made to supply
demineralized water from zeolite softeners to flush the deluged surfaces.
The main differences in cost are due to the cost of biofou1ing'contro1.

A1l operating costs are summarized in Table 3.

5. RESULTS

To facilitate comparison of the tofal costs of the five dry/wet
systems a "comparative capital cost" was used which is defined as the

sum of'the estimated basic capital cost (i.e., the estimated cost




Table 4.

Vertical
HOTERV
STEAM CONDENSER 2,653
COOLING TOWER '
Dry Tower
Structures 1,905
Piping-NH3 308
"Heat Exchangers 5,874
- Pumps/Piping-
H20 | 305
Augmented
Ammonia Cond. --
Wet Tower -~ -
Fans 1,205
Vents & Flair 15
Subtotal 9,612
MAIN COOLING SYSTEM
Pumps/Piping
Vapor , 309
Pumps/Piping Lig. 422
Pumps-Reboiler 159
Vapor/Liqg. Sep. 310
Subtotal 1,200
STORAGE/FILL/DRAIN 780
COVER GAS ' 21
WATER TREATMENT 562
ELECT/INST 2,263
BUILDINGS 52
COMPLETE SUBTOTAL : . 17,334
CONTRACTORS OH & PROFIT 3,329
ENGRG & COST MGMT 4,132
TOTAL CAPITAL COST- -~ 24,795

(Without Contingency
and Escalation.)
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Capital Cost Estimates

(Thousands of Dollars)

Horizon.

HOTERV
2,653

998
102
5,387

423

344
264
159
_310

1,077
780
143
628
1,554
52
14,994
2,998

3,598
21,590

SCAT
Tower

858
213.
4,982

678

263
1,070

30 .
1,084
780
143
545
1,633
5

14,963
2,948

3,582

21,493

2,653

600
152
2,734

703

1,562
309
880
10

342
273
159
_310

1,084
780
143
545

1,633

52

13,840
2,631
3,394

19,765

Integraﬁed -
Wet/Dry

1,740

2,182

1,215

1,078 -

451
1,994

- 16,584
2,921
3,902

23,407
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without escalation and contingehcy)and the capitalized annual operating
cost. This latter cost is just the estimated annual operating cost (sum-

mérﬁzed in Table 3) divided by the annual fixed charge'raté-of 18 percent.

5.1 Capital Costs of Alternatives

The subsystem capital costs.of'fhe four ammonia systems and the
integrated wet/dry system are listed in Table 4. The integrated dry/wet
concept is considered a baseline fdr comparison because it represents
current practice. ‘The San Juan Plant Unit 3 is currently being constructed
with a heat dissipation system of this type. The estimate of the integrated
dry/wet concept was performed without the benefit of prior know]edge of
actual tonstruction coﬁts of San Junit Unit 3 to put a]l estimates on the

same relative basis and may or may not correspond to actual costs.

5.2 Comparative Costs

The comparable costs of the four concepts plus the state-of-the-art

integrated Wet/Dry are listed in Table 5.

Table 5. Summary of Comparative Capital Costs

(dollars)
Bésic Capitalized Comparable
Cooling Tower Concept Capital Cost Operating Cost ‘Capital Cost
Integrated dry/wet 23,407,000 9,586,000 132,993?000
Vertical HOTERV tower 24,795,000 3,138,000 27,933,000
Horizontal HOTERV tower 21,590,000 3,102,000 24,692,000
SCAT. tower 21,493,000 2,969,000 24,462,000

Augmenting Ammonia ' :
Condenser 19,765,000 4,167,000 23,932,000
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The costs presented in this paper are approximate in.nature.
None of the concept deéigns were fully optimized from the staﬁdpoint
of all parameters involved. However, all designs and estimates were
arrived at utilizing the same bases and uniform procedures. It is not
anticipated that exhaustive optimization would change the relative
ranking of the concepts with regard to comparative capital costs.

The ammonia sysfems were found to have potentially lower capital

and operating costs than comparable capital cost for the integrated

concept considered in this base study. Although the ammonia systems require
(1) an anmonia reboiler, which may be somewhat more complex and expensive
than a simple condenser, and (2) a complex pressurized ammonia fill and
drain system, the ammonia systems have a number of important
cost advantages associated with'the evaporation-condensation heat transfer
system. Among these advantages is the enhanced heat transport from the
reboiler to the cooling tower. Only small pumps are required to return
the ammonia to the reboiler and to provide forced recirculation. Water treat-
ment costs are also less because of the need for treating smaller quantities
of water. Moreover, the cost of the ammonia condenser/reboiler was conserva-
tively estimated to be significantly greater than a conventional turbine
condenser but‘there is reason to question that estimate.

Operating costs for the ammonia systems are substantially less thén
~ the integrated concept because 1) less bower is required to operate recir-
culation pumps and .fans, and 2) the capacity penalty is lower because

less generating capacity must be provided in-‘reserve. N
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Paper No..4

"Waste Heat Utilization from Faci]itfes”‘x

by J. Clark, Jr. and I. A. Boulogiane
Arthur D, Little, Inc.

1. INTRODUCTION

In 1977, the Energy Research and Development Administration, now the United
States Department of Energy (DOE), initiated a project to investigate and
evaluate the feasibility of economically recovering and utilizing large
quantities of energy currently rejected at various federa]Ty_owned facili-
ties. Funded by DOE, four contractors studied sites in four different
states, each surrounded by different social, economic, and institutional

environments.

The contractors were asked to review all possible applications (excluding
in-plant udse) including electrical generation, use in process industries,
usé for/cndustrial and commercial heating and cooling purposes, and agri-
cultural'and aquacultural uses. For each df~fﬁe possible uses cénsidered
the volume of use and conditions of use were described. Technical feasi-
bility was éstab]ished based on the state-of-the-art technology™ The tech-
nically feasible solutions of significant size were then evaluated for
ecénomic feasibility, taking into account market demand. for the goods and
services in question, and capital and energy costs at the time the prdjects
could be implemented. Various combinations and orders of’use vwere deter-
mined, an& a best system ofAuse was proposed by the contractors for each
of the sites. They considered level of use, cost effectiveness, financial
viability, and socioeéonomic considerations to combine the app\icationsA
proposed by each as the "best" system of uses. Once the requirements of

such systems were determined, the contractors evaluated resources needed



implement these applications. This included determination of material,
labor, site, water and transportation availability, capital requirements

-and costs, and technology requirements.

The contractors also identified the agencies, institutions, bodies, offi-
cials, and organizations or compénies that would need to be involved in
imp]ementiné the system, or who mighf logically pafticipate in the program
for the uti1iza£ion of waste heat in the future. They described the kind
of organizational body that sh6u1d be established, along with a program to
implement such an organization. Each contractor submitted recommendations
for.programs for implementing the projects recommended for utilizing waste
energy now being rejected at a particular site. The systems and criteria
used are described in Section II. The benefits accruing to DOE “from the
studies and the sfte specific candidate systems are described in Section III

of this paper.

1I. SYSTEMS AND CRITERIA CONSIDERED

This section discusses the generic classification of the waste heat recovery
systems considered, and the technical and economic criteria used to screen

applications within these generic uses.

A. Waste Heat Recovery Systems

The three generic classifications of waste heat recovery systems considered
for use at federal facilities generating substantial amounts of waste heat
were direct use of heat, use of heat pumps to increase temperature, and power

conversion for production of electricity.
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Type 1: Direct Use of Heat

Evaluations of this type of.application included most of the agricultural
and aquacU]tural systems, low temperature industrial uses énd district

heating.

Type 2: Heat Pump Boosted Heat

The low temperature heat sources can be increased }n tehperatﬁre by means
of a heat pump system. "If temperatures can be economically increased to
the 250°-300° F range, the possible use of waste heat in industrial pro-
cesses is greatly increased and expanded. Thus, the focus for this kind

of application was on use in process industries.

Type 3: Power Conversion

The waste heat sodrces'can'be used to drive organic Rankine cycle engine-
generators to produce electricity. This épp1ication”has the advantage of
reéulting in a readily distributable and-usable energy form with a minimum
ofvinsfitutional problems. Generation of electricity in this manner in-
volves high equipment and low and stable energy costs as compared to lower
equipment costs but higher, and increasing, energy costs for fossil fueled
electric geﬁerating systems. As costs of fossiT'fueT increase further, the

economic comparison for the use of waste heat becomes more favorable.

B. Technical Criteria

Several of the criteria considered in the screening process were:

_Total and Percentage Amounts of Waste Heat Used

App1icatidns that are potentially large-scale users, which may or may not
permit re-use, or'partia1 use, of waste heat as part of a cascade of uses
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were ranked. -

~ e -Load Factor.

A11 the applications considered for using the waste heat sources require
large cap%tg] outlays in heat exchangers, piping, and mechanical equipment.
Therefore, the economic viability of applications requires using the waste .
" heat source for a high fraction of the time during the year and at close
to full capacity of the heat distribution system. An important criteria

used in rating potential application was the load factor, defined as:

heat use during year

Load Factor = —sSmum heat use during year

where the "maximumAheat use during year" is that which could be provided
with the equipment installed assuming continuous use for 365 days a year.

¢ Temperature Level of Heat Use

 The lowest cost heat is that which can be delivered to a function and used
~ at a temperature at which it is available without the need for temperature
boosting via a héat pump. For that heat which must be boosted in tempera-‘
- ture by a heat pump there is still é significant adyantage in being able

to utilize heat at as close a temperature to the source temperature as
possible. Therefore; the-applications were réted according to their tem-
perature level requirements. |

¢ Equipment Complexity and Cost

A wide range of system configurations were considered with varying degrées
of system complexity and cost. The simplest arrangements are those if

which heat is merely transferred from one point to another while the most
complex are the power cycles which require sophisticated thermo-mechanfﬁal

subsystems and, often, large cooling towers.

The relative complexity of the system options were ranked since complexity

shows up.direct]y in system cost.




@ Operations and Maintenance Cost

The operations and maintenance costs of the system options are usually re-
lated to the aforementioned equipment complexity issue. The more compiéx

the equipment, the more maintenance it usually requires; thus, the relative
0&M requirements of the system options were considered in the ranking process.

¢ Technology Status

Two technology status issues were considered in evaluating each application
option. |
(1) The status of the equipment required to utilize the waste heat
soche, such as that of the low temperature engines and heat pumps
required of the more sophisticated system arraﬁgements, and
(2) fhe status of the application itself particularly in regard to
applications which arevnot now commercially widespread such as
methanol from coal or several of the aquacultural systems being
considered.
App]ications for which the technology status is well defined had an advan-
tage over those for which there are serious questions regarding performance
and cost. The relative technology status 6f the a]ternaﬁives considered
was, therefore, one of the ranking criteria used to screen applications.

e Energy Value Added

As a practical matter, there is little incen£ive to locate an operation in
close proximity to the waste heét sburce if energy, in a form providable by
that source, is only a small portion of operating costs. The screening
process favored those applications where energy is an. important factor in
production costs.

¢ Potential Application Size (energy use)

There .are two incentives to favor-app]icationé which can use relatively

large amounts of the waste heat.



(1) There Sre certain economies of scale asﬁociated with the distri-
bution and'coﬁversion of heat which result in Iarger systems being
more economical than smaller ones, and \

(2) There is psychological merit in propos{ng applications which either
singularly or in combination with others can use a significant per-
centagé of the energy contained in the waste heat stream..

e Use of Natural Resources

Applications calling for major resources which were not ava{lable at or near
a particular site were rejected. Water is probably the most necessary re-
source, since if is required in large quantities for many of the aquacultural
and industrial operétions cbnsidered, and for cooling purposes. The extent
to which water use constiputed a problem at each site was addressed Specifié

ca]]y'ear]y in the evaluation process.

The technical screening process resulted in a successive reduction of appli-

cations carried forward for economic and other evaluation.

C. Economic, Financial and Socio-Political Criteria

After applying the technical criteria to the heat recovery options, including
natural resource availability and use, and selecting candidate uses, the con-
tractors condﬁcted a site-specific evaluation of their economic viabi1ity.'
They documented both the projects that met the economic criteria, and tho;e
rejected, after they:

1. ldentified the products of the enterprises proposed and what is known
about the market for these products both within and outside of the
fegions. |

2. Defined the capital costs
(a) For the enterprise

(b) For the waste heat delivery components
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Identified the employment provided by the enterprise, including

the waste heat delivery system, and translated this to labor force

requirements énd availability.

Described the raw materials needed and the availability.

Described the land requirements, including proximity to source.

Analyzed the economic impact of the availability of the waste

heat including:

(1) The costs incurred if the enterprise did not have the waste heat,
i.e., oétainéd energy from the Towest cost alternative source;

(2) The extent of dependence on the waste heat. What would happen‘to
the enterprise if waste heat was not available? Was there 5 ﬁeed

for standby alternative sources of energy?

Using the above information, they went to evaluate questions such as:

1.

If thié enterprise were in place today would it have an economic ad-
vantage because of its use of waste heat?

If not, what future developments are needed for it to have an advan-
tage? Are there barriers that neéd to be eliminated?

Are the assumptions made regarding costs, life of the project, etc.
consistent with normal practice? Have the effects of further escala-
tion'in.construction, energy and operating costs been fully taken
into account? |

How is the economic feasibility of the application affected by the
timing of its implementation? Will it be more feasible in 5 years,
10 years?

How sensitive is the use proposed to the temperature and quantity of
waste heat available? What alternatives should be explored or con-
sidered? | |

How much energy wduld the facility use that would otherwise be wasted,
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or would have to be provided fkom another source? What would be the -
ésfihétédasavings in BTU's? |

. Once the eéohomic screening wa§ compieted, the contractors documenfed their-
"best system" and inc]uded in their reports the various requirements to #mp]e-
ment it. They then defjned-the limiting factors and the action needed to

deal with them.

D. Regional Economic and Other Factors Considered

In addition to the ‘project-specific economic evaluation described above, each
contractor identified the general economic base of the site studied. The uses
recommended by them were then reviewed and evaluated by DOE personnel consider-
ing site-specific information about the economy, legal socio-political factors,
labor force and wages, resource availability, infrastructurg, topography, cli-
matic and other conditions. The growth potentia) for commercial enterprises
was evaluated, and constraints were identified. The benefits of imp]ement{ng

the project were also outlined. \

The contractors' elaborated on land availability for industrial process, agki-
cultural or aquacultural applications. They described both publicly and pri-
vately owned sites in- terms of size, price and distance from the federal facil-

‘ity. They also considered restraints, legal, topography, services and zoning.

The contractors repdrted‘on current industry, products, and markets. They
described what the areé Ean furnish in terms of in&ustry services,. and support
services, and the linkage required to local governments and special interest
groups. The.cqntractors jdentified what is available in terms of financial |
assistance, taxes and tax relief or incentives, training and other incentiyes.

and charaqterized(pommunity attitudes toward business.
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E. Institutional Definition

The formal review of socio-political environment and the parties that would be

closely involved in the implementation of the economically and tethnically
feasible projects involved the cbnsideration of various federalland.state laws
and regulations, and local/municipal government restrictions. Representatives
of government agencies, po]fticians; other closely involved parties: bankers/
financiers, suppliers/consumers, labor union, business and community leaders,
environmentalists and cohservationists, media representatives, consumer and

minority groups, historical societies, and others were interviewed.

The agencies, institutions, bodies, offjcia]s, organizations or companies that
will be involved in implementing the system are many, and the interrelation-
ships are complex. The contractors described the kind of organization or body
needed to proceed with a program to imp]ement the system, and its role. They
indicated what facilitative actions the Department of Energy would need to
take to involve the players identified, including legal and/or regulatory
changes. The recommendations included descriptions of new interfacg relation-

ships to be established.

F. Work Program

The final part of the study provided fhe Department of Energy with recommen-
dations for a program of work that should be undertaken in the next phase,
and a timetable for the work recommended.

The benefits accruing to DOE and some site specific results are described in

the next section.

I11. BENEFITS ACCRUING TO DOE AND SITE SPECIFIC RESULTS
A number of the benefits.app1y to all four studies, or are the product of the

four studies.

Certainly one of the benefits is the development of a better undérstanding
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of issues and criteria involved in using the waste heat presently being
rejected. Basically, in determining the benefits from developing uses

for waste heat, the relevant comparison should be against the cost of
 developing additional supplies of other sources of energy--not with future
average energy costs. Also, as the costs involved in utilizing wasté heat
are nmearly all capital costs (operating costs are minimal), it is of vital
importance to proceed quickly with_deve]opmentaT and‘demonstration projects.
Delays will, because of inflation of construction costs, substantially affect
the cost of such projects. Once completed, tﬁe costs of an electric gen-

_ eration or heat pump installation are for all practical purposes frozen,
while the operating cost of alternative installations will continue to in-

crease because of continuing escalation in fuel costs.

Study results indicate that although the generation of elecéric power using
the Rankine cycle app}oach, and the enhancement of'the temberature of water
using a heat pump, are technically feasible that the processes need to be
demonstrated on a s;ale adequate to evaluate performance and permit further
development and improvement of the technology. Such demonstrations would be
of great value in encouraging the utilization of waste heat at many other

insta]lations'in the United States.

* Actually, if use of waste heat results in costs equal to those associated
with the use of alternative energy sources, these still would be a benefit
‘to the United States from the conservation of alternative fuel sources.
Considering the problem of ofl imports and the costs of developing incre-
mental supplies of other'fuel resources, there is justification for pro-
viding some level of subsidy to waste heat utilization projects (at least

fnitially).
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During the course of the four studies} there have been indepeﬁdent assess-
ments of the universe of possible uses of waste heat. The contractors
have taken into account the conditions and resourcés at the specific
plant locations and evaluated a wide variety of possible approaches and

designs. This needed to be done as the amounts of energy represented by

. the waste heat rejected at federal facilities is too gfeat not to be

“horoughly studied. The studies have provided basic data on analysis and
evaluation of potential uses that were not selected for further study, as
well as those that were. Uses that were not selected for possible im-

plementation can be further assessed in the future and criteria varied

~as appropriate. It is important that the analyses are on the record so

that future studies can be facilitated without starting at the beginning

each time.

The studies generally agree that direct uses of waste heat (at 140°-

150° F)for industrial process nurposes is not economically feasible. Rec-
ommendations for direct use focus on greenhouse applications and aqua-
culture, where further development is needed. The major uses otherwise
are concerned with electric power generation (Rénkine Cycle), enhance-
ment of feedwater heat (through a heat pump) for a conventional electric
generating station, and upgrading water or steam temperatures by heat
pumps to serve a variety of industrial process users. Thus, the studies
have focused attention on applications which have the greatest economic
potential and for which demonstration of and improvement in technology

would be of great value. The results also vary by site.
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In particular, one study of use of the waste heat rejected at one
federal installation produced an interesting concept in which a self-
powered.heat pump (which would utilize a substantial amount of waste
heat) would be used to heat the feedwater for a 1,000 ﬁw coa]—fired
electric generating station. The industries served by the generating
station would use no further waste heat from the federal facility,

but would be designed to take full advantage of cogeneratioh to con-
serve energy. The direct uses recommended include greenhouses and a
novel aquacultural project, as well as a number of possible industrial
process uses. The waste heat used would be substantial and savings in
alternative fuel supplies of significant amount. There also would be
substantial economic benefits to be derived by the econdmy of the region

from increased employment and the resulting income.

A second study describes one project, electric power generation based
on the Rénkine Cycle, which would recapture part of the waste energy
from several reactors at a federal projeét. The power produced would be
used to méet the electric power needs of the project. This would per-
mit the savings of substantial amounts of alternative sources of energy
(the stqdy estimates an energy equiva]ént saving for each reactor of
500,000 b&rréis of 0il1). A second potential use envisioned the use of
a gas-turbine driven heat-pump to produce higher temperature water and
steam to serve a combination of appropriate industries. This would use
an amount of'waste heat with an energy equivalent saving of over one
million bqrrets of 0il a year. Substantial benefits to the regional
economy would result from increased employment. Direct uses Qould_in-
clude greenhouses and aquacultural deye]opments. again with benefits to

the economy and to improvements in teqhnology.
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A major potential use of the waste heat rejected by a fhird federal
facility is in large scale greenhouse operations. The greenhouse in-
dustry is_we]] developed in the region. A sizable greenhouse develop-
ment would result in substantial savings of energy as well as aid the
régional economy and permﬁt expansion of the industry to better serve
the regional market for greenhouse products. Other direct uses recom-
mended, a lumber predryer and an a]fa]fa/grain dryer, also would serve
and benefit the ioca] economy and brovide a demonstration of the use

of waste heat which could be replicated elsewhere.

" The study of the opportunities for use of waste heat at the fourth
~facility came up with a different concept of a heat pump installation.
Instead of a gas-turbine driven heat pump, or a self-powered héat pump,
the heat pump in question would be driven by purchased electric power.
The output of the heat pump could be used, according to this site's
contractor report, in a textile finishing operation and for oiher in-
dustrial purposes. This report also considers as possible uses.of
available waste heat a coal-cleaning operafion, a methanol plant, and a
pulp and paper installation. The coal cleaning plant may be a Qaluable
way of reducing the sulphur content of régional coal reserves; whilé
a methanol plant, if it proves to be feasible, would substitute toa]
for natural gas as a feedstock. The use of waste heat in the process,
- if appropriate, will substitute waste heat for other energy sources. A
. pulp and paper operation, if feasible, would draw on reg{onal reéources

and havé considefab]e value for the economy.
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The above study also has devoted considerable effort to studying the oppor-
tunities to use waste heat for district heating. Tﬂe data collected in these
studies is not only of value for the present study, but will be of considerable
'use in-future studies where such a use of waste heat is being analyzed and eval-
uvated. The study also dealt with modest projectsusing direct heat for green-
_houses and aquacultural development purposes. A Table, Proposed Uses, lists those

uses that the contractors recommended for near-term implementation.

Implications for the Future

Finally, perhaps the greatest value of the four studies is that they have
shown that there are many advantages and benefits to be gqined by taking
water at 140°-150°F and raising its temperature only as high as 250° to
350°F. The technology is old from a conceptual standpoint. What is
needed is a demonstration of the techno]égy on a scale large enough to
confirm the technical success of new designs and related costlprojections.
Underscoring the long-term importance of such instal]afions is the fact
that once completed and in operation, costs are largely frozen. Mean-
while, the outlook for alternative sources of energy over the long-term

is one of a continuing escalation in costs. While these trends and condi-
tions work to continually improve the economic feasibility of the use of
waste heat, there is also the underlying consideration that much eﬁergy

is available in waste heat and that use of such heat, wherever available,
conserves the U.S. energy supply aﬁd is a desirable end in itself, even

at a net cost.
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TABLE
PROPOSED USES -, ...

Direct Use

Process

Agricultural - Greenhouses (including mﬁshroom houses, Alfalfa/
grain drying, lumber pre-drying)

Aquaculture - finfish, clams, crayfish, prawns
District heating

Industry Applications

Textile finishing
Coal cleaning

Pulp and paper
Methanol plant

West corn milling
Soybean 0il milling
Alkalies and chlorine
Nylon plant |
weavingjmills

Textile finishing
Styrene plant
Butadiene plant

Power Conversion

" Open/open steam heat pump to produce'ls and 25 psig steam for

delivery to an industrial site, using a pump driven by purchased
electric power. 4

Self-powered heat pump to delivery 350° feedwater to a coal-fired
1,000 Mw generating station. ,

Rankine Cycle process to generate electric power.

Gas-turbine driven heat pump to utilize waste heat from one reactor -
to increase water temperature to 250°F, with part of the steam
passed by the 850°F exhaust of the gas turbines to produce a
higher pressure steam (500°F).
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ABSTRACT

The increasing scarceness of oil and na:ural gas provides the impetus to
uncover techniques of conserving these scarce fuels. Methods to conéerve
these scarce fuels include: 1) development and utiliéation of technologies
that operate at efficiencies that are higher than those which are in currént use,
2) wusing the waste heat from the generation of electricity for spaée heating
and/or cooling, and 3) implementation of technologies t;;t empiéy non-scarce
fuels and/or renewable energy resources. Coal and residual oils are less scarce

fuels; and renewable energy resources include solar energy, wind power, urban

solid and liquid wastes, and bio-mass.

Reducing the consumption of these scarce resources will involve the imple-
mentat ion of systems which consist of both new and currently available compo-
nents. The novel integration of'these components into systems to match the
available resources is necessary to conserve'scarce fuels. Many current, emerg-
ing, and advanced technologies need to be examined in order to provide‘energy
conserving system designs. Among the components which haQe potential fof imple-
mentation in these systems are Diesel engines, advanced gas turbines, incinera-
tion techniques, pyrolysis units, sélar collectors,'tﬁermal storage devices, heat
recovery equipment, heat pumps, and electrical storage devices. A discussion of °

technology options is presented in this paper.

A group of systems which employ these technology options is examined in the’
paper. From these studies it is evident that there are.-options to the conven-
tional means of meeting the electrical space heating and cooling, and miscella-

neous energy needs of an urban community. Many of these systems are both economic



“and energy conserving. It is also clear that the use of comnunity energy systems

whether they are district heating and cooling, total energv or selective energy

systems, can Teduce the amount of scarce fuels needed to supply the energy needs
of the community. Compared to an all-electric, conventional system, upwards of .

40 and 50 percent of scarce fuel energy can be saved.

The main problem faced by a designer of energy systems in an urban environ-
ment is what kind of system to choose and what technologies to incorporate. The
use of integrated systems is contingent upon many factors including energy sav-

’
.ings, initial costs, fuel costs, refuse disposal costs, system reliability and
maintainability, reliability of fuel source and certaint§ of the estimated energy
demand in the community. Further, one must give consideration to the institutional
problems of establishing an independent system in-an urban envirdnméﬂi;: It is

essential to consider all of these factors when considering an integrated energy

evstem.




TECHNOLOGY OPTIONS FOR ENERGY SYSTEMS

Energy sys.ems ére composed of components such as prime movers, electric.
genétators, chillers, boilers and other components. What fo}lows is a very
brief review of the types of components which are, or will-become, available for
use In energy systems, and their characteristics. For simplicity, they will be
discussed in order of the time frame of their commercial availability. These
are: 1) current technologies which can be obtained from several manufacturers;
2) emerging technologies which would be available commercially by 1985; and 3)
advanced téchnologies which are now under development and could be expected to

be available after 1985.

Current’Techn9logies

A partial listing of the various energy system componentélavailable for use
in an urban energy system is shown in Table 1. It is easy to see that one can
have a wide list of choices in meeting the energy demands of a community no

matter what the distribution is between electrical and thermal load.

Among the prime movers one can choose eithef Diesel gngines, gas tufbings
(simple and regeneratiye cycle), steam-turbines or combined-cycle plants. The
net electrical efficiency of a combined-cycle plant, which has.a gas turbine with
a steam-turﬁine bottoﬁing cycle, can ;ange from 35-45 percent and could be quite
attractive in urban systems. Diesel.epéine-generator efficiencies,.which vary
according to engine size and ;peed, vary from about 23-40 percent. Gas turbines
efficiencies can vary from 15-35, depending on size and cycle chosen. Although
gas turbines have relatively low efficiencies, the possibility exists ofkusing
the recovered heat from the exhaust gas stream as was done in the combined-cycle

plant. Steam turbiqe-generator efficiencies vary from 18 to 35 percent. The
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choice of prime mover is dependent upon the needs of the system. Many larger
systems which have large thermal to electrical load ratios have a tendency to
use steam turbines while smaller systems use Diesels for reliability and better

efficiency 'in the smaller size ranges.

Other components which can appear in the central plant of an urban energy
system include compressive and absorptive chillers, boilers and thermal storage.
Compressive chillers, which can have coefficients of performance '(COP) over 4.0,
can be driQen py an electric motor or directly by one of the above prime movers.
The waste heat from the prime movers can be used in absorptive chillers. The
single effect absorption chiller has a COP of about 0.6, while the double effect
machine which requires higher quality steam has a COP of about 1.0. Boilers
usually can be operated between 50-85 percent efficiency depending on the'opera—
tion of the boiler. Thermal storage offers an attractive alternative especially
in systems which have a low thermal to electrical demand during oné part of the

day while the reverse is true at another time of day.

Solid waste incineration with heat recovery offers an excelleﬁt way of re-
ducing the scarce fuel requirement while, at the same time, meeting the thermal
needs of the.tommunity. Upwérds of 10 percent of the energy needs of a community
can be provided by this method. However, the amount‘of waste needed to economi-
cally use this system usually restricts its use to rather large communities which

not only use a lot of energy but produce enough solid waste as Qéll.

Thus, there are a significant number of components available today to put
together economical and energy conserving community energy systems. But what is

potentially available in the future which may make these systems more attractive?




Emerging Technologies

There are many technologies which are currently under development and
demonstrafion which are expected to be available in the period between 'now and
1985. A partial listing of these technologies is given in Table 2. These

seem to have potential for being included in urban energy systems.

The first three technologies; Fuel Cells, Closed Cycle Gas Turbines, and
Organic Rankine Cycle Engines offer significant promise for urban energy systems.
Fuel cells, for example, can be designed to vary the electrical efficiency up to
as much as 70 percent. Thé current modeis have maximum efficiencies of about
38 percent and, like internal combustiqn ehgines, the rejected heat can be re-
covered to hélp meet the thermal needs. The fuel cell is quiet and non—pollﬁting
but in its present version uses natural gas as a fuel. Given the appropriate
pretreatment of the gases from pyrolysis or coal gasification plants, there

should be greater flexibility in fuel source.

Closed cycie gas turbines are attractive because they may allow the use df
fuels which are not scarce. The closed cycle gas turbiﬁe may be considered to
be an external combustion engine. Thus, it should be poésible to use coal, or
its products, as heat sources and' relieve the engine of its dependence 6n high

quality, more scarce, fuels.

The organic Rankine cycle turbine offers a method of préducing shaft p&wer
from relatively low tempé;ature exhaust gases from internal combustion engines
and incineration units. Further, and they may be.its most attractive applica-
tion, it can be used to obtain shaft power from solar thermal collectors. Thus,
the quine offers a significant flexibility for using relatively low grade temp-

erature sources.,



The Annual Cycle Energy System (ACES) currently under development and test

in Tennessee-'offers a unique method of energy conservation for the individual
building By stori;g."cold" dufing fﬁe winter and "heat" during the summer while
using a heat pump. The system is éurrently being tested in a single family resi-
dence but, in principle, the concept could be extended to larger buildings and
perhaps communities if enough space for storage were available. Du}ing the
winter the he;t.pump extracts heat from the water and it freezes; in the summer
water is passed‘through the coils in the ice storage bin and circulated throﬁgh
the house forlsﬁpling. It is esgimated'that this system could.save up to 50 per-

N

cent of the energy needed to meet heating, cooling and hot water needs.

Solid waste pyrolysis offérs a technique for meeting the fuel requirements
of the community while also solving the land fill problem. Pyrolysis units can
potentially be built in relatively small sizes and their product gés, which is
usually of low-Btu content gas, can be used as fuel in Diesel engines, gas tur-
bines, fuel ceils and bé mixéd with more high quality gas and piped around'the
community for other uses. As with inéineration,lupwards of 10 percent of the
total‘energy needs can be met in this manner. Similarly, methane production from
solid or liquid waste can offer some significant advantages especially if the

product gas has a high Btu value.

The application of solar thermal energy to urban systems can be attractive
for water heating and in conjunction with the organic Rankine cycle engine can
supply useful shaft power. Developmenﬁ of lower cost collectors and more effi-

cient systems could help solar play a bigger role in urban systems.

‘

Coal conversion processes, along with coal combustion in boilers, points the

way to using a less scarce fuel in an urban energy system. Of course, one must




consider the anount of pollutants which may be released if these units are located
close .to, or in, the community they serve. The atmospheric, fluidized bed coal
combustion system offers a method for using coal and eliminating the emission

of sulfur products.

Advanced Technolbgies

In the‘post 1985 period a host of technologies are expecfed to become commer-
cially available. Most of these technologies, of which a bartial list is given
in Table 3,.are curreﬁtly in the early investigative pgase of their development.
For this reason, ﬁhese will not be discussed in detail hefe.k éﬁffice it to say
that these ne& technologies will boost the-éfficiency of énergy converéién and,
in some, will aliow a broader application of non-scarce fuels, such as coal,

urban wastes, and solar energy.



ANALYSIS OF INTEGRATED ENERGY SYSTEMS

This paper provides the analysis of several designs of integrated encrgy
systems. Included in these systems are a fuel cell based system, a heat pump
centered syétem, and a Diesel engine baséd system. The addition of a pyrolysis
unit which employs the refuse from the site, with the Diesel engine based systém,
is also examined. Thermal storage is used in all these systems. These systems
are compared with a conventional system and with each 6ther in terms of scarce

fuel consumption.

These studies 1nvolved.the conceptualization of each system, an assessment
of annual system performance, and an initial assessment of the life cycle cosging
for each system.. This effort is not 1nfended to be a complete engineering feasi-
bility anaiysis. The scope is limited as follows: 1) ‘the concepts employed
herein were generated by using engiﬁeering judgements (no system optimization
has been employed), 2) three concepts were selected for each of the two commui-
ties considered (an exhaustive study of all possible technologies was not con-
ducted), and 3) no grid connectién was employed, unless the grid was the primary

source of energy for the system.

The two types of communities which were focused on are:
1. a ll5-acre regional shopping center, and
2. a planned 725-acre new community (commercial/residential), including
the shopping center.
Several concepts of integrated energy systems which meet the energy demands for
both the shopping center and commercial/residential areas were examined. These
systems, which employ current, emerging and advanced technologies have been

evaluated with regard téApotential energy savings and life-cycle costs.




For the shopping center, the annual electrical consumption for the
lighting of the mall and tenant buildings is 522, and the energy consuﬁptién
for heating and cooling represents 48 percent of the total.‘ For departrant
stores in the shopping. center, the anﬁual energy demand for lighting and HVAC
‘appears t; ge nearly equal. The annual energy cénsuméd at the shopping cénter
is as follows: |

non-HVAC 5.2 x 107 kWh/year

HVAC 4.8 x 107 kWh/year

For the entire commercial/residential area, less the‘shOpping.center,
36 ﬁefcent of ﬁhe energy demand is for non-HVAC use while 64 percent ié for the
HVAC éystém. The annual energy consﬁmed in the commercialﬁresidenfial area (less
the shopping center) is:
non-HVAC 5.0 x 107 kWh/year

HVAC 8.8 x 107 kWh/year

Hence, the total annual energy used at the entire complex is around 2.38 x

108 kWh. Of this 1.02 x 108'RWh are used for non-HVAC while 1.36 x 108 kWh are

required to satisfy the HVAC demands.

Enetgy Systems for.the Shopping Center.

Due to the current energy picture in the ﬁnited States, concepts which-will
provide both energy and life-cycle cost savings while meeting the.energy require-
ments of communities have excellent potential for development and implementation.
Three such concepts have been examined for both the shopping center andhthe‘entire
complex. These three concepts are:

1. A system which employs a bénk of Diesel engine-generators to meet the

electrical demand of the shopping center. The waste heat from the
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engines is used for space heating and cooling at the shopping center,
and the excess waste heat has potential to augment the space condi-

tioning requirements in the surrounding commercial/residential areas.

2, A heaﬁ pump centered system which utilizes eleétri;ally, or prime mover,
driven heat.pumps to meet the HVAC load of the shopping center. This
can be an all-electric system in the strict sense, but it has potential
for enérgy,savings because a heat pump operates with a COP greater than

unity.

3. A system which employs first generation, phosphoric acid, fuel cells as
the prime movers to meet the electrical demands of the shopping center.:
The waste heat from the fuel cells is used for space heating and cooling

at the shopping center in a manner similar to the Diesel engines.

Each integrated energy system has been designed to meet the peak electrical,

heating. and cooling power requirements in the course of a year.

An application of current technology is represented by the Diesel engine
centered poﬁér syétem. The emerging technology application .involves the use of
heat pumps, Qﬁiié the emefging to advanced technology system employé fuel cells
as he primé ﬁover to sﬁpplywelectrical power as well as thermal energy to meet

heating and cooling demands.

Each of these three basic systems can be employed in a host df ways. Tech-
_nolégiés sucﬁ as énergy generation from solid wastes, solar energy use, cold from
snow removal for éummer cooling, and diurnal thermal storage can be employed tq
reduce fuel cogés ana improve energy savings. The optioﬁs of usiﬁg sélid wastes

and storage have been examined and are briefly discussed.
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The study of these three integrated energy systems for .both the shopping
center and the entire complex will demonstrate that considerable erergy and
cost savings can be achieved. The energy conservation potential of solid waste

utilization and thermal storage was also considered in each case.

These three systems are assumed to use different sources of energy. The

systems and their primary fuel sources are listed in Table 4.

bThe Diesel and fuel cell based systems have the electricity and heat gen- '
erated at a central location, and require di#tribution systems. The héat punp
centéred systems employ grid electricity and can have individual heat pumps for’
each building or be loéated in a central location with a distribution system.J' .
_Deciéions favoring one system over the others are contingent upon many factors --
"such as energy savings, costs, system reliability, availability of the fuel

source, and environmental considerations.

In order to conduct the studies, sqme design and component characteristics .
and cost numbers had to be assumed. ‘Table 5 summarizes these de;ign ;nd cost
paramete%s. During the Winter,.the electricity used for 1iéhtiné supplies most
of tﬁe heating ;équirements while the shopping center is in operaﬁién. The excess
heat resulting froﬁ lighting is removed with the circulation of ou&side.air;

however, during the summer this results in an added cooling load.

Estimates.of annual energy requirements are made.in-the following manner:
Over a year ét the shopping center, the amount of heﬁting required is équal to
50 design déys while the amount of cooling is equal to 75 design days. For the
commeréial/résidential areas the annual heating réquirgmeht is equivalent to

that of 66 design days, and the annual cooling is equivélent to about 15 design

~ days.
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The results of the performance and‘cost studies for the shopping center
are contained in Table 6. for the shopping center, the fuel cell and Diesel
based systems result in larger fuel savings and a larger annual return than does
the heat pump centered system; although all three systems show energy and cost

savings when compared to the conventional all-electric system.

As an example, Fig. 1 illustrates the energy generation and consumption
profiles for a winter design day using the fuel cell based system. The internal
heat generation at the shopping center is more than adequate to meet the space
heating, except in the early business hours and off hours. Hence, most of the
heat re;overed from the prime mover during the business hours can be placed in

storage and extracted when the demand exceeds generation, as illustrated.

An additional option available for heat and possibly usable fuel 1is solid
waste (i.e., refuse). A technique to extract the energy from solid waste and
use it in either Diesel engines or fuel cells is pyrolysis. The waste generated
at the shopping center results in about 7.8 tons/day of essentially Type O trash
wi;h a heating value of 8500 Btu/lb. A éyrolysis unit could provide about 3 x
1010 Btu/year of fuel which could be used in the Diesel engines. Including this
pyrolysis fuel in the Diesel based system reduces the outside fuel consumption

and increases the overall thermal efficiency of ‘the system as shown in Table 7.

Energy Systems for the Shopping Cenfer/Commercial/Residential Areés

“ The total annual load for the shopping center/commercial/residential com-
plex is 2.38 x 108 kWh; 1.02 x 108 for non-HVAC (electric) and 1.36 x 108 for
HVAC. Fuel cell, Diesel engine, and heat pump based systems have been examined

to meet the total energy demands of the complex.
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As in the shopping center, energy ‘systems have been designed to meet the
peak electrical, heating, and cooling requirements. The Diesel engine and fuel
cell prime mover systems have Eeen conceptualized to operate indepenaent of the
grid, alth;ugh these two systems could be augmented by.a grid COnnéction. fhe:
heat pump centered system is fed by the grid sinée its iﬁcoming energv is élec-
tricity, although an attractive alternative is to drive the heat pumﬁs with a
Diesel engine. VThe results of the performance and cost studies for the entire
development are shown in Téble 8. It is seen that all threé candidéte.sys;éms
show both(énergy and cost savings when compared to the conventional system. As
was the case for the shopping centef only, the fuel cell and Diesel engine based

systems result in greater annual fuel savings than does the heat pump centered

systen.

Overall system economics included the determination of the added capital
and operating and maintenance costs compared to a conventional, all-electric
éystem. The effect of taxes, depreciation and interest costs were not factored

into the study since these could be strongly affected by the financial strategy

employed.

It should be noted that both the fuel cell and Diesel engine based systems

described employed heat pumps in individual buildings. Use of heat pumps in
both these systems showed tremendous gains in energy savings when compared to

systems which did not employ heat pumps.
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CONCLUSIONS AND SUMMARY

From the discussions on technology options and the study of the Diesel,
heat pump, and fue1 cell based systems, it is evident that.there are options to
the conventijional means of meeting the electfiéal space heating and cooling, and
miscellaneous energy needs of an urban cémmunity. Many of these systems are
both economic and energy conﬁerving. It‘is also clear that the use of community
cnergy‘systems, whether they are district heating and cooling, total energy or
selective energy systems can reduce the amount of scarce fuels needed to supply
the energy needs of the community. Compared to an all electric, conventional
system upwards of 40 and 50 percent of scarce fuel energy can be saved mainly

because of the waste heat usage from electrical generation.

The main problem faced by a designer of energy systems in an urban environ-
ment 1is what kind of system to choose and what technologies to incorporate. The
use of integrated systems is contingent upon many factors including energy sav-
ings, capital costs, fuel costs, refuse disposal costs, syétem reliability and
maintainability; reliability of fuel source and certainty of the estimated energy
demand in the community. Further, one must give consideration to the institu-
tional problems of establishing an independent system in an urban environment.

It is essential to consider all of these factors when considering an integrated

energy system.
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TABLE 1. PARTIAL LISTING OF CURRENT TECHNOLOGIE

® DIESEL ENGINES ® CENTRAL CHILLERS
@ GAS TURBINES ® BOILERS
@ STEAM TURBINES ® HEAT PUMPS
© COMBINED CYCLE ® THERMAL STORAGE
" PLANTS -

, ® SOLID WASTE
® ELECTRICAL GENER- INCINERATION
ATION '
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TABLE 2. PARTIAL LISTING OF EMERGING TECHNMOLOGIES

® FUEL CELLS " @ SOLID WASTE

‘ PYROLYSIS
® CLOSED CYCLE GAS .
TURBINES ® METHANE PRODUCTION
® ORGANIC RANKINE ® SOLAR THERMAL

CYCLE ENGINES
: ® COAL GASIFICATION

@ ACES AND LIQUEFACTION

® FELECTRIC COMPRESSED
AIR STORAGE




TABLE 3.

PARTIAL LISTING OF ADVANCED TECHNOLOGIES

-17- %

ADVANCED RANKINE CYCLE
MINTO WHEEL'

STIRLING ENGINES
ELECTROCHEMICAL STORAGE
ADVANCED FUEL CELLS

SOLAR PHOTOVOLTAICS




"TABLE 4. THREE BASIC INTEGRATED ENERGY SYSTEMS AND
THEIR FUEL SOURCE ’

SYSTEM FUEL

© DIESEL ENGINE SYSTEM DIESEL FUEL OIL
® HEAT PUMP CENTERED SYSTEM ELECTRICITY FROM GRID

® FUEL CELL SYSTEM NATURAL GAS.
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TABLE 5. ASSUMPTIONS AND DESIGN CHARACTERISTICS

1. Costs
A. Shopping Center 2.1¢/xWh
B. Balance of Complex 3.0¢/kWh _
*C. #6 Fuel 0il $1.94/million Btu -
'D. Natural Gas $1.42/million Btu

2. Design Characteristics

A. Peak non-HVAC (MW)

Shopping Center - 12.5 M
Balance of Complex - 14.9 MW
Entire Complex - 23.0 MW '

B. Maximum Desién HVAC Loads

2 i i
(Btu/ft.4) (1.e.3 Design Day) Cooling Heating

Shopping Center Mall

and Tenant Building 57.0 22.0
Shopping Center ) i

Department Stores 55.0 20.0
Commercial 50.0 40.0

Residential 20.0 50.0
3. Component Characteristics

A. Diesel Engines

Electrical Efficiency - 34%
Recoverable Heat - 367
Waste Heat - 30%

B. Fuel Cell

Electrical Efficiency - 38%
Recoverable Heat - 467
Waste Heat - 16%

C. Heat Pump - COP = 2.0 (Avg.)v

* . ‘
#6 0il = 155,000 Btu/gal = 6.45 gal/million Btu,
25 $.30 gal = $l.94/million Btu.
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TABLE 6. PERFORMANCE AND COSTS FOR FUEL CELL, DIESEL; AND HEAT PUMP BASED

SYSTEMS VS. THE CONVENTIONAL SYSTEM FOR THE SHOPPING CENTER

FUEL CELL DIESEL HEAT PUMP
.. 7 7 7
Annual Electricity -3.75 x 10 3.72 x 10 5.32 x 10
Consumed (kWh) )
Annual Fuel Consumed (Btu) 3.49 x 1011 4.34 x 1011 6.05 x 1011
Annual Energy Cost ($) 4.56 x 10S 8.22 x lO5 1.12 x 106
Annual Fuel Savings (Bfu) 43.5 x 1011 3.60 x 1011 1.79 x 1011
Annual Fuel Savings (%) 55 46 22.4
Energy Cost Savings ($) 9.52 x 105 6.26 x 105 3.31 x 105
Incremental Capital 3.79 x 106 2.47 x.lO6 2.35 x 106
Cost (9)
4 4
Incremental O/M Cost ($) 8.17 x 10 3.65 x 10 —~——
Annual Savings ($) 8.70 x 10S 5.90 x 105 3.31 x 105
Annual Return (%) - 23.0 23.9 14.1
Payback (Year) 4,36 4,18 . 7.1
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TABLE 7. " INCREASES IN OVERALL THERMAL EFFICIENCY BY INCLUDING

PYROLYSIS FUEL IN DIESEL BASED SYSTEM

SYSTEM Btu/YEAR  FUEL SAVINGS (%)

DIESEL GENERATOR : 4.34 x 10 46
DIESEL GENERATOR AND 3.96 x 10 L 497

PYROLYSIS




W

TABLE 8. PERFORMANCE AND COSTS FOR FUEL VCELL, DIESEL, AND HEAT PUMP

" CENTERED ‘SYSTEMS VS. THE CONVENTIONAL SYSTEM FOR THE SHOPPING
CENTER, COMMERCIAL, AND RESIDENTIAL DEVELOPMEIT

FUEL CELL DIESEL HEAT oM

Annual Electricity 1.39 x 10 © 1.39-x 10° 1.97 x 10°
Consumed (kWh) ' ' R
Annual Fuel Consumed.(Btu) ‘ 1.45 x 1012 1.58 X 1012 2.24 x 1012
Annual Energy Cost (§) 2.06 x'106 ' 3.67 X 106 5.91 x 10§
Annual Fuel Savings (Btu)  1.27 x 10°2 1.14 x 102 0.68 x 10%2

Annual Fuel Savings (%) 54 51.6 18.9
Energy Cost Savings ($) 5.11 x 10§ 4.63 x 106 1.26.3 106
Incremental Capital 14.77 x 106 - 13.58 x 106 6.36 x lO6
Cost (%) ) ‘
L S. 6 5
Incremental O/M Cost -($) 5.00 x 10 1.39 x 10 0.35 x 10
Annual Savings ($) 4.61 x 106 3.24 x 106 1.22 x 106
Annual Return (%) 31.2 23.8 19.3

Payback (Year) 3.2 4.2 : 5.2

-
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Non-HVAC Demand
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Fig. 1. POWER GENERATION AND CONSUMPTION PROFILES
FOR A PEAK WINTER DAY WITH THE FUEL CELL
BASED SYSTEM
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1. INTRODUCTION

Among the various atmospheric effects attributed to the operation
of the cooling towers and ponds of large power stations is that of pre-

1 The important characteristics of such cooling

cipitation modification.
systems vis-a-vis the conventional once-through cooling‘system is that the
waste heat is discharged directly into the atmosphere in both sensible and
latent forms. This discharge represents a persistent perturbation in the
lower atmosphere, which under certain conditions could upset latent instabil-
ities and trigger rainfall storms or énhance the intensity of naturally
occurring precipitation events. It should be emphasized that we feel that it
is the persistent nature of the perturbation, rather than its magnitude,

1 For a modern,

that is the possible origin of precipitation enhancement,
four-ynit power plant with an electrical cépacity of about 3,000 MWe, the
estimated atmospheric discharge is about 5,000 MWt ahd SO;OOO gals per min
oflwatér; these aﬁounts are small compared with the energy and moisture
associated with even a moderately sized thunderstorm. The magnitude of

the perturbation could potentially become important, however, if the concept
of "energy centers' with electrical capacities exceeding 10,000 MWe, becomes

a reality in the future, ?

Such a concept is currently being considered,
especially for future nuclear plants to insure nuclear nonproliferation.
The U.S. Department of Energy (DOE) has established a program called

METER (Meteorological Effects of Thermal Ehergy Releases) to investigate
2,3

the atmospheric effects of cooling towers and ponds. Effects being investi-
gated include drift depoéition, fog and icing, shadowing, and precipitation

“ As part of this nationwide program, the Oak Ridge National

modification.
Laboratory (ORNL) is studying precipitation modification from large cooling'
towers.>»®,7 TFor that purpose, the Bowen Electric Generating Plant (Plant

Bowen) in Northwest Georgia has been chosen as a test site. This 3,200-MWe



coal-fired power plant of the Georgia Power Company uses four natural-draft
éoéling towers and is the largest of U.S.Apower pl;nts having cooling towers
as the sole cooling method. Completed in the early 1970's, it is situated
about 40 mi NW of the city of Atlanta in a broad'valley amidst gently rolling
hills. | ' | '

The ORNL activities presently include both climatological and field
studies. Extensive use has been made of the U.S. National heather Service
(NWS) data accumulated over several decades in Northwest Georgia. Apart
from providing preliminary indications of precipitation modification effects,
these data have aided in the generai understanding of the climatology in the
vicinity of Plant Bowen and have paved the way for the field studies currently
underway. These field studies, employing a dense network of rain gauges and
windsets, are expected to provide the statistical data base necessary to

estimate the plant's effect (if any) on precipitation.




2. CLIMATOLOGICAL STUDIES WITH NWS DATA

The National deather.Service (NWS) collects meteorological data at a
number of key stations across the country. Most of these stations are located
on major airports. This network of NWS stations is augmented by the Coopera-
tive Network which is operated by volunteer observers who record one or more
meteorological variables and report them to the NWS. The nleteorological
variables, monitored at the above NWS stations, include temperature and
humidity, wind speed and direction, precipitation amount, etc. Those of
the Cooperative Network generally record precipitation. Figure 1 displays
the NWS and Cooperative Networks in Northwest Georgia. Fifty-nine of these
stations within a 60-mi radius from Plant Bowen were selected for climatol-
ogical studies. These stations, operating continuously or intermittently,
have provided daily rainfall amounts since 1949. Surface wind data from the
two NWS stations (Atlanta and Rome Airports) have also been included in the
analysis as well as upper-air wind data from the Athens Airport about 90 mi

E of Plant Bowen.

2.1 Data Quality Evaluations

.Iﬁ dealing with precipitation data from the Volunteer Network, it is
important to recognize that these data are collected by a great number of
individuals over a long period of time and with différent‘instruments.
Because of the wide variety of possible errors associated with such data
acquisition, be carried out a careful preliminary evaluation of the quality
of the obtained data. This consisted of two parts: field visits and analy-
tical tests. The field visits were undertaken primarily to assess the expos-
ure and quality of the instruments themselves. As a result of these field
visits, several of the original 59 stations were dropped because of poor
exposure.

The analytical method known as '"double mass"®>? was then used to
determine whether extraneous occurrences (e.g., a change of rain gdﬁge loca-
tion exposure) caused a consistent departure of the recorded data froh the
long-term mean. Data from another nearby station with dependable records

were used as a basis for comparison. Thus, we designate the recorded rainfz?l
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amount from a given rain gauge station X as Xi wvhere 1 = 1,2,...,Nand i
is the ‘constant time interval over which the data’are recorded (e.g., daily,
monthly, etc.). From a collection of the above data, we created the fol-

-

lowing cumulative record

X,
i

-
1]
N .

1
where j = 1,2,...,N (Xl = 0).

Similarly, for a station Y we have

I M«
<
~
<
[}

o
p

Y,
i+l i
Now assume that station X is the dependable one and Y is the questionable
one. By eliminating j from Xj and Yj’ we plot the relationship Y = £(X) on
a cartesian coordinate frame. The result will be a series of data points in
the first quadrant. If the straight line segments that best approximate con-
secutive groups of points (i.e., the least squares fits)‘have'approximately
equal slopes, then we can conclude that station Y has-acceptable data; If
an obvious change in the slope is evident after some point,.we can ;onclude
that after the time corresponding to that point the continuity of the record
was severed. In that case, we either consider the record as being composed
of two‘different records from two different stations prior and subsequent to
that point (e.g., in the case of an instrument relocation); or in the case
of multiple significant slope changes with no apparent reéson, we disqualify
the station. Figure 2 displays the double-mass graph of winter pfecipitation
totals (December through February) for the "Atlanta Bolton" station vs the
"Atlanta Airport" station. This graph, as well as initial contour ﬁaps con-
taining the "Atlanta Bolton" station, led to the discarding of this station's:
data from further analyses. Figure 3 presents the double-mass graphs for the
"Dallas' station's winter record vs the respective ones for the "Embry" and
"Douglasville'" stations. Despite the fact that the 'Dallas" station was
relocated six times during the period 1948 to present, the double-mass graphs

show no appreciable changes in the slope. As a result, the records from all
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"Dallas" stations were joined together into one coptinuous record represent-

ing the general area over which the '"Dallas'" station has been located.

2.2 Data Stratification and Inference

-

As mentioned in the Introduction, Plant Bowen's effect on rainfall could
manifest itself in several ways. The most obvious one is aogeneral increase
of rainfall in the downwind area. This additional rainfall can be detected
as either an increase with fespect to the upwind area or with respect to the
areal long-term mean. The natural spatial and temporal rainfall variability
complicates the investigations in the choice of the time period for study
(storm duration, day, month, etc.); and the determination of the magnitude.
of the effect since,depending on the time stratification, the potential effect

"random noise."!% Another manifestation of

could be bufied in the natural
the'effect could be an increase in storm frequency in the vicinity of the plant
with or without a substantial increase in rainfall amounts. 1In all cases,
the monitoring of the power plant's thermal outrut is important since the
effect would be expected to increase with increasing output.
It was apparent at the start that the NWS data would be insufficient
by themselves to study the power plant's effect in all the aspects described
above, becauée of limitations of data density and quality.11 Nevertheless,
.anélyses were carried out utilizing the NWS data. To our surprise, they
yield éeveral_significant results. It is important to note at this point
that in all the analyseé using NWS rainfall data the smallest data increment
(in the time sense) was one month. Most analyses dealt with seasonal rain-
fall totals. The seasons were chosen as follows: December through February
(winter), March through May (spring), June through August (summer), and
September through November (fall). Some work was also done with wet and dry
season stratifications, primarily.to distinguish between the two main types
of rainfall situations (frontal and convective). The wet season included
the months of December through April, and the dry season the remaining ones.
The framework for these analysis of rainfall modification baséd on the
NWS data was a combination of target-control and preoperational-postoperational

10

techniques. Some sample results are presented: Figure 4 depicts the

surface wind-rose constructed from the recorded surface winds at Atlanta
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10

Airport for the winters of 1950 through 1977. The resulting distribution
disblays predominant northwesterly winds. This is'a véry encouraging fact
for the'climatological study, since it shows that the city of Atlanta with
its potential urban effect lies downwind of the plant. An examination of
surface wind data af Rome Airport also indicated a predominant northwesterly
direction for the winter months. Figure 5 depicts the wind roses for the
upper-air winds at the Athens Airport, about 90 mi east of Plant Bowen, for
the period 1956-1976. Wind foses were developed for two pressure levels,
850 and 500 mb, from the data obtained at 12-hr intervals. The prevailing
wind direction is clearly from the west at both levels. ' Based on the pre-
vailing surface and upper-air winds, we ﬁostulate the general southeasterm
area ffbm Plant Bowen as the target area. Figure 6 displays the contour
map for the ratios of postoperational (PO) to preoperational (PREOP) normalized -
winter precipitation means for the 30 stations within a 40-mi radius of Plant
Bowen. The normalized precipitation means were generated as follows. The
-total precipitation amounts for each winter season at each station was

divided by the arithmetic areal mean for each winter season. This guarantees
that the areal variations of preéipitation for each winter season will con-
tribute equally to the subsequent averaging (wet and dry seasons have equal
weights). The preoperational means are the arithmetic means of the nor@al-
ized precipitation values for the period 1950-1971; and the postoperational
ones, for the period 1972-1976 (Plant Bowen's first»unit begame operational

in Octéber 1971). The ratios of the latter (PO) to the former (PREOP) are
displayed in Fig. 6. It is noted that precipitagion high appears in the gen-
eral downwind area of the plant. As discussed earlier, it is premature to
attribute this result to a plant-induced effect. In fact, following the
application of a rank (Wilcoxon T) test,!? it was found that the statistical
significance of the result was rather small. Nevertheless, this result
serves as a starting hypothesis to be confirmed or discredited by the Tesults
‘of the field study. Figures 7-10 display the contour plots for the ratios of
the five-year postoperational normalized means to four different five-year
preoperational means (51-55, 56-60, 61-65, 66-70). Taking into account natural
variations, we observe that the precipitation high persistently appears to

the south and east of the plant (the downwind region). Similar five-year r;n-

ning mean ratio plots were generated with other preoperational five-year




Fig. 5. Wind direction distributions of wi—nds at the 850- and 500-mb
. pressure levels at the Athens Airport for the period 1956-1976.
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periods in the numerator for comparison. The plots displayed consideréble
random behavior with no persistent patterns in the precipitation highs and
lows. Figufe 11 displays the equivalent of Fig. 6 for an enlarged network
(the stations within a 60-mi radius of Plant Bowen) and for the postoperational
period‘l972—l978. Th; basic patterns of the contour plots is the same in-
both figures. A éeries-of statistical tests were then applied to the data to
test the significance of the result. Apart from the rank (Wilcoxon T) test
mentioned above, parametric tests such as the Student's t-test were attemptéd
with limited success. The roots of the difficulty lie in the use of monthly
rainfall totals which exhibit unwieldy frequency distributions and resist
treatment by standard parametric statistical techniques. Current research

includes attempts to characterize these frequency distributions by more complex

techniques.

2.3 Spatial Correlations

The use of the spatial correlation as a tool to investigate rainfall
modification effects is quite controversial.l3 One proposed method (not
described in this paper) attempts to utilize the spatial correlation for that
purpose. by establishing the background natural variability of the spatial cor-
relation function. Spétial correlations have also been used to characterize the
local climatology and to produce quantitative measures of rainfall relationships
between stations.l,15,16 Figures 12-14 display the correlation coefficient con-
tour plots we obtained for three stations (''Beaverdale 1lE," Ball Ground," and
"Atlanta Airport'") computed on the basis of 300 consecutive common months. It is
noteworthy that the correlation coefficient isopleths have a predominant direc-
tion along the WSW-ENE. This direction coincides with the direction of the pre-~
dominant storm tracks;!7,18,19 a plausible explanation of the phenomenon is that
storm systems moving along a given direction produce precipitation amounts along
that direction with consistent relationships (these relationships are probably a
function of topography, storm type, eﬁc.). Moreover, thg possibility exists that
a storm moving along a given direction would produce rain along a relatively nar-
row strip in that direction with no rain elsewhere. This is translated into high
correlations along that direction with low correlations in the perpendicular dir-

ection. Since the correlation coefficients presented here are computed on the
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basis of monthly totals, the above-mentioned sharp differences are to some extent
smoothed out over the various storms. Nevertheless, the observed patterns sup-
port this theory to a satisfactory degree.

The relationship between the correlation coefficient and distance was
investigated by displaying all computed correlation coefficient values vs the
normalized distances between stations (the distances were mormalized by the
distance between the "Beaverdale 1E'" and "Franklin 2" stations). A coordinate
system was established in which the x-axis was aligned with the direction of
the prevailing storm tracks (Fig. 13), and the origin was located at the
respective station; B is defined as the angle (0° < g < 90°) which the posi-
tion véctor for every other station forms with the x-axis. Figure 15 contains
the results, where stations with 0° < B < 20° are depicted by a *, with
20 < B < 70° by a o, and with 70° < B < 90° by a +. As expected from the pat-
terns Sf.the correlation plots, stations with small B have larger correlation
coefficients when compared with equidistaﬁf stations with large B. Despité
the considerable scatter of points, there is eQidence of a quasilinear rela-
tionship between the two quantities beyond a certain distance.o It remains to
be seen whether that relationship is intrinsic to the network area,kis dependent

on the type of predominant storms, or obeys some universal law.

2.4 - The Plant Bowen Field Study

The Plant Bowen field study was felt to be necessary for several reasons.
The current state-of-the-art in precipitation studies recommends a rain gauge
density of about 1 gauge per 16 sq mi; the NWS network falls short of that
number of én order of magnitude. This.density requirement becomes particularly
important for rainfall events of the convective type (summer rainfall),/ana
our Specuiationris that precipitation modification would maximize during such
events. The second reason for carrying out the field study was that the poten-
tial effect was believed to be sufficiently small so that higher resolutién
instrumentation (recording rain gauges) would be necessary to investigate rain-
fall on a storm event basis. _An additional aimension of the problem was the
need for a concise knowledge of the prevailing winds in the vicinity of the
plant during the rainfall events for the implementation of the control-target

area technique.10




23

ORNL-OWG T7- 21434

o°
0.9 T
o . 8& o
o8 7 _..:
Poron® . o © STATIONS WiTH G° S 0 < 20°
| ’.‘.',b“‘.“’ 7..-& OSIRNURS vaTm 30T 13 8 70
w T adegt a0y o o STATICHS WiTH 700 < @ € 90°
o o fams o “log e .
Q. ‘ro..8, %9 &°Q °
w IO' - L) o
W .'-‘ ’n 3 M -1
w . Z .0 °
o D R S o
v . . P N (LR
z . DR A
o . . v [T
Ei totete KX g c
M . . .
g o7 e e
« A . - of
a o AR ’
8 ,._ on'-‘.. 'o.
3 ° . . o .
a . S PR .
- . - o o .
& . AR PO
“ e " o .o _
~ -
o . °
B .
i .
06 . —
. S
.
. 4
. -
.
.
b
.
03
[¢] N 2.2 04 -1 (1] 10 1.2

NOBIAALIZED LILTANCE i

Fig. 15. Spatial correlation coefficients vs normalized distances for all
stations satisfying the 300 common-month requirement.



24

The METER-ORNL precipitation network was installed in February 1978.
Figure 16 depicts the present network against the topographical map of the
area. It is composed of 49 recording rain gauges and 4 recording windsets.
The rain gauges are of the weighing-bucket type continuously recording on a
weekly chart. The windsets include a cup-anemométer, a wind-vane, and a strip-
chart recorder oberating on a monthly basis. Three-hr weather maps obtained
from the NWS provide information regarding the prevailing s;noptic conditions
(storm type, storm movement, etc.). In addition, the power plant's thermal
output (on an hourly basis) during the rainfall events is obtained from the
Georgia Power Company. Additional wind data are recorded at the power plant's
meteorological station located a few miles from the cooling towers. The above
informétion is being accumulated on a storm-by-storm basis. Precipitation
events are considered distinct storm events when they are separated by at

least two hrs with no rain over the entire network. The complete data base,

L 1

thus, is composed of 'storm profiles,’ such as those presented in Figs. 17
and 18 for two storms in March 1978,

The Bowen Plant field study is currently underway and is expected to con-
tinue for five yéars with a data base of approximately 600 storms.20 It is
believed that this data base will be sufficient to detect any plant-induced
effect -and provide its qualitative description as well as a quantitative

measure of its magnitude.
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FIGURE CAPTIONS

Fig. 1. Map of Northwest Georgia depicting the National Weather Service
(NWS) and Cooperative Network stations. The stations within the circle are
used for the climatological study.

Fig. 2. The '"double-mass' graph of winter precipitation totals for the
Atlanta Bolton station vs the Atlanta Alrport station.

Fig. 3. The "double-mass' graphs of winter precipitation totals for the
Dallas station vs the Embry and Douglasville stations. Arrows indicate the
years during which the Dallas station was relocated.

Fig. 4. Surface wind-rose for the Atlanta Airport station for _the
w1nters of 1950 through 1977, -

Fig. 5. Wind direction distributions of winds at the 850- and 500-mb
pressure levels at the Athens Airport for the period 1956-1976.

Fig. 6. Contour map of ratios of postoperational (PO: 1972-1976) to
preoperational (PREOP: 1950-1971) normalized precipitation means (winter).

Fig. 7. Contour map of ratios of postoperational (PG: 1972-1976) to
preoperational (PREOP: 1951-1955) normalized precipitation means (winter).

Fig. 8. Contour map of ratios of postoperational (PO: 1972-1976) to
preoperational (PREOP: 1956-1960) normalized precipitation means (winter).
Fig. 9. Contour map of ratios of postoperational (PO: l972—1976) to
preoperational (PREOP: 1961-1965) normalized precipitation means (winter).

Ftg. 10. Contour map of ratios of postoperational (PO: 1972-1976) to
preoperational (PREOP: 1966-1970) normalized precipitation means (winter).

Fig. 11. Contour map of ratios of postoperational (PO: 1972-1978) to
preoperational (PREOP: 1950-1971) normalized precipitation means (winter).

Fig. 12, Contour map of the spatial correlation coefficients for the
Beaverdale 1E station (based on 300 monthly totals).

Fig. 13. Contour map of the spatial correlation coefficients for the
Ball Ground station (based on 300 monthly totals).

Fig. 1l4. Contour map of the spatial correlation coefficients for the
Atlanta Airport station (based on 300 monthly totals).

Fig. 15. Spatial correlation coefficients vs normalized distances for all
stations satisfying the 300 common-month.requirement.
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Fig. -16. The METER-ORNL network superimposed on the topographical map
of NW Georgia. The minimum elevation in the valley is about 600 ft above mezan
sea level.

Fig. 17. Storm Profile No. 9.

Fig. 18. StormProfile No. 10.
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'ABSTRACT

A STATUS REPORT ON THE AMMONIA, PHASE-CHANGE DRY COOLING SYSTEM
“ RESEARCH PROJECT

Previous research (supported by the U.S. Department of Energy
(DOE) and the Electric Power Research Institute, has identified
the ammonia-based dry cooling system as the most promising
approach to water conservation in power plant cooling for
utilities. The system configuration which has been selected as !
- optimum in these studies will now be demonstrated on a 6 Mwe
test facility at a Pacific’Gas and Electric power plant in
Bakersfield, California.

The demonstration will include the use of ammonia in the
transport loop, the use of enhanced heat transfer surfaces in the
steam condenser/ammonia reboiler, and the use of deluge water
augmentation on the air-cooled condenser in .addition to all-dry
operation. The facility will be designed and constructed during
1979 and 1980. Testing is scheduled after 1981 through 1984.

In addition to component performance data, the test program will
emphasize (1) the effect of the power plant environment. on the
component performance and reliability; (2) reliability of
proposed fabrication techniques for the aluminum components;

(3) dynamic responses of the system to power plant operating
transients and to emergency conditions.



Introduction: The Need for Dry Cooling. .

Recent energy projeétions call for the addition of more than 1000
new steam-electric generating.plants in the next 25 years. These
plants must reject heat to the environment in the ratio of
approximately 2 watts of rejected heat for each watt of

electricity generated.

The future increase in rejected heat load must be accommodated in
a publicly acceptable manner with minimal depletion of water
(where it is scarce), conservation of fuel resources, and a
minimum of adverse impact on jobs and lifestyle, environmental

damage, and excessive economic penalties.

Absolute water scarcity is not likely to become a problem in the

1 The mean annual runoff in the

U.S. in the foreseeable future.
continental U.S. is 1200 pbillion gallons per day (bgd). Current
storage capacity provides about 280 bgd in dependable surface
supply. An additional 70 bgd are withdrawn from underground

water sources and 55 bgd from saline water supplies.2

In spite
of this water abundance, however, shortages do occur and will
continue to occur because the water is not uniformly spread
throughout the country. Interbasin water transfers are often
prohibitively expensive, especially if they involve long

distances.3

The greatest competition for fresh water is likely to occur 1in
the 11 Westernmost states of the continental U.S. These are the
states where rainfall is the lowest and irrigation is most
intensive. A recent study estimated that 2.5 million acre-ft of
fresh and waste water potentially would be consumed -annually to
meet cooling requirements in the 11 states by the year 2000.
"This is almost 5% of the estimated water consumption (including
ground water) of 59.6 million acre-ft for irrigation in 1970 in

these 11 states.4




Power plant cooling 1is the major consumptive requirement'for
water at oboth fossil and nuclear plants. Dry cooling would be a
major benefit in increasing siting flexibility, particularly for
siting in arid Western coal fields. 1In addition, dry cooling
would reduce the impact on local water supplies for muhicipal or

argicultural use.

The use of dry cooling in place of wet (evaporative) cooling will
save over 7000 gpm (approximately 8000 acre-ft/year) for a
1000 #MWe plant.

Dry cooling, however, will never be economically preferable to
wet cooling if water is available. At present, utilities ha&e»
concluded that, in most instances, 1f water can be obtained by
any means (such as buying agriculfural land, thereby obtaining
the accompanying water rights which could then be diverted to
power plant cooling), evaporative cooling should be used in pre--
ference to dry cooling. For example, although all cost and
performance for cooling systems are site-specific, the general
overall situation is that power from plants using evaporative
towers and cooling pohds costs about 3 to 6% more than from
plants using once-through cooling. Power from completely dry-
cooled piants using available technology would cost 10 to 15%
more than when wet towers of current désign are used, and 15 tos

20% more than once-through cooled units.>

However, it is likely that utilities will be restricted by
societal pressure and legislative action from using'fresh Water‘
for'evaporative cooling in water-short regions. EQen in Eastern
and Midwestern regions where water is relatively pleﬁtifui} the
availability of an economical dry or dry/wet cooling .technology
canAmarkedly increase sitihg flexibility by removing proximity tb

a major water source as a primary constraint.



Projections »>f water availability and demand® nave been éoupled"

with projections of requirements for new electric generation
capacity on a regional basis as shown in Fig. 1. Note that a
relatively large portion of the Northeast faces serious water

shortages  in the next decade. This projection indicates that 30-
50 GWe of new capacity will require dry or dry/wet cooling by the

year 2000.




DEVELOPING LIMITS OF WATER AVAILABILITY AND USE
AREAS OF POTENTIAL WATER SHORTAGE

BY 1990 kr-&

Y] POTENTIAL SERIOUS SHORTAGE
BY 1990 NEED FOR DRY COOLING

BASIS: 4.6% ELECTRICAL POWER GROWTH IN WATER SHORT AREA
PROJECTION: 14 - 26 GWg (TOTAL) BY 2000

FIGURE 1



Basis for Ammonia, Dry-Cooling System Research:

From the evaluations of earlier work, reported at the last
US/USSR Symposium in the U.S. in September 1977, it was

concluded that the use of ammonia as a heat transport fluid in a
process which provided augmented cooling offers the best possi-
bility for significant cost reductions in dry/wet cooling
systems. These savings are a result of reduced pumping power in
the transport loop, elimination of the temperature range on the
condenser cooling water in conventional systems, reduction in the
condenser terminal temperature difference, the use of low cost
fabrication techniques in the cooling tower, and the elimination

of the need for freezec protection devices.

Research activities thus far have demonstrated that ammonia dry
and dry/wet systems are feasible concepts. Pilot studies at
Union Carbide, Linde Division (UCC/Linde) are showing that the
performance of the enhanced heat transfer surfaces in the steam
condenser/ammonia reboiler, as well as the overall system
behavior, is essentially as anticipated. Much of the technology
of handling ammonia, while new to the utility inddstry, is well

understood and much used in the chemical process industry.

The performance of a plate-fin heat exchanger operated in the
deluge mode has been studied extensively at Battelle Pacific
Northwest Laboratories (PNL). A determination of the range of
acceptable water quality for this mode of operation is also
currently underway at PNL. Results to date support the feasi-
bility of this mode of coupling an ammonia dry-cooling system to

evaporative cooling for augmented performance.

Economic studies®r197/1l have shown that use of ammonia as an
intermediate heat transfer medium may markedly reduce the cost of
dry cooling in power plants. Other cost evaluations! have indi-
cated that wet augmentation of a dry system is the most likely

initial application of dry cooling for power plant cooling.




If a small amount of water (approximately 1 to 10% of the

annual consumption of a wet cooling system) is available for the
augmentation of dry towér performance on the_hottést_days, cost
reductions of the order of 10-20% on the cost of all-dry systems
can be achieved.

The process flow is outlined in Figure 2 . Exhaust steam from the
last stage of the turbine is condensed in the condenser/reboiler.
Liquid ammonia is boiled as it is pumped through the tubes at a
flow rate set to yield an exit vapor quality less than 100%.
This two-phase mixture is passed through a vapor-liquid separator
from which the vapor is sent to the air-cooled heat exchanger
where is is condensed, while the liquid is combined with the
ammonia cohdenSate'from the dry tower and recycled back through

the condenser/reboiler.

On the basis of the extensive work that has been done to select

the ammonia phase-change process, the projected cost-effective-

ness of the system, and the results of the laboratory studies .to
date, the system selected for demonstration is the 6 MWe size.

At conservatively estimated total evaluated cost savings of
$100/kWe relative to presently available dry cooling technology,
total potential savings to the industry range from Sg to §5
billion by the year 2000. The reasons for these cost savings are
reduced temperature difference, reduced pumping power, and
eliﬁination of freeze—dp protection requirements. Furthermore,

" the siting flexibility may produce cost savings which more than-

offset the greater cost of dry or dry/wet cooling.
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Project History:

The project began in the autumn-of 1974 when the EPRi staff held
discussions with UCC/Linde on the applic¢ability of an ammonia

. transport loop to dry cooling systems. Interest.&aé‘heightened
in dry cooling in January 1975 at the EPRI Advanced Systems‘Task
Force. The Heat Rejection Program Committee identified water
conservation as the highest priority topic in the heat rejection
area. The pfogram was formally begun in February 1975 by the
Advanéed Systems Task Force. Approval was'granted for the first
dry coollng prOJect for initial fea51b111ty studies and an.
economic: ana1y51s.

In the autumn of 1975, coordination meetings were held with DOE
(ERDA) and the EPRI staff. Agreements were made to exchange
data, coordinate projects, and work toward a joint demonstration.
Subsequently, a meeting of an ad-hoc committee of Western
‘utilities was held at EPRI to review results of the EPRI and ERDA
program. This meeting resulted in a confirmation of utility
induétry interest in the ammonia system and established the need
for demonstration at the 5-10 MWe scale. In:addition, the Kern
plant of Pacific Gas and Electric‘Company was identified as a
potential demonstration site. ‘ )

Current Status:

' The project to date has consisted of four_phaSes:

Phase I - Technical‘Evaluétion - Evaluation of existing
operatlng experlence with dry coollng and crltlcal

appralsal of new technology

yhase.Ii. Pilot-Plant-Scale De#elopment - Heat transfer apd

process studies

Phase III Désign Optimization - Development of computer
codes to optimize the design of state-of-the-art
and' advanced systems

Q



Phase IV Conceptual Cesign Studies - An A/E conceptual
' design cost estimate is the basis of the present
oudget pro;ectlona

An éxpahsion of the Advanced Dry Cooling Tower ?roject is
currently in progress. This expansion will include the
design, construction, and operation of a facility to
'demonstrate:the use of ammonia as a heat-transport fluid

in dry and dry/wet cooling systems.

The demonstfation is a logicdl continuation of a state-of-
the-art suf@éy; a technical and economic feasibility study of
an ammonia;vbhaée-change dry-cooling system; pilot tests of
ammonia phase-change cooling system components; economic
optimization of wet, dry, and dry/wet cooling systems; field
test and modeling of a dry/wet cooling tower; and analysis

of dry/wet tower design, optimization and operation.

Parallel efforts at DOE/ERDA have complemented and-confirmed the
results. of EPRI work and led to the same conclusions regarding .
the need for a scaleable-size demonstration and the type of
demonstration required. While both groups have selected: the
ammonia concept as most promising, EPRI's experimental work has
emphaéized an all-dry system and DOE has emphasized.dry/wet
options. Both approaches will be included in thé demonstration.

In order to brlng this technology to a stage where 1t can be
spec1f1ed w1th confidence as a commercially available option, a
demonstratlon of adequate size to permit scaling to prototype
de51gn was con51dered essential. ' The demonstration provides

(1) valldatlon of performance predictions from pilot-scale tests,
(2) assurance, of safe, reliable operation over a period of a few
years, and (3) ev1dence of operability and ma1nta1nab111ty by
utility operatxng personnel. A three-year operational test at

‘the 6 MWe size range was considered necessary to meet these
requirements.

10



The project will be a joint effort by EPRI and DOE. EPRI will be
the major funder and have lead management responsibility for the
design, procurement, and construction phases. DOE will be the
major funder and have lead management responsibilities for the

testing and operatxons phase.

" The objectlves of the Advanced Dry Cool1ng Tower project are to
demonstrate the de51gn, fabrication, construction, and,malnten-
ance of an advanced dry cooling system incorporating{ (1) the
use of evaporating and condensing ammonia in the condenser/tower
transport loop, (2) high performance heat transfer surfaces in
the steam condenser/ammonia reboiler, (3) low cost cooling tower
heat transfer surfaces and fabrication methods suitable for both
all-dry and dry/wet operation.

-The project objectives will be achieved by the design,'construc-
tion, operation, and testing of an ammonia, phase-change cooling
.system at'the Ke:n-Plant. The system WillAdemonstrate the best

available technologies for both dry and dry/wet operation on a '

6 MWe house turbine used for on-site power generation. The
system, Fig. 3, will condense up to 60,000 lb/hr of steam from a

small "house turbine" which is an integral part oflfhe‘bewer
-plant. ' '

The major technical uncertalntles to be resolved by the large-
scale test are the effect of the environment on component relia-
bility and performance, system dynamic response to normal and
emergency utiiity operating transients, and the abllity of the
design and fabrication methods to sucessfully address problems of
safety and pubiic health over several years operation. These
technical uncertainties have been reduced to a minimum~through
extensive analysis, laboratory testing, and economic eptimization
during technical evaluation efforts to date. '

11
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The major technological issues which will be emphasized in the
large-scale test are:

1, Effect of environment on components: The economics of the
system are closely tied to the.peffofmancekof the conden-
eer/reboiler and the dry tower. Extensive fouling of
surfaces in either component would be very detrimental.
Operating experience is the only way that the extent of
foullng which must be allowed for in the design can be _
determined. With respect to -deluge cooling, the extrapola-
tion from accelerated laboratory studies of water chemistry
to.long-term performance with actual site conditions is '
uncertain. | |

2. Component reliability: Aluminum tubing in the conden-

. ser/reboiler is believed to be the material of choice so
long as no leaks occur. Since aluminum cannot withstand
ammonia in the presence of water, the integrity of tube-to-
header joints will be critical. Similarly, the dry tower
surface must be fabricated with a higher degree of relia-
bility than is the case of a conventional water cooler.

3. Process integration:. The dynamic response of the system hae
not been studied in great detail. While it is not expected
. to differ significantly from a conventional dry cooling
system, this must be substantiated by the testing on an
actual turbine system.

. Personnel and public health and safety and other environmental
aspects are also areas of concern. This project will address
‘these concerns in detail, which will help simplify licensing of
future commercial installations.

13 .



The extensive'designwstudiesfendApilot facility work have given
codfidence that these‘problehs have been addressed successfully
on a pilot scale and hence are technically in-hand.
to be shown that a system based on full-size component modules

and run under standard utility operating and maintenance proce¥
dures will be acceptable for scale-up to a commercial-size unit.
Design alternatives are available if process changes are deemed

'neqessary.

This project has three majof‘goalszk

° Design and construction of an ammonia-based cooling

system test facility with the capability of both dry

and dry/wet operation

o 'dpera;ion of the facility and collection of.pefformanee

data for at least three .years

) Performance of a parallel program of supporting

research and developmedt

1. Approve design criteria/authorize
detailed design activity

2. Approve procurement for
design of major components

3. Approve fabrication of major
components .

4, Approve detailed facility design/
authorize construction

5. Accept facility/authorize testing

6.. Review first year test results

The project consists of five phases:

November 1978
February 1979
October 1979

January 1980

April 1981

April 1982

Phase I Feasibility Analysis and Laboratory Studies

Phase II Conceptual Design Studies

Phase III Demonstration Facility De51gn

Phase 1V Demonstratiod Fac111ty Construction

Phase \ Facility Operation and Testing

14
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At present,

follows:

Design

- Complete preliminary design dry tower

Issue RFQ for heat exchangers

Receive quotations for heat exchangers

Complete and approve preliminary design
of test facility

Select manufacturers for heat exchangers

Start detailed design of test facility

Complete and approve detailed de51gn of
test facility

Construction

Award construction contract

Start construction on site

Receive heat exchangers on site
Complete construction of facility"

Operation

Shakedown of experimental facility
Start initial testing
Complete testing program

15

Phases I and II are nearly completed.

' The detailed schedules for Phases II, III, IV and V are as

Date

10/15/78

.11/15/78

02/01/79
07/01/79

07/01/79
07/15/79
01/01/80

. 01/21/80

07/01/80
09/01/80
02/01/81

02/01/81
04/01/81
02/01/84
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ABSTRACT
Northern States. Power:, the-University o¢ Minnesota, and the United States Environ-
mental Protection Agency have jointly conducted a.demonstration project using waste
heat from the condenser discharge of an electric generating plant to heat a 0.2
hectare (1/2 acre) doubly polyethylene greenhouse. The project was started in

1975 and has been tested for three heating seasons.

The first year electric boilers were used to simulate the warm water temperatures
(29.5°C - 85°F), since fhe power plant was still under construction. The second
year the greenhouse heating system was connected to a warm water supply pipeline
directly from the first unit of the power plant. The third year, the second

unit of the power plant was éomp]eted giving the greenhouse 2-unit reliability

for its heating system.

The demonstration of waste heat has been successful, even in the harsh Minnesota
(north central United States) climate. In 1977, two commercial greenhouse
operators have built their own facilities at the site of the power plant and

are taking warm water service from the utility. The first is a 0.47 hectare

(1 acre) rose growing greenhouse. The second is a .096 hectare (0.2 acre) green?

house used for growing vegetables.

The greenhouse heating system consists of centrifugal fan air handlers with fin
tube heat exchangers. The warm air is distributed by flexible polyethylene ducts.
In addition, plant root zones are warmed by a system of 2.54 ten;imeter (1 inch)
rigid polyethylene pipes spaced 0.61 meters (24 inch) on centers and buried .305

meters (i2 inch) below the soil surface.

Crops grown in the greenhouse are roses, snapdragons, potted geraniums, potted
cinerarias, tomatoes, lettuce, green peppers and containerized evergreen seed-

Tings. A1l crops have responded favorably to the warm water heating system.




INTRODUCTION

Northern States Power Company of Minneapclis first began to investigate the
'possib1e use of the heat energy in cooling water from their electric generating
plants in 1970. Following a meeting in December, 1970, convened by NSP to
explore with several state agencies and several Univer§ity of Minnesota units,
NSP and the Agricultural Experiment Station began a partnership to investigate
more completely the possible uses of warm water. At that time NSP plants were
of the "through cooling" t}pe usually with a "cooling pond" and some with
"helper" cooling towers. However, some new plants had been or Were being
planned for closed cycle operating and one, Prairie Island at Red Wing, was

actually under construction.

The University formed two three-man teams comprised of an agricultural engineer,

a hérticu]turist and a soil scientist to study along with others at the -
University, at NSP and elsewhere, the best ways to use the then unused heat -
energy in the cooling water. NSP provided financial support for the study.

It sodn was evident that little use could be made of the warm water from the
"through cooling" generating plants. Discharge water temperatures in winter

when it could be used for heating were approkimate]y 10°C (50°F), or about the
permitted 10°C (18°F) above the ambient temperature of the intake water at 0°C
(32°F). Most heating applications for ené]osed plant production or residence
rgquired temperatures of 15.5°-21.1°C (60° - 70°F). Even use for soil heating
showed little promise because few crops grow well at temperatﬁres of 10°C (50°F)
or 1ower; Frost protection was considered but soon rejected because‘watEr drop]ets
cool to ambient air temperature if they travel 4.6-6.1 meters (15-20 feet) through
the air. The main consideration in frost protection is the release of heat,
334,934 joules per kilogram (144 BTU's/1b.), by the water as it changes state

from liquid to solid, i.e. to ice.
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The review of heating requirements for vqrious;app]icatignsgand,thejprojgction .
that all, 6r'near1y all, future steam cycle generating plants would operate on
a "closed cycle" basis eventually led to the project about which we report now.
C]osedrcyclerdesigﬁs ca]iéd fofrcondenser discharge temperatures of no less than
29.5°C (85°F). If water temperature reductions during delivery from condensers
to the use point could be Timited to 0.5-1.7°C (1°-3°F), then an operating
differential between the source water and the use environment of 5.5°C-11.1°C
(10°-20°F) could be expected. It appeared thaf adequate heat transfer could take
place for heating structures, if equipment were properly sized and operated. With
this encouragement the two study teams began traveling to learn more about

possible applications.

One of the early visits was to the Environmental Research Laboratory at the .
University of Arizona and to their "total energy" pilot study at Puerto Penasco
Mexico. Another team visited the Oak Ridge National Laboratories. Our teams also
visited the commercial greenhouse afea around Cleveland, Environmental Structures
of Cleveland, Wright Roses of Cranbury, New Jersey, Hydroponics of Houston,

- Eugene Water and Electric Board of Eugene, Oregon, Oregon State University,

the Federal Water Quality Laboratory at Corvallis, and TVA at Muscle Shoals,
Alabama, as well as several other places. Following the early visits the various
opportunities were discussed among University personnel and then presented to NSP

and interested state agencies.

After many discussions and deliberations NSP and the UniQersity decided to

. approach EPA abbdt funding a demonstration projéct for greenhouse heating;b A
proposal for a four-year project for a 0.4 hectare (one acre) greenhouse was
submitted to the Corvallis Laboratory for review and suggestions in January,

1973. EPA informed ds that they would be unable to fund it at that time at
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the 5ize ‘and for the length of time wi Lroposed. - It % important-to recognize
that at this time, early 1973, thé ‘energy situation was beginning to surface and
that there was some shift in emphasis underway in EPA from thermal pollution
(the prime emphasis when we -started) to emergy utilization and conservation. It
is our judgment that our project probably would never have been funded under |
the "thermaT po]lutioh" reduction theme. You simpTy cannot profitably construct
‘enougﬁ gréehhouseshear a generating plant, or at least any significant number of
pTants; to reduce "thermal pollution" significantly, especially in the summer when
qohdensér discharge temperatures are highest and no greenhousg heating is re;

quired.

Recbgnizi&g that energy utilization and cbnservation were to become increasingly
important and with additional "closed cycle" generating plants scheduled to
begfn.operation in 1976 and 1977, NSP decided with the UniVerSity's commi tment
Qf'techniéa1 assistance to finance and operate a small pilot project, a‘6.7 meter
(22 feet) by 30.5 meter (100 feet) "hoop" type house covefed With' two layers of
polyethylene. The greenhouse was made available by the Hans Rosacker Floral
Company at their Circle Pines greenhouse range. A 7.3 meter (24 feet) by 9.1
meter (30 feet) building was placed at one end of the greenhouse to house the
heating equipment, the electric water heaters to provide the warm water, the
control panels and the needed instrumentation. A major reason for moving
forward with the pilot project was to assess the adequacy of and the problems

in a cold northern climate of the "flooded pad" method of.heating developed

at the Oak Ridge National Laboratory. ‘We were concerned particu]ér]y about

the high humidity énvironment and the possibility of associéted patho]ogicé]
diseasgs. We é]so were concerned about the iong-term efficiency of such a

system and possible carry-over of potentia] toxicants from the water to the
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plants. Water used in “c]osed cycle" ccoling systems must have additives to
control rust, microbial growth aﬁé éigae. In addition some potential harmful
naturally occurring constituents in the water are concentrated because of the
continuous evaporative process for cooling. We decided that there were so many
potential problems that we also should simultaneously evaluate a conventional air
handler designed for use with hot water from 54.5°C to 76.7°C (130°F to 170°F).
The air handlier was not rated for 29.50°C (85°F) so we had to estimate the per-
formance with the lower temperatufe water. This unit while massive, especially
compared to gas fired air handlers or unit heaters used in greenhouses, performed
SO wé11 we decided to abandon the use of the "flooded pad" system. The Corvallis
office of EPA urged us to consider some sqi] héating based upon favorable information
from observations by the Eugene Water and Electric Board group. As a result

soil heating was also evaluated at the Rosacker range.

Following the successful pilot effort at the Rosacker range, NSP and the
University prepared and submitted a revised proposal to EPA in January, 1975.
This was funded in May, 1975. Construction began in August, 1975; heating

began in November, 1975 and the first crops were planted in January, 1976.

This proposal was for an approximate 0.2 hectare (1/2 acre) area for a period
of two years. That two-year period was comp]etéd in May, 1977. Becauée of
the success and interest in adoption EPA extended the project an additioha]
year through June 30, 1978, but without additional funding. w§ were able to
finance the extension with carry-over funds and funds generated by the pro-

ject.
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DESCRIPTION OF THE PROJECT

Power Plant

The Sherburne County (Sherco) Power Plant, ]ocated 45 miles northwest of
Minneapolis, is a two unit coal-fired operation with a total rated output

of 1,360 megawatts (MW). It has closed-cycle mechanical draft wet coo]iﬁg
towers for thermal pollution control and a Timestone scrubber system for

air pollution control. The first unit which began in commercial operation in
May, 1976 has a condenser cooling water flow rate of'15.77 cubic meters per
second (250,000 gpm) with a design cooling water temperéture differentia],
AT,'of 16.1°C (29°F). 'The winter design minimum temperature of the water at
the condenser outlet is 29.5°C (85°F). This then is thg desién temperature

for the warm water for the greenhouse heating systems.

Greenhouse and Headhouse

The greenhouse selected is an arch roof gutter connected type covered with
double layer polyethylene. Two side walls and one end wall also are double
layer with a fiberglass outside wall and polyethylene inside. It is com-
priéed of 14 bays, each being 5.2 meters (17 feet) wide and 29.3 meters

(96 feet) long. This provides a gross enclosed ground area of 2,123 square
meters (22,848 square feet), or slightly over 0.2 hectare (1/2 acre). The

height from the ground to the gutters is 2.44 meters (8 feet).

The double layer plastic covered greenhouse was selected over'éiass because
of greater resistaﬁce to heat trénsfer and a ‘lower initial capital cost. The
5.2 meter (17 foot) span was selected over lesser spans to provide greater
clear area for mechanical equipment. A clear span inflated house was con-
sidered at one time. However, the cost of the PVC covering for it was es-
calating. 'A1so, considerable equipment and energy were needed just to keep

it operable.



-6 -

The headhouse is a 12.2 meter. (40 ‘feet) by 18.3 meter (60 feet) prefabricated -
steel building with a concrete floor. It is divided into a 12.2 meter (40 feet)
by 10.1 meter (33 feét) production area, a 6.1 meter (20 feet) by 8.2 meter

(27 feet) boiler room, a 3.7 meter (12 feet) by 8.2 meter (27 feet) data
acquisition and control room, and a 2.4 meter (8 feet) by 8.2 meter (27 feet)
area containing two offices and a restroom. The productioh room includes a

small 1.8 meter (6 feet) by 3.1 meter (10 feet) walkin cod]er and an outside
vented chemical storage cabinet. The boiler room houses two 390 kilowatt
boilers, a 10'kilowatt propane fueled standby genefator and the nutrient in-
jection equipment as well as the necessary piping and valves for operating

the heating systems.

Heating Systems

The design criteria wére established based upon the minimum winter condenser

water temperature of 29.5°C (85°F) and the ambient winter conditions for St. Cloud,
Minnesota, which is about 32 kilometers (20 miles) northwest from the greénhouse
location. The minimum outside air desfgn temperature is -34.5°C (-30°F). We

chose 10°C (50°F) as a tolerable, though not fully desirable, inside air temperature.
Based upon these temperature extremes, the calculated design heat loss is 644,756
watts (2,200,000 BTU/hour) or approximately 46,000 watts (157,000 BTU/hour) per-

bay. Obviously, the two end bays have a greater heat loss because they each have

a cold side wall surface area of 71.4 square meters (768 square feet) that -the

other bays do not have.

We decided to use a two component heating system comprised of a forced-air '
system to supply most of the needed heat and a soi]}heating system to provide
some heat, but primarily to provide some crop root zone temperature control.

Twelve of the 14 bays wére equipped with centrifugal fan air handlers powered
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by 2,237 watts (3 hp) electric motors Qesigned togde]iyen”3.3 cubic meters. .
per second (7,000 cfm) at 74.7 pascals (0.3 inches) static (water pressure.) fhe"
air handlers have fin tube heat exchangere estimated to transfer 42,495 watts
(145,000 BTU/hour) from 29.5°C (85°F) entering water to. 10°C (509F) entering>air,.3
The design water flow rate is 0.0018 cubic meters per second (29gpm). The
warm air is distributed the length of the bay through 0.76 meter (3Q-inch diameter)
flexible po1yethy1ehe ducts with holes punched to provide uniform delivery. Two.
bays were equipped with a unit hot water heat exchanger in each end»directed‘td L
discharge afr toward each other. These units have 0.64 meter (27 inch) propeller
fans powered by 746 watts (1Aﬁp) electric motors. The unit heat exchangers were;-
designed for a free air delivery of 3.26 cubic meters per second (6900 cfm).
The heat exchange rate was estimated to be 17,584 watts (60,000 BTU/hour) from -’
29.5°C (85°F) entering water to 10°C (50°F) entering air. These Qnits use

no air distribution ducts.

The soil -heating system is comprised of 2.54 centimeters (1 inch) diameter rigid
polyethylene pipe spaced 0.61 meters (24 inch) on centers and placed 30.5 centimeters
(12 inch) below the soil surface. The polyethylene pipes have a warm water supply
pipe at one end and a cooler water return pipe for set of eight pipes in each béy.
The design water flow rate is approximately 0.000063 cubic meters per second

(1 gpm) per inch. We estimated a design AT of 5.6°C (10°F) from 29.5°C (85°F)

water in the pipe to the surrounding soil in contact with the pipe. The AT

estimate of 5.6°C (10°F) was based upon a 10°C (50°F) soil surface temperature

+

and a desired root zone temperature of 15.6°C (60°F).

The warm water for heating the greenhouse is taken from two cooling tower riser
pipes each about 1,070 meters (3,500 feet) distant (one way) from the greenhouse.

It leaves one of the risers above ground in an insulated 30.5 centimeter (12 1inch)

dia .
‘meter steel pipe which then goes underground and connects to a 3.5 centi-
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-meter (12 inch) diameter lo-head PVC plactic pipe at a nominal depth of 1.52
meters (5 feet) below the soil surface. The water leaves the second cooling
tower through an 18 inch insulated steel pipe then underground into an 18 inﬁh
cast iron pipe that also connects to the 30.5 centimeter (12 inch) PVC pipe.

" The insulated steel pipe leaving the risers of each of the cooling towers also

is ‘heat traced (provided with heating cable) for added protection against
freezing. The PVC pfpe and cast iron pipe are both uninsulated. Because the
soil is very sandy and quite coarse at the 1.52 meter (5 foot) depth} we did not
deem insulation necessary. Water flows through this pipe continuously during

" the heating season at a rate of approximately 0.10 cubic meters per second (1,600
gpm). This is estimated to be enough to heat at least 0.6 hectare (1 1/2 acres)
of similar greenhouse at the design conditions. Warm water is supplied to the
greenhouse heating systems from the main supply line by four 3.728 kilowatt (5hp)
pumps , each capable of*de]iverfng 0.0095 cubfc meters per second (150 gpm).

These pumps operate'in parallel with the numbers of pumps‘operating at one time
,Qetermined by the number of greenhouse bays that require heat at any given time.
The design water flow rate is 0.0256 cubic meters per second (406 gpm) fof the
a}r heating system and 0.0071 cubic meters per second (112gpm) for the soil
heating system or a total of 0.0327 cubic meters per second (518 gpm). As
a;result, the fourth pump operates-on]y_if mprg'than 12 bays require both

air and soil heating at the same time. The coqler water from the greenhouse
return lines is pumped back into the mafn water supply return line where it
returns to the cooling towers and is dié;ﬁarged into the sump. A schematic

drawing of the heating systems and water supply is shown in figure 2.
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Cooling System

The greenhouse cooling system is completely independent of the heating systems.
It is a standard evaporative cooling system comprised of 0.91 meter (36 inch)
high evaporative pads of "Cef Dek" across the entire.end wall of each bay. Water
from a‘nearby well is recirculated so it can run by-gravity over and through

the pads at a rate of'0;0076 cubic meters per second (120 gpm) or 0.00003

cubic meters per second per foot of length. .Air is drawn through the wetted

pads by fourteen 0.9 meter (36 inch) propeller type louvered exhaust fans,

one located in each bay. The.design total cooling airflow rate is 84.5

cubic meters per second (179,000 cfm) or 6.04 cubic meters per second (12,800 cfm)

~ per bay. A schematic drawing of the heating and cooling systems is shown in ,

figure 3. . ’ 3

Centrb] Systems for Heating and Cooling

The control systems.are relatively simpTe, some being manual, yet, at this

time. Temnenature is the only varfab]e under automatic cbntro]. As originally
designed, each bay had two thermostats, one for heating and the other for cooling.
Ear]ien this year,'each of five bays in which roses are being grown'were equipped
with a second thermostat for heafing control. With time clock sWitching, thié'
permits different day and night settings. The greenhouse is divided into two‘:
separate control zones; each consisting of seven bays. A central contro] pane1
permits manual selection of modes of operation, i.e., heating or ccoling, and
further, heating.wéth outside air or with return air. The manua]loperétion
permits some control of relative humfdity'és well as temperature. This permits -
different environments in each half of the greenhouse. This is quite importanf
forVOptimum production of reses. Further, manual control eliminated the need

for automatically controlled outside dampers and associated potential problems.
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of freeze-up in the open position thal could cause damays to heat exchanger coils

-and even loss of crops.

The air héating thermostat(s) in any bay indicates the starting of the primary
water circulation pump(s) and the associated fan(s) in that bay. They also
fnitiate the appropriate opening and closing of the return and outside air
dampers on the centrifugal air haﬁd]ers; Both dampers must be cTosed when the
fans start to prevent rapid inflation damage to the po]yethyTene air distribution
duct. The 501] heating thermostats control the starting of secondary booster
pumps necessary for the soil heating system. The coo]ing system iﬁ each bay is
iﬁdependently controlled by separate thermostats startingland stopping the

gravity lowered exhaust fans.

Emergency Systems

The‘greenhouse is equipped with an advanced warning alarm system which monitors
three parameters critical to the successful operation of the heating systgm.
Project personnel ére alerted by the following conditions: 1) greenhouse air
temberature below 10°C (50°F) (possibly cauéed by mechanical failure of
equipment); 2) by wéter‘sdpp1y temperature below 23.8°C (75°F) caused by the power
plant going out of operation; and/or 3) by loss of electrical power. The
greenhouse is supp]iéd electricity from another source, so two 390 kilowatt
electric hot water boiJefs serve as a standby source of heat. These boi]grs
prbvided the warm water for’heating for the 1975-76 Heating system beforé.fhe
first unit of the power plant was commercially operative. If there is an electric
power outage during‘the heating season, six 102,575 watts (350,000 BTU/hoﬁr) propane-
fired forced air heaters will be put into‘operation. Electricity for their
operation and for lights will be provided by a 10 kilowatt propane-fueled

standby electric generator.
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Crop Production Systems . L

Water and fertilizer for crop production is provided by irrigétion systems. Water
for irrigation comes from a drilled well on the property thét was formerly used for.
field irrigat%on. Plant nutrients in solution are injected in the appropriate
amounts into the irrigation systems. Roses are irrigated using a perimeter system
of rigid bo]yéthy]ene pipe. Emitters covering 180° spray fine droplets of water
containing nutrients uniformly over the soil of the bed. Tomatoes, lettuce,
peppers, snapdragons and freesia are watered with porous paper base tubing

which under about 4 psi pressure provides a trick]e system. The porous tubing

is placed on or just below the soil surface in.the row or between closely

spaced rows. Geraniums and cineraria are watered by a capi]]ary mat which is
wetted with the porous tubing. Forest tree seedlings and woody'ornamentals

are watered.with small spray nozzles. Powér plant cooling water cannot be

used for irrigation because of additives.

Crop supports are important for most of the crops being grown. Roses are

supported by three levels of 20.3 centimeters by 20.3 centimeters (8 inch by

48 inch) welded wire anchored to support posts at each end of the bedé and supported
intermediately at 3 points. Snapdragons were supported in a similar way,.but
using only one level of plastic netting. Tomatoes are supported by strings
attached to the base of each p]ant and supported by steel pipé overhead. Two

rows of tomatoes, which are planted in rows 30.5 centimeters (12 inches) apart Ce
and alternated within the two rows, are supported by one pfpbf the slight |
s]qpe dway from the working aisle which results has proved useful. The peppers
wéré not supported, but should be if grown again because some heavily laden

stems broke.
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Insectfcides And fungicfdéé,»éfAhéédéd; are applied with a pressure sprayer and
long extension hose. Tohatoes are>ho]1inated daily with an e]ectrjc vibrator.
This is essential because air velocities: of the heating and cooling systems are

not adequate for pollination.

A 1.83 meter (6 foot) by 3.05 meter (10 foot) by 2.29 meter (7 foot, 6 inch)

high 3.517 watt (12,000 BTU/hour) walkin cooler was purchased to assist in
maintaining }ose quality, particularly during warm weather. The cooler which

is held at 1.7°C (35°F) permits us to make alternate day deliveries of the
‘roses. Tomatoes and other crops are delivered on the other days. Tomatoes cannot
be held in tHe same cooler With roses because the tomatoes produce ethylene

gas as a by-product of respiration during ripening. This woﬁ]d greatly reduce

the useful 1ife of the roses.

A van with an add-on air conditioner that discharges cooled air into the
cargo area is used for delivering the produce to wholesalers with whom we work -

in the Twin Cities area.

Data Collection

We believed it was absolutely essential to have an automatic data system to
provide a rather complete environmental history, both inside the greenhouse
and outsjde. An automatic system recording on either magnetic tape or
printing on paper tape or both simultaneously scans and records 227 data
transducers at predete;mined intervals, usually one-half hour. The system.is
microprocessor controlled. Data from the magnetic tape is computer processed
in the form of tables and plots to provide time function relationships of en-
vironmental and water supply conditions. _The data also are used to analyze

the overall energy balance of the greenhouse system.
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Temperatures are recorded at ten indiyidua] 1oca§jqnsvjn;eeeh bay of the
greenhouse. Three points are monitored at each of three locations. Two air
temperatures and one soil temperature are recorded. The six air temperatures
within a bay cover the range from top to bottom of the plant canopy. The soil
temperafures are measured at 10.2 centimeters (4 inches), 20.3 centimeters (8 inchee)
and 30?% centimeters (12 inches) below the surface. Dew point and the associated:
ambient temperature are measured at one location in each bay. Total incident
solar radiation is recorded at one location inside the greenhouse and at one
Tocation outside the greenhouse at rooftop elevation. Star pyranometers with
one ﬁour integrators are used. Air and soil temperatures are measured with 24-
page copber constanten thermocouples. Dew point temperatures are measured with
heated 1ithium chloride electrical hygrometers. Water supply and return temp-

eratures are measured with immersion type copper-constantan. thermocouples.

Manual readings are made daily of total greenhouse water flow, soil heating
water flow and electrical power consumption of each type of equipment, i.e.,

circu]ating water pumps, heating fans, and exhaust fans.

OPERATION EXPERIENCE

Greenhouse and Environmental Systems

The greenhouse and the heating systems pekformed wholly satisfactory during the
1975-76 heating season. During this season; the warm water was provided by the
electric boilers. The greenhouse and the heating systems also performed wholly
satisfactory during the 1976-77 heating seasoh, which was the coldest on record
during the last 100 years, and the second coldest ever on record. The performance
of the greenhouse and heating systems is shown in figure 10 for January 9, 1977,
the coldest day during the 1976-77 heating season. The inside air temperature - -

is the average of three measurements at about the 1.52 meter (60 inch) level
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above the.ground. The intake air: temperature was ]4.4FC (58°F) when the outside .. ...

Yooy

..............

air temperature reached its lowest level of -41.4°C (-42.6°F) at 8 a.m. The
supply water temperature from the condenser at the same time was 32.7°C (90.9°F)

and the water AT between heat exchanger supply and return was 2.8°C (5.1°F). °

Surprisingly, we .-found that water from thé condensers was a higher temperature‘
32.2°-37.8°C (90°-100°F), than had been expected during the most severe weather.
The reasons were: 1) when it issevere1yéo1d, NSP electric system demands are

high reqdiring high output from the generator, and 25 when ambient outside
tehperatures drop to -28.§°C (-20°F) to -34.4°C (-30°F), plant operators increase
cdndenser discharge water téhperature to minimize the possibility of ice formation
~in the cooling towers.. Operational data for the plant shows a positiVe correlation
bétﬁeen condenser water temperature and generator output. 'Table 1‘provides infor-
mation relating to'generator output; condenser ‘discharge water temperature,
greenhouse water supply temperature, greenhouse air temperature and outside air

temperature for November 12, 1976.

The greenhouse cooling system was not installed in time to be operative in
1976, but performed well as expected in 1977. We encountered no problems with

it.

" ¢rop Production

Crops were first planted in January, 1976. Five bays were planted to roses,

three varieties of hybrid teas and two of sweethearts. The roses first came

into production in late April, 1976 and with;fheAexﬁeption of one variety produced
well.. That variety has reached sufficient maiurity after about one year; so it

is now producing exceptionally well. Tomatoes are p]anted in eight bays and

peppers in one bay. Both came into production in April and were removed in July.




-5 -

- Both were disappointing: in, terms of yield and also because of local. wholesale.
price Tevels in terms of economic return. These were replaced with lettuce and
snabdragons from August through January. Lettuce shows little promise because
of high Tabor input combared to returns. Snapdragons appear fairly promising

in terms of economic return with limited labor input.

The 1977 season sta}ted in February with seven bays of tomatoes. In most bays,
they are spaced 71.1 centimeters (28 inches) apart compared to about 55.9
centimeters (22 inches) in 1976. However, we also planted some at 61 cent#-
meters (24 inches) and some at 81.2 centimeters (32 inches), so we could mgke
comparisons: They are planted in rows 30.5 centimeters (21 inches) apart and
alternated so they are offset ha]f‘the spacing distance along the row. A 61
centimeter (24 inch) work alley is left betweén each pair of rows. One;bay

has potted geraniums placed on a capillary mat for wafering.{ Between_]ast
season and this, about 1/4 of a bay has been devoted to containerized fokgst

tree seedlings and to WOody ornamentals for nursery liners.

We expected and achieved better tomato:productiOn results durihg 1977 for éevera]
reasons. We had all of our operating equipment on hand and shouid have benefited
from the 1976 experience. In addition, we installed carbon dioxide generators
for use when the greenhouse is closed. High levels of CO» are necessary fon

maximum photosynthesis and crop production. It is well known that CO, is rapidly
depleted in tightly gnc1osed structures. We also had the eVaporative cooling
sysfem operative to moderate short high temperature extremes during thé peak of -

the tomato production season.
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~Unsolved Problems and Desirable Modifications -

The most severe problem to date was deposits in the water supply lines and the
heat exchangers during the 1976-77 season. Performance of the heaf exchangers
was estimated to have reduced to the 50 percent level. Following cleaning
with acid and chlorination, the performance was returned to 80-90 percent of

the design level.

Flow in the 30.5 centimeter (12-inch) water supply line from the cooling towers
dropped from 1600 gpm at initial start up to 0.0631 cubic meters per second
(1000 gpm). The lines were cleaned during 1976-77 and the performance restored.
They were thoroughly flushed during the summer and chlorination devices placed

in the line at each tower. This appears to have solved the problem completely.

Some problems were encountered in providing adequate planfvnutrients. There
appears to be some leaching in the sandy soil. There also is an indication
that fertilizer recommendations were too low considering the very rapid growth
that takes place. The soil should be carefully selected or modified for future

installations or hydroponic systems considered.

The structure probably should have a 3 meter (10 foot) sidewall for roses. A3
meter (10 foot) height could be a problem for tomatoes, if the tomatoes were
allowed to grow that high because the upper clusters of fruit would have to be
picked from a ladder. A possible solution is to lower the plants after Tower
clusters are completely picked. Ideally, cross supbbrts for the pipes supportjng
the tomatoes should be incorporated into the greenhouse design. The soil heating
system probably should be lowered to at least 45.7 centimeters (18 dinches) |
below the surface to minimize potential damage by tillage equipment. Also the

main supply and return lines should be increased in size.
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Large acreages of greenhouses may reéquire some redesign of the warm water return
line to the cooling towers, because the greennhouse use does not cool the water
sufficient]y; Also,. it would be desirable to have underground electrical service
directly from the distribution center to further reduce the possibility of

electrical service interruption.

ECONOMICS OF WARM WATER HEATING

Obviously, the extent of the advantages of using warm water for greenhouse heating.
depends upon the cost of other fuels. However, natural gas can be ruled out
because it can be obtained for new installations only on an interruptible basis.
Warm watér heating requires larger size equipment than for hot water or steam.
The larger equipment also usually costs more to operate. The estimated cost of
heat for the demonstration project is $1.35 per 1.055 x 109 watt-seconds (million
BTU's). Comparable costs for fuel 0il and electricity are $3.20 and $5.55,
respectively. Warm water thus represents a saving of $1.85 per 1.055 x 109
watt-seconds (million BTU's) over fuel oil. Based-on an estimated.19.20 x 1012
watt-seconds per hectare-year (7,400,000,000 BTU's per acre-year), the savings
would be $33,850 per hectare ($13,700 per écre) annually based upon present
>costs.A We estimate that the warm water system would use about $13,590 per hectére
($5,509 per acre) additional electricity annually leaving a net annual savings

of $20,260 per hectare ($8}200 per acre). This saving would have to pay for

the added investment in a warm water heating system.

ADOPTION
Commercial groups expressed interest from the beginning. A Tocal floral company
constructed a 0.4 hectare (1 acre) double plastic house with 3 meter (10 feet)

sidewalls during the summer of 1977. They plan on increasing the area under
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cover to 1.2 hectares (3 acres) in the nexf few years. This structure is devoted
entirely to f]ora]fcréps grown in thé soil. Another local company has built two
7.9 meter (26 feet) by 39.6 meter (130 feet) hoop type houses. They are growing
vegetable crops using a "nutrient film" (hydroponics)system. Other commercial
greenhouse operatoré are seriously discussing locating at the generating plant

site. NSP is moving forward to provide warm water within the next 1-2 years to

an area suitable for approximately 5.67 hectares (14 acres) of greenhouses.

CONCLUSIONS
Greenhouses can be heated satsifactorily and economically with warm water. The
techno1pgy is available for immediate use, although improvements in design and
methods of operation should evolve.  If the demand develops, NSP could provide
land and warm water for as much as 40.5 hectares (100 or more acres) of green-

houses at the Becker location.

ACKNOWLEDGEMENTS

The authors wish to express their appreciation to the following University of
Minnesota faculty members for their assistance with the project: 1) Agricultural
Engineering - Kenneth A. Jordan, Evan R. AT]red and Frank Lang; 2) Horticultural
Science and Landscape Architecture - Richard E. Widmer, Paul E. Read, David W.
Davis and Harold F. Wilkins; 3) Soil Science - James B. Swan, Donald Baker,
George R. Blake, William Fenster, Curtis Klint, Janis Grava and Charles Simpkins;
Plant Pathology - James Groth, Francis Pf]eger, Elwin Stewart and Sager Krupa;

and Forest Resources - Alvin Alm.




‘.
1y

-9 -

We also express our appreciation to the following project personnel: Theodore
R. C. Tonkinson, p?Oject horticulturist, Ronald Svehla - rose grower, Patricia
Adamson -- vegetable and floral plant grower, and to our several part time grower

assistants from the Becker, Minnesota community.

We also afe grateful to the following EPA personnel who worked closely with us:

Alden Christianson, Frank Rainwater, James Chasse and Theodore Brna.



\ | -20-
REFERENCES -

Beall, S. E. Agricultural and Urban Uses of Low-Temperature Heat. Paper
presented at the Conference on Beneficial Uses of Thermal Discharges.
Department of Environmental Conservation, State of New York, Albany, New York.
September 16-18, 1970.

Beall, S. E. Conceptual Design of a Food-Production Complex Heated by
Warm Waste Water. Paper presented at the meeting of the American Society
of Agronomy, New York, New York. August 19, 1971.

Beall, S. E. Uses of Waste Heat. Oak Ridge National Laboratory Review.
Spring 1970. '

Berry, James W. and Miller, Herman H., Jr. A Demonstration of Thermal
Water Utilization in Agriculture. Environmental Protection Technology
Series EPA/660/2-74-011. April 1974.

Boersma, L. et al. A Systems Analysis of the Economic Utilization of
Warm Water Discharge from Power Generating Stations. Bulletin No. 48,
Engineering Experiment Station, Oregon State University, Corvallis,
Oregon. November 1974. ,

Electric.Power Council on the Environment. Waste Heat Utilization.
Cont-711031. Proceedings of the National Conference, Gatlinburg,
Tennessee. -October 27-29, 1971.

Kendrick, J. H. and Havens, J. A. Heat Budget of A Subsurface Water Pipe
Soil Warming System. Water Resources Research Center, University of
Arkansas, Fayetteville, Arkansas. 197I.

Pennsylvania State University. An Agro-Power-Waste Water Complex for
Land Disposal of Waste Heat and Waste Water. Research Publication No. 86.
Institute for Research on Land and Water Resources, Pennsylvania State
University, University Park, Pennsylvania. June 1974,

Oregon State University. -Future Developmens in Waste Heat Utilization.
Report of Workshop held December 16-17, 1974 and sponsored by Energy-Related
‘General Research Office, Research Directorate, National Science Foundation.
Circular No. 49, Engineering Experiment Station, Oregon State University,
Corvallis, Oregon. August 1975. ‘

Shapiro, H. N. and Moran, M. J. Agricultural Utilization of Unused Thermal
Energy from Electric Power Generation: Phase One - Technical Feasibility.
A Progress Report. Ohio State University Research and Development Center,
Wooster, Ohio. 1974. ) . '

Skaggs, R. W., Sanders, D. C., and Willey, C. R. An Evaluation of the Use
of Waste Heat for Soil Warm in the Southeast. Report No. 103, Water Resources
Research Institute of the University of North Carolina. March 1975.

Yarosh, M. M. et al. Agricultural and Aquacultural Uses of Waste Heat.
ORNL-4797. 0ak Ridge National Laboratory, Oak Ridge, Tennessee. July 1972,



Figure 1. Northern States Power Co. 1380 Megawatt Coal Fired Generating
Plant at Becker, Minnesota with Warm Watei Heated Greenncuse
in the Foreground.

)

AIRFLOW
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“Figure 2. Schematic Diagram of the Flow of Water in the Generating Plant
and to, through and from Warm Water Greenhouse Heating Systems
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HEATING AND COOLING SYSTEM SCHEMATIC
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Figure 3. Schematic Diagram of Heating and Cooling Systems in the Warm
Water Greenhouse.

Figure 4. Ceiling Located Air Handler - Warm Water Heat Exchanger
' Used for the Primary Source of Heat in 12 of 14 Bays



Figure 5. Modine Warm Water Heat Exchanger Located in the Ceiling of
Each End of Two Bays to Serve as the Primary Source of Heat.

figure 6. Soil Heating System Comprised of One Inch Rigid Polyethylene
Pipe Spaced Two Feet Apart Placed Twelve Inches Below the Soil
Surface.




Figure 7. Roses in Early Stages of Growth. Note Welded Wire Support
System. Also Note Exhaust Fans in Ends of Bays That Draw
Air Through the Evaporative Pads for Cooling. Also Visible
(Barely) in the Foreground Aisle is the Rigid Polyethylene
Pipe Forming the Perimeter lrrigation System.

Figure 6. Potted Geraniums on a Capillary Mat for Watering. Note Air
Handler and Plastic Distribution Duct for Warm Air. Also
Note Pipe and String Support System for Tomatoes in Adjacent
Bay.



Figure 9.

= .

Irrigation System Used for Tomatoes Comprised of Rigid
Polyethylene Distribution Pipe and Flexible Porous 'Via
Flow'" Delivery Tube Placed Just Below the Soil Surface.
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Hatchery Culture of Molluscs in Conjunction with
the Waste Thermal Effluent of a Power Plant

Stephen P. Henderson, President
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International Shellfish Enterprises
Moss Landing, California, U.S.A.

Abstract

'Although a good deal of popuiar aﬁtention has been
given to the application ef pouwer plant thermal aquaculture,
few attempts have in fact been made, and fewer commercial
applications have been attempted. International Shellfish
Enterprises evaluated the use of power plant thermal
effluent for the culture of bivalve shellfish from 1970 to
1976 at a:fossil fueled power planﬁAat Moss Landing, along
the California coast. The power plant draws sea water
for steam condensation from a harbor, heats'the sea water
an average of 14 degrees centigrade, and dischafges the
water 800 feet offshore thréugh two point'discharges into
the waters of Monterey Bay in the Paci fic Oceén.‘ :

Initial attempts to utilize this water were evaluations
of growth response by a number of oysters, clams, scallop,
and abalone ranging in size from 2 mm to 30 mm. Growth
résponse-was encouraging enough to explore further use in
~hatchery work. The power plant effluent water waé used

(Prepared for the 1978 Joint U.S.-U.S.S.R. Exchange
Seminar on Thermal Heat Rejection Syatems)
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for brood stock conditioning, larval culture, and seed

cultnre with variable results. Problems encountered with
use of this water related to large populations of bacteria
which were pathogeriic to the shellfish cultures, chemical
contaminants in the form of high ammonia fractions in
the power plant source waters and.hbmine'fesidnals
resulting from the power plant biocide applications. Attempts
to de-toxify this water with biological filtration and
'sterilization were useful but not deemed economically
feesible; In early 1976, attempts to utilize thie power
plant effluent were curtailed. |

Presently, anlattempt‘to use this effluent water in a

plastic heat exchangef shows promise to extract useful

heat for culture operations.

Introduction

With the prospects for U.S. electrical power demands
doubling in the next decade, increasing concern about the
ecological effects of thermal effluent has resulted in
increased regulatory legislation to controi_thermdl effluents,
and nropesals to accomodate or alleﬁiate the problems of
thermal effluent through engineering modifications and
propoeed multiple use of the effluent. Proposals to utilize
thermal'effluents from power plants have included urban
residentialvheating; agriculture, and aquaculture. The use
of power plant thermal effluent for aquacuiture has probably

received the major public attention in the last decade,




with proponents claiming that the culture of aquatic plants
and animals 1n this warm water could reduce production
costs and the time required to rear the products to
marketable size. In addition,'eren though it may be .
unfeasible to claimothat aquaculture use of thermal
effluent may reduce the final dlscharge temperatures to
comply with present regulations, the possibility does
exist to slightly reduce the discharge waters through
aquaculture use, and aquaculture may be considered a
positive means of compensation for the adverse effects
of -the power plant effluent water.

In marine water based power .plant effluent utilization,
only a few attempts have been made to utilize this water.
Most of these efforts have been industrial and unirersity
sponsored experimental efforts. Commercial applications
‘have been limited, with the most successful attempt by
'the Long Island Oyster,Company which ralses hatchery grown'
oysters and clams in a power plant effluent lagoon in
New York.

International Shellfish Enterprises evaluated the use
of thermal effluent for aquaculture from l970 through 1976
as part of its efforts in establishing a shellfish hatchery
and growing operation in California. lt is not the intention
of this paper to present the'&ears of data collected during
these evaluations, but to describe the principal problems
encountered in applying thermal power plant‘discharge waters

to a commercial aquaculture operation.



These problems have been grouped in two general
areas: those concerned with the effects of the power
plant operation itself, and those problems assoc¢iated
withAthe source waters used by the power plant for its

cooling operations.

Baqu;ound

International.Shellfish Enterpriées was established
in eafly 1970 as a commercial mariculture venture with
the intention of establishing a fully integrated shellfish
operation; controlling hatching, larval, and early Jjuvenile
growth stages, and finally the growth of several species
.of shellfiéh to marketable size. The éompany has progressed
from a start-up.phase of testing from 1970 through 1973,
through a commercial faciiities construction phase from
1973 through 1975, toAavfully funétional commercial operation
which has operated since 1975. The company today operates
a 6,000 square foot shellfish hatchery producing several million
2-3 mm oyster and clam seed_pef month, an extensive shellfish
nurSeiy operation in a nearby estuary where several million
shellfish seed per month are reared from the hatchery size
to 25-40 mm; and a developing shellfish growing operation
in the same estuary where the nursery broducts will be
grown to markefable size. The company presently sells its
nursery shellfish seed to shellfish farmers throughout the
world. }

'Appiication of thermal effluent has been restricted
to trials at the I.S.E; hatéhery facility, shown in Figures

1l and 2, at its present location adjacent to the Moss Landing
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Harbor.

Pacific Gas and Electric Company operates a fossil
fueled electric generating facility at Moss Landing
with a gross generating capacity of 2110 megawatts,
making 1t one of the largest such plants in the world.

The power plant circulates l,OOO{OOO gallons per

minute (63.1 m3/sec) of sea water drawn from a harbor,

passes this_water throﬁgh titanium steam condénser

tubes, and discharges.the effluent 800 feet offshore ‘ . ‘
1ﬁto the Pacific Ocean. Plastic pipes from the I,S.E,

hatchery connect into this.discharge pipeline and can

draw up to 250 gallons per minute of the thermal effluent

for hatchery use. ‘

Evaluation trialé in utilizing this thermal effluent
for shellfish culture included rearing oyster and clam
,larQae from fertilization to metamorphosis in 1000 liter
. culture éontainers, rearing recently metamorphosed oyster
seed to sizés of 1-2 ﬁm, dnd rearing 25-60mm oysters to.
adult sizes of 70-100 mm. Water for these trials was
passed through high rate sand filters, and in the larval
culture trials fufther filtered with polyethylene 1 micron
tube filters, and finally exposed to ultraviolet light
stefilization. Without presenting a detailed accouﬁt of
these culture trials, the‘principai problems in dealing,
with the power plant effluent will be presented below.




Power Plant 0perationa;»3rob1ems;

The'principle problems in applying therma; effluent
to aquaculture practices related to the operational charact-
eristics of the power plant itself. These problems were
power piant effluent temperature cycling, screening system

wastes, and biocidal activities.

E]

Temperature cycling. When the'p0wer plant effluent was

utilized in culture trials, especially with Juvenile and

- adult sheilfi§h, using continually flowing water to the
shellfish, temperature cycling of the puwer piant generating
units became a major problem. '

Although sea waﬁér intake temperatufes for the cooling
system were reiatively stable throughout the year, seasonal
and -even diurnal discharge temperature changes were at tiﬁes_
extreme. Sea water intake temperatures averaged
12°% during the winter; with temperatures averaging 15°C
during the summer months, with‘ave;agé temperature increaég
of 10°C after the water passed through thé condensers. .
However, with daily variations in consumer demand for
electricity 1hicalifornia, generating units would be
started or stoppéd in short periods of time, and with
little advance warning, the discharge temperatures would
vary as much as 8°c. _

In addition, six times dufing the period from 1970 to
1976 periodic shutdown of all the generating unitS for severél

week periods would leave only ambient temperature water

circulating through the discharge pipelines.




Although theése.‘temperature variations had little
effect on static cultﬁres of shellfish, since the water
could be monitored and tempered if necessary, flowing water
cultures of shellfish at times exhibited large mortalities
from gas bubble disease. This syndrome occurs when abrupt
water temperature changes causes gas emolism in the cultured
shellfish, a result of varying dissolution rates of oxygen
and nitrogen with temperature change. |

Although abrupt changes of temperature can be monitored
and mixing val?es can be usedvto temper the water temperature,
Lhié hardwaré does not generally exist bqilt of materials
compatable with sea water of shellfish culture needs., Plastic
modulating valves hust be custom manﬁfactured for this purpose,
and for high flow rate use, the cost of this hardware becomes

extremely high.

Séreening system wastes. The-PacificAGas and Electric Co.
power plant at Moss Landing utilizes a series of travelling
screens to exclude large marine organisms from plugging thev
condenser tubes. Thgse travelling screens operate on a fime
schedule, but occassionally turn on unexpectantly when pressure
differential sensors before énd after the screen activate
tﬂe system. When these organisms are washed frbm the
travelling screens; they are washed into the discharge
pipelines. A typicai screen washing will include upwards

of 400 kilograms of fish, jellyfish, and crustaceans. On
those occassions when I.S.E. was pumping thermal discharge
water into the hatchery and the screening operations were in

brocess, large amounts of these organisms were pumped into the
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hatchery. In addition, these ofganisms‘contributed extremely
high levels of organics to the discharge‘waters.

The net result of these screening activities was the
availability of organics in the sea water which provided

nutrients for bacterial growth in the shellfish cultures.

Biocidal activities. Chlorine is injected intermittently

into the cooling water flow of the Moss Landihg power plant to
control slime-causing bacteria and algae. Chlorination 1s
conducted once per day, with 1.0 mg Clg/l injected for
15 minutes at the entry to the condenser tubes. Chlorine
residuals at the I.S.E. hatchery access to the discharge
lines have begen measured at .22 mg C12/l, the oxidant
remaining largely bromine residual. Studies at I.S.E.
on chlorine and bromine residuals_indicate that chronic
toxicity to oyster larvae occurs ablve .1 mg Cla/l.

As a result of these studies, discharge pipeline pumping
activities into the I.S.E. hatchery were curtailed during

power plant biocidal application.

Circulating Water Source Related Problems

Several problems in dealing with the power plant'
~discharge water were found to be related to the quality
of the water at the circulating water intaké.location.
These problems were high levels of pathogenic bacteria and

toxic levels of ammonia.

Bacterial problems. During the numerous attempts to

utilize the poWer plant effluent water for shellfish larval
- culture, consistent mortalities in the lafvae prevailed.

Culture comparisons of this water with an alternate source
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drawn form the opéen ocean:indicated that very high levels
of:pathogenic bacteria were present in the power plant
effluent watér. These bacteria werc characterized as

Vibrio sp., especially V. parahemaelyticus, V. alginolyticus,

and V. anguillarium, and Aeromona.s sp. These bacteria are

well known as pathogenic to oyster larvae.

Toxic ammonia levels. Chemical analysis of the power plant

effluent showed it to be at times extremely .high in ammonia,
and coupled with a normal high pH in the surrounding waters
of 8.3—8.6,A1igh levels of Loxlc ammonia gas were found. .Leéels
of ammonia of 10-40 ug-at/l were usually found, with
occasional levels of 100 ug-at/l found at low tide periods.
At the high pH levels for the surrounding waters, this
results in un-ionized ammonia fractions ranging from 3 to
14 ug-at/l. Bioassay at the I.S.E. hatchery of the toxcity
of un-ionized ammonia to oyster larvde have shown that levels
of over 1.5 ug-at/l of ammonia are lethal to the larvae
if exposure exceeds 24 hours.

In an attempt to eliminate ammonia levels from the
powerAplant dischargeiwater, a flow-thfough biolbgicall
filter was utilized. The'filter_utilized dolomite grapulés
as thé biological substrate. Although combinations of
biological filtration and intense aeration reduced ammonia
levels by a factor of ten, and lowered pH levels to 7.8-8;0,
these methods were too costly for the high flow rates required

for shellfish culture.



These brief descripfiéﬁs of bacterial 'and ammonia

contamination are presented as problems related to the
powerxplant wource water, as'these contaminants were
present in the harbor water and not as a result of any

power plant activity.

In mid-1976 I.S.E. curtailed further use of the
power plant discharge water for hatchery operations,
resorting to use of open ocean water sources. The problems
in dealing-with frequent temperature changes, biocidal
treatment schedules, bacterial, and ammonia contamination
preéented greater problems than the benefits of using
the power plant effluent could offer.

| Recently, I.S.E. has renewed efforts at using the
power plant effluent in the hatchery operation. An effort
is presently underway to extract heat from the effluent to
supplement the present heating of open ocean seawater.
Before sea water is pumped through a carbon heat exchanger
for use in the hatchery, if passes through several plastic
tube solar heating modules situated in tanks of circulating
power plant effluent water. It is anticipated that by
using this supplemental heat source, savings will be
realized in operating the boiler-fired sea water heat
~exchanger, and at the same will avoid the inconsisﬁencies
~experienced in uée of the effluent water.

It has been the-purpose of this paper to present some
of the engineerihg and biological observations from several
“years of attempting to utilize a powe} plant effluent for

aquaculturgf’ Many of the problems encountered in trying
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t§ harness this;energy soﬁrce stem from the nature of power
plant siting. Most power plants, and certainly most of those
under construction now are necessarily sited in coastal areas
which are already heavily industrialized, in an gffort by
current legislative diréction to‘reduce impact on
ecologically stable areas of ‘our coastlines. This factor

"will tend to preclude the direct use of power plant for

very critical aquaculture use because of severe water
quality limitations in such geographic areas. Although
oyster larvae are extremely sensitive to water quality
vagaries, many of the varying operating parameters described
in attempting to use the Moss Landing power plant

effiuent are extreme enough to preclude culture of less
sensitive aquaculture candidates, sucha salmon or

lobster.

While it is safe to assume that mot aquéculture
candidate specieé will reach market size faster in warmer
water températures, their direct culture in power plant
effluent is very limiting for commerciai success, due to
-tre necessity in any commercial-venture to have predictability
in stock production. In a power plant effluent having these
vagaries, it would be necessary for the mariéulturist to
design facilities with adequate back up water heating capa-
cities, a very costly enterprise. It would seem a more
ecpnomic and- a sounder management approach to take indirect
advantage of the heat energy from a power plant efflqent

to suppliement existing heating facilities.
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INTRODUCTION ;

The potential water problems associated with cooling thermal power
plahts in the United States were outlined in a paper "Water Requirements
in the United States and Need for Dry and Dry/Wet Coo1ing"'by'w. F. Savage
and G. Englesson which was presented at the meeting of the Joint US-USSR
Coordinating Committee on Scientific and Technical Coordination in.the
Field of Thermal Power Plant Heat Rejection Systems in the Soviet Union in
February 1977. As noted in the paper, based upon the_assumption that limita-
tions of surface water could be used as a basis for predicting the need for
dry cooling, it.was projected that a significant number of néw power plants
.by the year 2000 would require dry or dry/wet cooling. The majority of these
facilities will be required in the arid Southwestern. part of the United States
where competition‘OQer water has existed for many years. Severe-to-major.
problems aré projected for the Lower Colorado and California regions, with
major to moderate problems projected for the Great Basin, Upper Colorado, Rio
Grande, Texas Gulf, Missouri and Middle Atlantic Regions. These areas are
shown in Figure 1.

" To better-underStand the water prob]ems that exist in the United States,
it must be recognized that considerable competition exists bver the available
‘water resource.  Furthermore water laws in the United States are very complex

particularly in the West where the appropriate rights doctrine allows water

to be bodght and sold. - As a means of assimilating the immense data base which
exists on water resources characteristics and availability, a computerized
system has been developed. Thelsystem was designed primarily to assist the
individual engaged in siting fherma] power plants, however, the utility of

the system is much more general. Characteristic type data on both surface



water and ground water §ources are included in the system. The data
are ‘organized around the use of an eight digit water resohrcé cafa]ogind
unit. Similar to state$ and counties, a water resource cataloging unit
represents a spécific'surface area within the United Statgs.' Howevér, in
the case of the water resource cataloging unit the érea represents a natural
hydrologic drainage basin. By usiﬁg.the water resources cataloging unit,
the surface of the'United States is sub;divided into more than 2000 afeas.
The water resource cataloging unit is used to index all water resources and
~power plant data contained in the information retrieval system. Furthermore,
the water resource cataloging unit is used.as an indexing scheme for corre-
lating water demand. |

To model the demand for'water within the thermal power plant sector
of the U. S. economy, a simple input/outpﬁt technique using normalized data
on fo?ecasted electrical energy growih is employed. The demand coefficients

are multiplied by consumptive use or évaporative loss coefficients to obtain

MWe

én effective consumptive use factor for each subregion, i.e., (MWe)(hWh)(%fs)
MWt

where MWe electrical megawatts, MWt = thermal megawatts, and

cfs cubic feet per second.

DATA BANK

The water resources element of the information system contains basically
four types of data: data onAthe water resource cataloging unit, surface
water data, éround water data, and data on oceans and bays. Table 1 provides
a summary of the water data incorporated into the system. For each of the
‘more than 2000 Water Resource Cataloging Units data on;'surfacé
area, the dominant state and county wifhin which the cataloging
unit is found, the current population, runoff characteristics, and

comments on water. rights are included. Data on annual runoff is




provided since it is sometimes assumed to be a theoretical upper limit of
surface water supply. Comments on water rights are not presently included

in the system but will be added over the next couple of years. The intent

of this feature is to provide a description of the overall status or a110cation;
if appropriate, for water in each water resource cataloging unit.

In each of the water resource cataloging units, as many as four surface
water resources can be defined. Surface water sources consist of rivers,
lakes, and reservoirs. Types of déta stored on rivers are; mean monthly
flow, mean monthly low flow data (ife., 1 in 10 and 1 in 20 year occurrenées),
and water quality parametérs consisting of temperature and total dissolved
solids. The primary source for the flow data is the U. S. Geological Survey.
This agency has collected flow data ffom virtually tens of thousandsléf gaging
stations throughout the United States for numerous years. The-1 in 10 and
11in 20 mean mopfh]y low flow condition are derived from mean monthly flow data
using statistical modelé. Statistical models which assume Gamma, Beta, and
Log Normal distribution were used fof the purpose of estab]fshing the 1 in 10
and 1 in 20 Tow probability conditiohs. |

o For lakes and reservoirs, data on surface area, vo]umg, temperature,

and total dissolved solids is provided. The sources of the data are reports
published by various staté and federal agencies in the United States. Data
~on oceans and bays is limited to one source per water resource cataloging
unit. Only data on salinity and temperature are provided. |

| An extensive effort has been placed upon coTlecting and organizing
ground water data. Ground water is used extensively in some parts of the United
States. At the present time grouﬁd water is withdrawn at a rate of 80 billion
ga]]ons/day. Twenty—ffve percent of the total withdrawal is in the state of

California.




The major problems associated with defining the ground water potential

are due to: 1) the heterogeneous nature of ground water supplies, and 2)
identifying the existence and/or boundaries for each aquifer. Similar to
surface water sdurces, a maximum of four ground water sources can be entered
for each water resource cataloging unit. To date the primary emphasis has
been directed towards first defining, and second obtaining data on high yield
aquifers. High yield aquifers are defined as those aquifers capable of
yielding in excess of 500 gallons/minute (1.8% cubic meters/minute). As
presently planned in addition to yield, data on depth, thickness, total
dissolved so]ids, temperature, specific capacity and comments on water rights
will be included in the information system. The primary source for ground
water data is the U. S. Geological Survey WATSTORE ground water site Inventory
File. In thevground water site inventory File are data for more than 600,000
wells located in the United States.

In addition to minimum yie]d,.other criteria which have been used for
purposes of screening candidate aquifers are; a maximum aquifer depth of
1000 feet, a minimum specific capacity of 25 gallons pér foot (.3 cubic
meters per meter) of draw down, and a water quality constraint which limits
the‘total dissolved solids to 5000 parts per million.

Data on hydroelectric and thermal power plants with a capacity rating
of 100 MWe or more are included in the information system. Table 2 summar-
jzed the data included in the system. Three basic types of power plant data
are‘inc1uded; general plant information, power plant cooling information,
and operational data. For purposesAof’cohparison it is worthwhile to noté
that in 1975 water withdrawals for steam-electric power plants were 90 billion

gallons per day (3.79 million cubic meters per day) representing ninety-four




percent of all withdrawals for energy production in the United States and
twenty-six percent of the total fresh water withdrawa]é. With the trend
towards off-stream cooling (e.g, use of cooling towers), the total with-
drawal of surface waters for purposes of cooling thermal powef plants are
forecasted to decrease in the years ahead. However, consumptive use through
blowdown ;nd evaporation are forecasted to increase.

General plant data included in the system consists of plant name,
utility name, plant location, plant type and overall rated capacity. The
location of the plant is referenced with respect to; city, cbunty; state; A
water resources cataloging unit, and latitude and 1ongitude: Additional
information on the specific Federal Energy Regulatory Commission deer supply
area and regfon served as well as the year of commercial start up'éreiinc1ude8;

Of particular importance is the inclusion of data on the tybe of condenser
cooling system. In the United States thermal power plants are cooled through
the use of once through cooling, cooling ponds, and cooling towers. Cooling
system characteristiés such as withdrawal rate, consumption blowdown, and
discharge rate are contained. The source of the cooling water is“also included
in the information system.

Yearly power plant operétiona] data such as total generation,: heat
rate, and capacity factor are also included. The source for nearly all data
.on power plant design and operation are obtained through pub]ication pro-
vided by Federal Energy Regulatory Commission, and the Edison Electric In-
stitute. Trade journals sﬁch as "Power Engineering", and "Electrical World"
are also used periodically.

The data on power plants and water resources are organized into a

‘hierarchical structure for purposes of retrieval using a generalized




commercially available sysfem. The hierarchical structure for the data
base is shown in Figure 2. The information system can be operated on a
batch of on-line intetactive mode. The information system is pregent1y”
operational on a Univac 1110 computer. |

DEMAND FORECASTING

Recoghizing that a continuing need exists for updating projgct?ons
on power growth, a predictive model has been developed for use in conjunc-
', tion with the information system. As indic&ted in the introduction, supply
and demand modules were developed using basic input-output techniques.

To begin with, information on existing and projected power growth and
transmission :facilities were synthesized into a number of power genération
areas. Figure 3 s@ows the 230 power generation areas which were developed
using this procedure. Normalized power growth coefficients, i.e.,

230

Mwei MWei

i=

were developed for each of the power generation areas based upon forecasted
economic and agricultura] growth characteristics prepared by research
economists in the United States. The 230 power generation areas were next
correlated with the Water Resources'Cataloging Unit indexing scheme by |
overlaying the power generation areas on a mab of the United States showing
the Water Resource Subbasins (WRSB). The 204 Water Reéources Subbasins

in the contiguous United States are shown in Figure 4. For purposes of
forecaﬁting electrical energy demand and growth patterns it was assumed
that disaggregation or sub-division to the level of water resources sub-
basins gave a sufficient level of detail. For purposes of comparison, each

water resources sub-basin contains on the average 10 cataloging units.




Using this approach, the total demand for electricity is inputted to the
predictive model and the model is used to estimate the specific water demand
in each water resource subbasin. Comparison can then be made regarding the
_ wéter supply and demand for water or a éubbasin, which can be extrapolated
into water resource cataloging units.
FUTURE WORK
.The information system is operétiona] and numerous inquiries for data

have been received. Additional work is required iﬁ reviewing and acquiring

data on ground water and water rights. To date the potentially high yield
| aquifers have been defined and preliminary‘data.on existing test wells for
each caﬁdidate aquifer has been obtained. Pump test data for the various
wells will be collected and entered into the information system.

Addftiona] development of the predictive capability are planned. A
future model will relate supply and demand through the use of specific end
use coefficients for each primary use of electrical energy: industrial,
residentiaﬁ, and commercial. Models for each.of the end uses will be
devefoped using standard economic éctivity factors and population as the
primary independent variables. A demand model will be formulated for each
Water Resource Subbasin. The demand for electrical energy in each Water
Resource Subbasin can then be evaluated as a function of time using economic
activity factors and population as the primary indebendent variables. The
electrical demand can then be compared with the proposed supply and water
availability thus defining where advanced power plant cooling methds need

to be used.
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FIGURE 1: POTENTIAL FOR WATER SHOR'fAGES IN WATER RESOURCE REGIONS
OF THE UNITED STATES. (YEAR 2000 FORECAST) ' -




WATER RESOURCES CATALOGING UNIT DATA

WATER RESOURCES POWER PLANT
DATA DATA

FIGURE 2: HIERARCHICAL STRUCTURE FOR THE THERMAL POWER PLANT WATER
USE INFORMATION SYSTEM



FIGURE 3: POWER GENERATION AREAS IN THE UNITED STATES
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TABLE 1

WATER RESOURCE DATA

Data provided for each (8-digit) Water Resource Cataloging Unit

Area Description

Surface

Approximate area - square miles
State

Dominant county

Approximate current population
Average, minimum and maximum run-off
Water rights status (available 1980)

Competing water use data (available 1980)

Water (River, Lakes and Reservoirs)

Rivers (4 maximum per cataloging unit)

- Name

- Average annual flow (cfs)

- Monthly flow (by month for 50, 90, 95% probability)
- Mean, maximum and minimum temperature

- Total dissolved solids

- Hardness

- PpH

Lakes or reservoirs (4 maximum per cataloging unit)
- Name

- Area

- Volume

- Mean, maximum and minimum temperatures
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TABLE 1 (cont'd)

WATER -RESOURCE DATA

- Tot;l dissolved So]ids
- Hardness -

- pH

"o Name |

. 'Deptﬁ (be]oﬁ ground'léve1)

; Thickness ’
o Total dissolved solids.

o Hardness

e PH

o Temperature

‘. "Specific capacity

o Yield of large diameter well

o Committéd water rights (available 1980)
Ocean/Bays (1 only per cataloging unit)

o Name

o Salinity

e Mean, maximum and minimum temperature

)

Ground Water (maximum of 4 aquifers pef'cataloging unit) “,
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TABLE II.

GENERATING PLANT DATA

Data provided for each thermal generating plant with rating of
100 MWe or greéater. Applicable data for hydroelectric units are
* > ] . '
included for convenience.

General Piant Information

e Plant name
e Utility name
o Plant location
. - City, county, state

- MWater resource cataloging unit

- latitude and longitude

- Federal Energy Regulatory Commission power supply area and region
; Plant type
e Plant capacity (Mwe)
e First year of commercial operation

Plant Cooling In%ormation

o Type (once through, tower, etc.)

e Cooling water source

e Flow rate‘of'receiving water body

o Withdrawal, consumption, blowdown, discharge rates

Plant Operational Data (yearly)

o Generation
e Heat rate

e Capacity factor
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ABSTRACT . .

‘Cogeneration is broadly .fined as the simultaneous production of
elegtricity or shaft power and useful thermal energy. The Department of
‘Energy (DOE) is responsible for the advancement of ccgeneration technology
using energy conversion systéms (ecs) with both today's commercially ’
available technology and advanced energy conversion system technology. In
line with the latter responsibility, a study is being performed by the
National Aeronautics and Space Administration (NASA) for DOE called the
Cogeneration Technology Alternatives Study (CTAS)". The objectives of
the study are to evaluate and compare various advanced ecs in industrial
cogeneration and to assess the energy savings, life-cycle energy cost, and
environmental impact benefits of using advanced technology. The following
systems are included in the study: steamAsystems, open-cycle gas
turbines, combined gas turbine/steam turbine systems, diesel engines,
closed-cycle gas turbines, Stirling engines, high and low temperature fuel

cells and thermionics. Fuels include distillate and residual quality

petroluem fuels, coal-derived gaseous and liquid fue]é, and coal.
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Introduction

Cogeneration is defined broadly as the simultaneous generation 6f
electricity or shaft power and useful thermal energy. This definition
‘applies to a wide variety of industrial and commercial/residential
applications. The cogéﬁeration concept offers the potenfia] for increases
in 6vera11 energy utilization efficiency. Up to this time, cogeneration
has seen relatively limited use in the United States. However, in light
of diminishing domestic oil and natural gas reserves and rising fucl
prices, the application of cogeneration concepts exhibits the potential
for significant benefits in the future.

The United States Department of Energy (DOE) is responsible for the
advancement of cogeneration téchnology using energy conversion systems
with both today's commercially avai1ab1e‘techno1ogy and advanced energy
conversion system technology. In 1iﬁe with the latter responsibility, the
DOE Division of Fossil Fuels Uti]izatipn has initiated the Cogeneration
Technology Alternatives Study (CTAS) which will address the merits of
advanced cogeneration systems for providing industrial pbwet and process
heat.

Objectives and Scope

The objectives of the CTAS effort are as follows:

1. Identify and eva]uafe the most attractive advanced energy
conversion systems for implementation in optimized industrial
cogeneration app]icatioﬁs for the 1985-2000Atime period.

2. Quantify and assess the advantages of -advanced energy system
technology compared‘to the use of today's commercially available

technology.




Table 1 lists the advanced energy conversion systems which are .
included in the CTAS effort. The systems are being examined at technology
levels whiéh might be commercialized in the 1985-2000 time period. ,Steam
systems, gas turbine systems and diesel engines are also being examined at
conditions representing today's commercially available technology.

Results for the cases using these commercially available. technology
systems are being used as a baseline for assessing the advantages of
advanced technology. Thé potential benefits from the use of organic .
- Rankine bottoming cycles, advanced technology heat pumps, and thermal
energy storage are a1sb inc]uded in thé study.

The advanced energy conversion systems are being examined for
application in industrial plants belonging to the Manufacturing Division |
of the Standard Industrial Classification system, a product-oriented
classification system developed by the United States goverhment. The
effort is focused on cogeneration systems for the six major industry ’
groups listed in Table 2. These six major industry groups accounted for
approkimate]y 80 percent of all energy consumed in U.S. manufacturing
industries in 1974.

The study is predicated on the need to accommodate a transition from.
the use of natural gas and light oils to heavy oils and coal and
'coaT-derivéd fuels. Therefore, the use of coai or minimally processed
petroleum or coal-derived liquid fuels'is emphasizéd.. Characteristics of
the coal and liquid fuels being employed in the study are given in
Table 3. In addition LBTU gas produced from various types of on-site

gasifiers which are integrated with selected conversion systems is being
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utilized. Natural gaé,othBTU~gés from coal are also being considered.for -
industrial processes which might require that type of fuel and cannot
substitute another fuel.

The coal characteristics in,Table 3 are typical of a high sulfur
bituminous coa}_predominant]y found in the eastern U.S. The petroleum
distillate and residual fuel characteristics represent a No. ? Diesel and
No. 5 grade 0il which might be indicative of these fuels as used in the
1985-2000 time period. The coal-derived liguid fuels characteristics are
intended to be representative of minimally proéessed distillate F"d
residual quality fuels produced by coal oroceSsing plants appropriate to
‘the -'1985-2000 time period.

Study Organization

The organizational approach to the study is a major feature of the
overall CTAS concept. The CTAS organizational structure is shown in
Figure 1. CTAS is one element of a larger project called the Advanced
Cogeneration Technology (ACT) Project which is being sponsored by the DOE
and managed by the National Aeronautics and Space Administration (NASA).
The ACT Project will identify and provide.for the development of advanced
-energy conversion system technb]ogie; which will permit the
.commercialization of optimized industrial cogeneration‘ﬁowerp1ants for the
1985-2000 time period. CTAS is being carried out by the NASA for DOE
utilizing two NASA laboratories, the Lewis Research Center (LeRC) in
:Cléveland, Ohio, and the Jet Propulsion Laboratdry (JPL) in Pasadena,
-C#iifornia. The dominant effort in_CTAS i§_bejng.performed by companies

‘from private industry under contract to the government. The intent is to




use the.cxpertise, capabilities, and judgment which resides within |
industrial concerns to insure that the most realistic results are
obtained. A sjmi]ar government/industrial team approach was uséd
successfully in the Energy Conversion Alternatives Study (ECAS), a study
of advanced technology systems for base-load electric utility
app]icétions. ECAS was performed by NASA for the Energy Research and
Deve1opment Administration (the predecessor to DOE), and the National
3cience Foundation. .‘

Project Management of CTAS is being provided by NASA/LewiS Research
Center. The Project Mﬁnagement resbonsibi]ities of LeRC include both the
management of the industrial contracts and the coordination of the
confractor, JPL and LeRC in-house efforts. NASA/LeRC was selected by DOE
for project managemenf because‘of its capabilities in and qnderétandjng of
the various advanced energy conversion systems being studied and its ;
experience in managing large, cohpléx studies.,

In addition to the management funcﬁions,.LeRC is performing a
téchnical support function which includes selected in-house ana]ysés,to
complement® and/or supplement the contractor results. This subport is
important to the management of the contracted studies and provides a basis
for the evaluation and reconciliation of contractor results. The primary
emphasis of fhe in-hoﬁse support activity at LeRC is in the area of |
advanced energy conversion system analysis.

The Industry/Process Support effort shown in Figure 1 is being
'performed at the Jet Propulsion Laboratory; The purpose of this effort is

to provide support in the industry process area. This support is béing
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utilized by LeRC .in managing the CTAS contracted studies and also provides.
for studies by JPLAof important areas complementing thevconfracted
efforts. One example of this latter function is the identification and .
study of regional factors which might have a significant influence on
advanced technology cogeneration system selection. .

, The final component of.the CTAS organizational approach is the
cohtracted effort with private industry. These contracted analyses will
bevpékformed by two teams from the industrial sector which will perform
essentially parallel studies directed toward the CTAS objectives. The
teams are each made up of a prime contractor and a number of
subcontractors which provide expertise to the team in specific areas.

i +The two prime contractors are the General Electric Company'(G.E.) in
Schenectady, New York, and the United Technologies Corporation (UTC) in
Southlwindsor,.Connecticut. The subcontractors consist of both additional .

-groups within the prime contractor's organization and separate companies,
“each of which'offer a particular background and/or expertise essential to
some aspect of CTAS. Some of the major_participants on the two indugtria1
féams and the general areas of responsibility of the participants are
shown in Table 4. The large number of organizations involved and the
diversity of disciplines represented is a direct consequénce of the
breadth and complexity of the CTAS effort.

As mentioned earlier, tﬁe two teams are performing essentially
parallel Studies. The reason for two parallel efforts is to obtain
results using different design approaches, philosophies and views of the

potential advances in the technologies possible for commercialization by

J




7
1985-2000. NASA will then have the responsibility for: analyzing:and
evaluating the contractors' results, reconciling differences between the
results of the two teams, and drawing insights not only from areas of
agreement but also from the differences in results that occur.

~ Key Features of the Technical Approach

For the purposes of this study, industrial cogeneration is
specifically defined as either:
1. Generation of electric power at an industrial plant with the
rejected heat used for process heating (Front End/Topping).
2. Use of heat from a process for generation of electric power at an
Andustrial plant (Back End/Bottoming).
Figure 2 depicts these two basic cogeneration configurations
pictorially. In the Front End/Topping system, fuel is consumed in.the
-energy conversion system to generate electricity for use in the plant.
The rejected heat from the system is used to rafse steam (or pfovide heat
in other forms) which is then used in the industrial process plant.
Electricity may be importéd to the site if the conversion system cannot
;prdvide enough electric power to satisfy the site requirements.
Electricity is exported to the utility grid if the enefgy conversion
system produces more than is needed by the indﬁstrial plant. An auxiliary
Boiler may also be needed to supplement the steam produced by the heat
rejected frdm the system. " In the Back End/Bottoming configuration, fuel
1s used to generate heat for the process plant and the exhaust products
from the industrial brocesses are used as thermai input to an energy
conversion éystem which then produces electric power. Emphasis in the -

study is being p1aced_on the Front End/Topping configuration.
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The,study ggnsjggrs‘ccgeneration~on the basis of individual jnqu§tria1
plant sites. Although additional benefits may accrue from consideration
of a centralized cogeneration concept where a large energy conversion
system provides the electric power and proceSs heat requirements for a
number of plants clustered around it, this is not being included as part
of CTAS. Likewise, the use of rejected powerplant thermal energy for
district heating is not included in the study. It is DOE's intent-to,-
eddress these latter concépts in separate studies which would considér
central station-type cogeneration plants.

Two key featureslof the technical approach being employed are
screening and characterization. Screening is used to reduce the number of
cases to what is tractable and to focus the effort on those cases which
have a hign likelihood of being attractive in terms of such criteria as
overall energy efficiency, oil and natural gas savings, and energy costs.
Focusing on the six major industry groups identified in Table 2 is a
simple example of screening.

Characterization is used here to mean the utilization of simplified,
representative relationships or "models" rather than consideration of the
detailed, éomp1ex situation which actda]]y exists. For'examp1e,'
industrial process plant requireﬁents can be characterized in terms of the
ratio of electrical to thermal energy required, representative
temperatures at which process heat is needed and the overall quantity pf
. electrical or thermal energy required rather than detailed considera}ion
of each of the mu]tipliéity of process streams and electrical and

-mechanical power requirements.
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‘- " Another key feiture of the ‘technical apb?@éch is the usé of common
ground rules throughout the study. This is to insure that differences
found among systems and between the two contractors' results represené
real differenceslamong systems or differences resulting from differences
in design approaches or technical assumptions for the technologies. A
number of the areas where common ground -rules have been established are
- listed in Table 5.

The basic methodology used in the study is depicted in Figure 3. The
cross-hatched areas represent possible points in the study where the
number of cases considered'can be reduced by screening.. The initial step
fn the study is to screen and characterize the many possible industrial
'procéss plants and energy conversion systems. Then the energy conversion
system éharacteristics are "matched" to the procéss/plant requirements to
synthesize cogeneration systems. Those system-process combinations which
do not appear to be a good match may be eliminated from further
consideration. For those combinations that pass through this "matching”
screen, fuel éavings and capital costs are estimated on the basis of the
characterizations or "models" used to represent the energy conversion
systems and process plants.
| For the more attractive of these, industry specific economic
calculations such as estimates of the return on. investment and annualized
life-cycle energy costs are maaef Factors both internal and external to -
the specific industries being examined affect the relative economics of
the various advanced systems. An example of an internal factor is the

. minimum acceptable rate of return on an investment which is used by an
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individual company in ‘its investment decision-making. This can vary from |
industry to industry, from company to‘company within an industry, and even
from time to time for a single company as it're-examines how to invgst,itsv
funds. Examﬁ]es of external factors are tax rates and cost of purchased
‘electricity.and fuel which affect all the industries. Results for those
cogeneratibn systems whiéh have appeared to be attractive in previous
steps are then used to estimate potential national benefits.

The data generated in these steps are then used for comparison and
evaluation of thé advanced energy conversion systems. By retaining cases
repreéenting the use of commercially available technology throughout each
step in the process, an assessment of the advantageS pf.emp1oying‘advanCed
technology can also be made.

Industrial Process/Plant Framework

The advanced energy conversion systems 6f interest are being examined
in the context of characterizations of the manufacturing plants of the
United States. Approximately one-third of all energy consumed in the U.S.
is used for providing electricity and process heat to industry. The
potential exists, therefore, for significaht energy savings on a national
basis through the application of advanced energy conversion systems in
cogeneration. ,

In 1974, however, there were about 450 types of manufactur%ng
industries listed as part of the Standard Industrial Classification
syStem. To gather data for all these industries indiv%dual]y would-

require a significantly greater effort than justified for this study.

Instead, the approach being used is to select a smaller number of
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industries and industrial process/plants which constitutes.a.
representative cross section of the energy intensive industrial plant
requirements. Results using thfs representative cross section of inﬂustry
can then be used to assess the potential impact of .cogeneration on U.S.
energy consumption, particularly enérgy from oil and natural gaﬁ. Because
the energy conversion systems being examined are based 6n advanced
technology which might be made avai]ab]ewfor the 1985-2000.t1me period,
the industrial plant requirements are also being projected to that period.

Approximateiy 70 different types of process/plants are being
considered in one or both of the contracted studies. The process/plants
selected represent a‘variety of fuels used, thermal and electrical
reqyirements, process temperature requirements, plant sizes and 1oad
"pfofi1es for the e]ecfrica] and thermal demands. Plants approbriate for
both Front End/Topping and Back End/Bottoming cogeneration configurations -
are included, though emphasis is on the topping application. Figure 4
shows the major industry.groups‘of the manufactufing'sector of industry
represented in the selections, along with the total relative .energy
ucbnsumptiqp"for all plants within-each of the various major industry
groups. While the focus is on the six major industry groups identified
previously (namely, chémicals and allied products; primary metals;
petroleum refining and coal products; paper and a]fied products; stone,
clay and glass; and food and kindred products), a small number of
process/p]ants have also been selected from four additional major industry

groups to broaden the coverage of industries considered.
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The 70’pfocess/planf§cse1ected account. for. approximately.60 percent- of
the total energy consumed by manufacturing industries in the U.S. Table 6
delineates some of the detailed information being collected on the
approximately 70 process/plants selected. From this detailed information,
characterizations of the various industrial plants are being made which
will form the framework for the study of the advanced. energy. conversion -

1 .

systems.

Energy Conversion Systems

Each system identified in Table 1 is being investigated with a variety’
of fuels. The energy conversion system/fuel combinations which are being
included in CTAS are summarized in Figure 5. Emphasis is being placed -on
the-use of heavier, minimally processed fuels and coal -- especially. in -
the advanced technology versions of the systems. The fuel selections .. -
being made are intended to permit an assessment of the capability of each
system to make the transition from the use of natural gas or light oils to -
heavier oils and coal and coal-derived fuels in the 1985-2000 time
period. Each sSystem {is being configured to operate in-an.environmentally

;cceptab1e manner with the fuels indicated.

1A'companion'paper at this Symposium entitled "Characterization of+~U.S.
Industries for Potential Cogeneration Applications" by R. Manvi presents
" characterizations of a large number of industries and an example of a
methodology which can be used for selecting of industries for the study
of potential cogeneration app11cat10ns
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3 Bothtathospheric and pressurized fluidized bed furnaces with in-bed
desulfurization are sefective1} considered for the coal-fired cases. In
those cases where coal is uti1i;ed withoqt in-bed desulfurization, flue
.gas desulfurization is used._'For three of the systems, the open cycle gas
turbines, combined cycles, and_ﬁigh temperature fuel cells, an" air-blown
coal gasifier is integrated with thé energy conversion system. Steam:
cycles and'organic Rankine cycjes are being investigated as bottoming
cycles using heat rejected from the jndustria] processes. Approximate1y
30 fuel/system combinations are being investigated by each contractor.
Each type of eneréy conversion system is also being analyzed for a
range of -configurations, system technologies, design approaches, and
operating parameters such as temperature and pressure levels. 'Off—design
characteristics of the various systems are being examined as well as the
effects of size on §ystem performance and costs. The sets of conditions
. being investigated are selected to be consistent with the technology
1evé1s which could be made cdmmercia]]y available in the 1985-2000 time
' period and the type of fuel used. As mentioned previously, for the steam
-Systems, open cycle gas tUrbines and . diesel engines, the range'of<
conditions studied also iné]udes conditions consistent with today's
commercially available equipment to serve as a baseline for assessing the
adyantages of advancements in energy conversion system tééﬁnéf&gy.
Examples of some of the types of system variations being Studied are
'asifollowsé‘ back pressure‘and extraction steam turbines; air and water
cdo1ed gas turbines in simple cycle, recuperated, and combined cycle

cdnfigurations; steam injected gas turbines; low and medium speed dieéel-
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engines; closed cycle gas turbines using air or helium as the working .
fluid; Stirling engines in different -size regimes; low temperature
phosphoric acid and high temperature molten carbonate fuel cells; and
thermionic systems employing air-cooled. or -steam-cooled coj1ectors.

After initial trials of matchfng the various energy conversion systems
to the process/plant needs, approximately 120 cogeneration systems are
being selected for detailed study. These~cogeneration systems inc]ude a
variety .of matching options or strategies such as matching the electrical
requirements of the plant or matching the thermal -energy requirements of
thefplant. Also included is the use of heat pumps to raise the
temperature of the rejected heat from the energy conversion system or from
waste streams” from the industrial process to a more useful level.
Finally, a strategy of using thermal energy storage to better manage time
~ variations in the procéés plant requirements is being explored.

As the synthesized cogeneration systems progress through the various
screeniﬁg sfeps, a large body ofAdata is being developed from which
compérisons of the advanced energy conversion systems can be made. Both
quantitatiye and qualitative information is being used in the éomparisons
and evaluations of the systems. Some of the factors which are being used
in the evaluation of the systems are listed in Table 7. The results for
each system are also being examined for senéitivity to changes in the
values for the various ground rules used in the study such as fuel costs

and price of electricity.
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Concluding Remarks -

Cogeneration of electricity and héat at an industrial site offers the
potential for enérgy and fuel savings through increases in overa]l energy
utilization efficiency. This study of advanced energy conversion systems
for pfoviding industrial power.and process heat is providing data on the
relative merit of advanced systems in industrial cogeneration. The _
results of the study will be used by DOE-in ranking the competing advanced
techno]ogies,»estab1ishing research and development funding priorities and
. providing direction to the development program for advanced enekgy
conVersfbn systems in cogeneration applications. Published results frdm

the study will be available in the fall of 1979. o
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FIGURE 3

CTAS METHODOLOGY
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FIGURE 4 - PROCESS/PLANT SELECTIONS
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FIGURE 5 ENERGY CONVERSION SYSTEM/FUEL COMBINATIONS
CONSIDERED IN CTAS '
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- TABLE I

ADVANCED TECHNOLOGY CONVERSION SYSTEM CANDIDATES

0
0

0

o‘

0. .-

"STEAM TURB INE
OPEN CYCLE GAS TURBINE

"COMBINED GAS TURBINE/STEAM TURBINE CYCLES

CLOSED CYCLE GAS TURBINE

DIESEL | ’

STIRLING

FUEL CELL (HIGH- AND LOW-TEMPERATURE)
THERMIONICS |

OTHER ADVANCED CYCLES AS APPROPRIATE TO THE
© 1985-2000 TIME PERIOD ‘
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TABLE 2 .
MAJOR INDUSTRY GROUPS

CHEMICALS AND ALLIED PRODUCTS
PRIMARY METALS INDUSTRIES
PETROLEUM REFINING
PAPER AND ALLIED PRODUCTS
'STONE, CLAY AND GLASS PRODUCTS
FOOD AND KINDRED PRODUCTS
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Ssulfur, % wt.
~ Nitrogen, % wt.

Hydrogen, % wt.

Ash. 4 wt.

Trace Elements

1

1

Vanadium, Sodfum,

TABLE 3
FUELS CHARACTERISTICS

PETROLEUM-DERIVED - COAL-DERIVED
DISTILLATE ‘ RESIDUAL DISTILLATE RES IDUAL
.5 ~ .~7 | .5 7
.06 | .25 .8 nominal 1.0 nominal
2.7 10.8 9.5 nominal 8.5 nominé]
-- . .03 . .06 .26
Tow : high - - = ~ moderate high

Potassium, Calcium, Lead

COAL
3.9
1.0
5.9
9.6
high .
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Program Management

Energy Conversion Systems

Industrial Processes

TABLE 4 CTAS CONTRACTOR TEAMS

General Electric Company (GE)

GE-Energy Technology Operatioh

GE Internal Divisions
Delaval, Incorporated

North American Phillips
Corporation . .
Institute of Gas Technology

GE Internal Divisions

Dow Chemical Company

Kaiser Engineers, Incorporated
J.E. Sirrine Company .

General Energy Associates
(Drexel University)

‘United Technologies Corporation (utc)

UTC-Power Systems Division

UTC Internal Divisions

Bechtel, Incorporated

Sulzer Brothers, Incorporated

Rasor Associates

Aerojet Energy Conversion Company
Mechanical Technology, Incorporated

Dr. Phillip Myers, Consultant
Cummins Engine Co., Inc.

Gordian Associates
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TABLE 5 AREAS WHERE COMMON STUDY GROUND RULES
WILL BE APPLIED IN CTAS

o FUEL SPECIFICATIONS AND COSTS
o ENVIRONMENTAL STANDARDS
o UTILITY SYSTEM FUELS AND EFFICIENCIES

0 COAL-TO-COAL DERIVED FUEL CONVERSION
EFFICIENCIES

o  PRICE OF ELECTRICITY
0- GOVERNMENT INCENTIVES
o  ECONOMIC METHODOLOGY
0 CAPITAL COST ESTIMATING BASIS

YA



TABLE 7 FACTORS FOR COMPARISON OF ENERGY CONVERSION SYSTEMS

POTENTIAL FOR INCREASED OVERALL ENERGY EFFICIENCY
POTENTIAL FOR OIL AND GAS SAVINGS
~ FUEL FLEXIBILITY

ABILITY TO ACCOMMODATE A TRANSITION FROM PRESENT FUELS
TO HEAVY OILS, COAL, AND COAIL-DERIVED FUELS '

ECONOMIC ATTRACTIVENESS TO INDUSTRIAL USERS
TOTAL ANNUAL ENERGY COSTS |
ENVIRONMENTAL CHARACTERISTICS

NATURAL RESOURCE REQUIREMENTS

WASTE DISPOSAL REQUIREMENTS

RETROFIT POTENTIAL

APPLICABILITY TO A WIDE RANGE OF PROCESSES AND
INDUSTRIES ‘ '

POTENTIAL RELIABILITY
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TABLE 6 TYPE OF INDUSTRY/PROCESS DATA COLLECTED

THERMAL, ELECTRICAL, AND MECHANICAL ENERGY REQUIREMENTS.

LOAD PROFILES FOR THERMAL ELECTRICAL AND MECHANICAL ENERGY
UTILIZATION.

TEMPERATURE AND PRESSURE OF HOT WATER, STEAM, OR AIR REQUIRED
TYPES OF FUELS COMMONLY USED BY THE PROCESS.

NUMBER OF PLANTS IN THE COUNTRY; THEIR SIZE AND LOCATION.

BY PRODUCT.FUELS AND HiGH TEMPERATURE EFFLUENTS.

TRENDS IN PROCESS EVOLUTION AND ENERGY CONSUMPTION.

"PERCENT OF INDUSTRIAL ENERGY USED BY THE PROCESS IN 1985-2000.

PERCENT OF NATIONAL ENERGY USED BY THE PROCESS IN 1985-2000.
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.Paper No. 12

CHARACTERIZATION OF U.S. INDUSTRIES
FOR POTENTIAL COGENERATION APPLICATIONS -
Ram Manvi
Member of Technical Staff
Jet Propulsion Laboratory
Pasadena, California

ABSTRACT

Cogeneration of electricity and heaf at an industrial site 6ffers the
potential for energy conservation.tﬁrough iméroved overall energy efficiency.
In support of a study of'advanced energy conversion systems in industrial
cogeneration applications,l the Jét:Prdpulsion Laboratory (JPL) performed a sur-
vey aimed at identifying and characterizing the requirements of the most enérgyél
intensive U.S. industries., Focus of the effort was on the characterization of
industries in the following six major industry groupgz chemicals; petroleum
refining; primary metals; paper and pulp; stone, clay and glass; and food pro-
cessing.' In 1974. theée six major industry groups accounted for 80.3% of all
energy consumed  in U.S. industries. This paper characteriies the industries on
the basis.of plant electrical ‘and thefmal requirements, fuels QSed, the ratio of
energy cost to the overall product cost, and other parameters of importance to
cogeneratioﬁ application. Also presented is an example of methodologyv which can
be used in selecting industries for the study of potentiai cogeneration

applications.

lSee paper entitled '"Study ovadvancéd,Technology Cogeneration Systems for
Providing Industrial Power and Process Heét"
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+-. . INTRODUCTION

fhe need for energy resource conservation makes the high fuel utilization
resulting from the cogeneration of electric and thermal energy attractive in
many industrial appiications. The concept of on-site electric géneration is
not new; earlier in this century industrial plants commonly generated elec-
tricity. ‘The evolution of low cost electricity by utilities through "economy
of'scale" led the trend away from industrial power genera#ion.- As late as
1950, 15% of the U.S. elect?ical‘power was geﬁ;rateq iﬁ industrial planté
mostly with back pressure or extraction steam turbines producing both elec-
tricity and steam. By 1973 this percentage had decreased to about 5%. Not only
has the percentage ofltotal generated power dropped, but from 1965 to 1973,
the absolute magnitude of power produced on-site also decreased by about 20%.
However, with the rapid increase in the price of fossil fuels and tue ever
rising capital cost of new generating facili;ies, cogeneration is receiving
renewed attention. In addition to the advantages of fuel conservation and
‘reduced capital and operating cost there is the probability of reducing
greatly the lead times now required for large utility plants. Based on these
advantageous features of cogeneration, a mean;ngful thrust in the Depart-
ment of Energy's (DOE) overall program has been directed toward a serious study
of the energy concepts with high fuel utilization, prime mbvers with high
electrical efficiency, size flexibility, and suitable environﬁental charactefis-
tics for industrial cogeneration. The Cogeneration Technology Alternatives |
Study (CTAS) is designed to provide a data base to assist DOE in establishing

priorities for the research and development of advanced energy conversion system




teéhnology for optimized industrial cogeneration applications.  in and beyond
1985-2000 time period. 1ln order to provide a valid frame work for selection

of the industrial cogeneration systéms'and their evaluation, répresgntative
industrial processes are to be selected. The Jet Propulsion Laboratory (JPL)
performed a survey aimed at identifying and characterizingAthe fequirements of
the most energy intensive U.S. industriés.' This paper characterizes the indus-
tries on the bas;s of plant electricalrand thermal requirements, fuels usea, the

ratio of energy cost to the overall product cost, and other parameters of impor=-

tance to cogeneration applicatioh.
DEVELOPMENT UF QUANTITATIVE DATA

Our first objective was té identify the major energy consuming industries.
The magnitude 6f an industry's total energy uée was believed to be an important
criterion in judging where the most significant Qﬁportunities for high fuel
ptili;ation cight be realized from cogeneration, since even a modest level of
cogeneration in a major energy consuming industry could have dramatic national
consequences. The Census of Manufactures' data [1l] were considered to be the |
best source of quantitative energy-use information since these ére clearly thé

most comprehensive available. One drawback of the Census data [1] is that they

-~

are based only on purchased energy; data on energy generated internally from raw '
material utilization (as with hydrocarbon feedstocké), or heat recovery from
exothermic chemical reactions, or fromléastes cannot be determined from these
sources. Hence, other recently availaﬁle sources of industrial energy use were

reviewed to gather the following data:

° Block diagrams of industrial plants/pfocesses showing major unit

operations [6].




e Process heat requirements [2,3].

° The temperaturés:at.which the process heat is required (2,3].

° Process electrical energy requirements [1,2].

] Load profiles for.electrical, thérmal, and mechanica; energy needs.
° Number of plants in the country [3,4]. .

° Typicél outputs and total energy needs [6].

® Dolla£ value added by the manufacturing process [2]-.

° Lost work (Loss of thermodynamic availability) [5].
° Type, quantities, and prices of fuel used [1].

) Evolutionary trends in prbcess utilization [1].
U.S. MANUFACTURING INDUSTRIES SUMMARY DATA

The U.S. federal gerrnmgnt classifies the entire field of economic endea-
vors 'in accordance withﬂthe Standard Industrial Classification Codes (SIC); The
Cogeneration Technology Study (CTAS) is inferested only in the activities under
Division D, Manufacturing which includes the 20 groups in the two-digit classi-
fica;ions from SIC 20 through 39. The system classifies manufacturihg and indus-

trial plants and establishments in accordance with their products rather- than

the processes employed or tﬁe fuels consumed. Not surprisingly, there is a wide
variation in enefgy consumption from category to category because of the nature
of products and because ‘of Fhe structure of the classification systeﬁ. Table 1
shows,tbe ehergy ranking by major 2-digit induétfy grougg. Note thaf; in 1974,
the first six groups -~ chemicals and allied products; primary metals; petrolegm

and coal ptoducts; étone, clay and glass products; paper and allied products;

and food and kindred products accounted for 80.3%Z of the total energy consumed.



 TABLE 1:

ENERGY RANKING BY MAJOR INDUSTRY GROUP (2-DIGIT SIC) {1]

(2 DIGIT SIC CODE CATEGORIES RANKED BY 1974 CONSUMPTION)

2-Digit

Consumption, " o Cumulative
Rank 1012 kj/Year SIC Code Description Percentage
1 3090 28 Chemicals and allied products ]
2 2787 33 P.-imary metals L
3 1654 29 Petroleum and coal products 80%
4 1410 32 Stone, clay and glass products
5 1404 26 Paper and allied products
6 1009 - 20 Food and kindred products J
7 435 34 Fabricated metal products h
8 396 37 Transportation equipment
9 388 35 Machinery, except electrical
10 341 ° 22 Textile mill produc:s
11 287 24 Lumber and wood products )
12 269 30 Rubber and misc. plastic products
13 265 36 Electrical and electronic equip. and '
supplies : b 20%
14 95 27 Printing and publishing
15 75 38 Instruments and relzted products
16 69 23 Apparel and other textile products
17 62 25 Furniture and fixtures
18 54 39 Miscellaneous manufacturing
19 24 31 - Leather and leather products
20 21 21 Tobacco manufacturing '
‘Total 14137




The classifica;ioq syéxep exteyqq gq the 4-digi£ level, but the product oriented
system does. not provide a simple energy arrangement. There are 451 SIC 4-digit
industries included in the manufacturing. Division, D. In CTAS,'we have empha-
sized the study of industrial processes in the top six SIC 2-digit groups, but
also included some processes outside this group based on judgement of the
knowledgeable professionals. The top six SIC 2-digit industry groups are briefly

described below.
SIC 28: Chemicals and Allied Products‘

The chemicals and allied products industries manufacture thousands of ?ro-
ducts, many of which are manufactured with totally different téchnologies.
Approximately 71% of the energy consumption within the SIC 28 category gccurs‘
in the manufacturing processes of industrial chemicals (SIC 281). Within SIC .
281, 84% of the energy is consumed by only a handful of chemicals such as
¢hlorine, th);cuc, ammonia, industrial gases, phosphoric acid, styrene,

methanol, alumina digestion, and phenol.
SIC 33: Primary Metals _ ‘

SIC 33.includes manufacturing establishments engaged in the smelting and
refining of ferrous and nonferrous metals from ore, pig or scrap; in the rolling,
drawing, and alloying of ferrous and nonferrous metals; in the manufacture of
castings and other basic products of ferrous and nonferrous metals; and in the
manufacture of nails, spikes,_and insulated wire and cable. It also includes
the ptoduction of coke. Approximately 85% of the energy consumption within the

primary metals category occurs in the manufacturing processes for steel,




aluminum, and copper. Except that all comporénts‘deai with the smelfing, refin-
ing, casting, or some other treatment of metals, the teéhnologies in the varidus
components differ significantly. For example, the steel-making technology is N
much different than that'of aluminum. The former is coal-intensive whereas the

latter is electricity-intensive.
SIC 29: Petroleum Refining

The petroleum industry converts crude oil and natural gas liquids to a
variety of fuels and other products such as chemical feedstocks and lubricants.
Refinerieé may belclassified as simple, complex, or fully integrated, depending
upon the processes performed. There is a wide range of energy use in the pe;fo-
leum refining industry depending upon the type and relative cdmplexity of the

refinery.
SIC 32: Cement and Gléss

There are two basic processes for producing cement, wet and dry. The ole 
difference between these processes is thdt the wet pfocess utilizes a slurry to
feed the raw materials into fhe kiln or preheater, whereas the dry process feeds
ghe materials dry. Dry pfocésses are increasingly being utilized because of

~

greater energy efficiency.

Four major glass industrial categories - SIC 3211 (flat glass), SIC 3221
(glass containers), SIC 3229 (pressed and blown glass), and SIC 3296 (fiberglass
wool insulation) - are large energy consumers because each category includes

glass melting as part of the process. The dramatic fact is that the four glass




‘mel;ingtsggments use 60 to.85‘percegt\dfitheir energy in just melting,:firing; °°"

and7c9nditioning. Temperatures for these processes are in excess of 2000°F.
SIC 26: Pulp and Paper Industry

Energy consumption within the paper industry is concentrated in Qood diges-
t;on (cookiﬁg), evapofation, furnace csmbﬁstion,'drying>and kiln operationms.
The paper and allied products industry 1pt;gdés pg;p making, paper making, paper-
board making, conversion of paper and ?épg%—boér& into final products, and making
ofﬁSuilding paper and board. The datéxgboy'ﬁﬁéé pglﬁ making (SIC 261), paper
making (SIC 262), and paper-board makiﬁg (éié 5635 Qtilized about 86% of energy

consumed by SIC 26.

Four principal processes - ground wood and other mechanical, kraft, semi-
chemical, and sulfite - are used to produce most of the industry's pulp. Use of

sulfite process has declined recently.
SIC 20: Food and Kindred Products

SIC 20 accounts for a large, diiefse food processing industry which is sub-
‘classified into nine three-digit designatiops, ?here ;re 46 four-digit subclas-
sifications and 187 subclaésifications at the five-digit level. It is difficult
tb‘analyze each of these segments in detail. Because of time constraints, only
meat'packing SSIC 2011), prepared méa;s (SIC 2013), dehydrated fruits and veget-
ables (SIC 2034), wet corn milling (SIC 2046), beet sugar (SIC 2063), and malt
bevérage (SIC 2082) have been'analysed in.detail to characterize their energy

requirements.




In the industrial sector, energy is used for a number of purposes; including
the non-energy use as a feedstock for chemical manufacture. Excluding feedstock,

the breakdown of the total industrial use of energy is as follows:

. Process steam 44.5%
Electric drive 21.1%
.Electrolytic-processes 3.1%
Direct process heat 30.5%
Other ' 0.8%

Process steam and direct'process heat together accounts for 75% of the total
industrial use of energy. It is clear that the greater portion of the energy
used in the industrial sector ié used in the form of thermal energy rather than
;n the form of power, and this is an important fact to comnsider ih estimating

the potential for cogeneration in industry.

Detailed information on the amounts of process heat, forms of heat, the
temperéture fanges, and amounts of heat in specific appiicaéions'ip specific
processes, electric energy needs are needed because all these.variablesrstrpngly
influence the ﬁotential for industrial cogeneration. 'Table 2 "shows the thermal
and electric energy needs of 25 SIC A—Aigit industrigs rankg§‘gééofding to
thermal energy use. Altogether, data was collected on 74 SIC 4-digit indus-
tries which are estimated to ﬁave the most process heat needs. ' The required
application tempéfatﬁres are also shown. Figure 1 shows the éercehtage of
industrial process heat required at temperatures less than or equal to a parti- -
cular temperature. 70% of the industrial ﬁrocess heat is required at less than

or equal to 550°C.

+
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TABLE 2: LIST OF INDUSTRIAL PROCESS THERMAL & ELECTRIC ENERGY REQUIREMENTS [4,1]

(RANKED ACCORDING TO THERMAL ENERGY USE)

Thermal Energy

Application Ratio Cogeneration Potential

Rank SIiC’ Industry/Process 1012 ky/vear(Q) E(109 KwWH) Temperature °C E(3.6)/Q°  Topping Bottoming

1 3312 Blast Furnace & Steel Mills 3467 49.6 100-1500° 0.051 v/ /o

2 2911 Petroleum Refining . 2666 25.9 100-650 *0.034 / /

3 2611 Pulp Mills ' 2.6 100-1100 0.103 7/

4 2621 Paper Mills 1125 18.5 100-1100 0.103 /

5 2631 Paper Board Mills 9.9 100-1100 0.103 v

6 2661 Building Paper 1.5 100-1100 0.103 / o

7 3241 Hydraulic Cement 500 9.9 125-1500 '0.071 / v/
8 3321  Gray Iron Foundrries ) 6.5 100-1500 0.086 / /

9 3322 Malleable Foundrfies 453 1.5 100-1500 0.086 % %
10 3323 Steel Foundries 2.7 100-1500 Q.086 v/ /
11 3221 Glass Containers 163 1.1 650-1600 0..085 /
12 2819 Alumina 156 2.1 125-1200 0.048 % v/
13 3274 Lime Calcining 137 0.7 1000 0.019 /
14 2823 Cellulolosic Fibers 124 0.6 100-300 0.017 %

15 2951 Paving Mixtures 98 0.6 125-170 0.021 /-

16 2812 Alkalies & Chlorine 93 12.5 170 0.519 v

17 2824 Non-Cellulosic Fibers 79 6.9 100 0.309 v/

18 2262 Finishing Plants, Synthetic 78 1.1 90-140 0.048 7/

19 3251 Brick & Tile 74 0.8 1375 0.037 /
20 2011 Meat Packing 70 4.0 60-260 0.206 v

21 2063 Beet Sugar 68 o.z' 60-150 0.010 /

22 2421  Saw Mills & Plantng Mills 67 6.8 150 0.336 Y

23 3211 Flat Class 62 1.1 500-1500 0.064 v/
24 2436 Veneer 61 1.8 100 0.108 /

25 2435 Plywood 53 0.5 125 0.035 v
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Figure 1: Cumulative Distribution of Process Heat Requirements

Figure 2 shows the purchased fuel unit costs versus total energyAcost per
dollar value added for the most energy intensive industries. This data by
itself, éhough interesting, is not sufficient to establish the need for cogen-
eration in any particular ihdustfy. In the next section, we describe é simple
methodology to utilize this important inforﬁation along with other caléulated‘

factors by which we can judge attractive cogeneration candidates.
INDUSTRY SELECTION FOR COGENERATION

The assembled industry energy data can be analyzed for identification of

attractive cogeneration candidates based on the following consideratioms.

11
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Figure 2: Purchased Fuel Unit Costs Versus Total Energy Cost
Per Dollar Value Added [2]
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Criterion Rationale
A. Total energy used (process To make a national impact, the candidate
thermal energy used) industry/process should be a ﬁajor

energy consumer.

B? Energy per dollar valué added ~ If the industry consumes significant

A amounts of energy/unit, then its output
product is very sensitive to the energy
cost. Henqe, this industry is an
.attractive candidate for energy cost

reduction measures.

C. Lost work | ' Recently, the concept of "availability"
has been increasingly used to evaluate
second law efficiency of industrial
processes. This leads to the concept
of "lost work" which is the difference
’between the available work flowing

into a process and that flowing from
the process. I; represents a‘burden
.on the energy resources, and therefore
repreéents a good basis for the

establishment of energy conservation

priorities.
D. Electric power/heat ratio In order for an industry‘to be a good
(E/Q) cogeneration candidate, there should be

13
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a proper match between its electric
power and procesé heat needs. If the
process needs only eleétrical énergy
with no process heat needs, then
cogeneration does not make any sense.
On the other hand, 1if the process needs.
only heat, cogeneration cou;d be

attractive to export electricity.

E. Duty and Coincidence factors Duty factor is the ratio of average
to maximum loads and ié generally an
indication of how uniform the electric
& thermal requirements are .throughout
a year. Coincidence factor in cogen-

eration analysis is the time duration

for which electric and thermal require- =

ments are in phase. For economic
reasons, both these factors should

have a high value.
The industry recommendations for cogeneration can be based on:

1. Ranking Factor

' "~ Energy . Lost Work
Duty Factor x (Total Energy Used) x (S Valoe added) (EEE;E;—ﬁEEE)x

Coincidence 'Coincidence)x (Energy ‘Used) (Lost Work)

Factor = (Duty Factor) x Factor $ Value Adde@

(1)

14




Industries that are high energy consumers combined with significant lost
work are good candidates for energy conservation measures, especially,
if the dollar values added in manufacturing processes are small and they

have high duty and coincidence factors.

Comparison of (E/Q) to (E/Q)

Required Available from On-Site

rnergy Conversion System

It is obvious that to export electrical energy to recover cogeneration
investment, the on-site energy conversion system should produce more

electricity than what 1is required by the process. Hence’

(E/Q)

Available = ““Required (2)

(E/Q)

This inequality holds whether we are designing a cogeneration system to

méet process total electric or heat demands. . (E/Q)Available from an

energy c-nversion system depends on the temperature at which

heat is required, because the thermal efficiency of the energy conver-
sion system is a function of the temperature. (E/Q)Available-from an

on-site energy conversion system can be expressed as

n

Available - C(1-7) (3)

(E/Q)

Where C = heat recovery fraction, and n is the thermal effigiency.
If C is assumed to be 0.6, then for many of the energy cohversion
systems under consideration in. CTAS, (E/Q)Available can be estimated
to be in the range of 0.2 = 1.7. Therefore the recommended topping
cycle cogeneration candidates, as shown in table. 2, are based on

this consideration.-
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3. Fuels used:

Industrial processes which are ﬂeavily dependentvon natural gds and oil at
the presenf time for meeting their thermal needsuwill definitely be more
intefesteéwih advanced technology cogeneration'with coal or coal derived
fuels. Tﬁése candidates will offer the best opportunities for high fuel

utilization leading to considerable savings in the use of natural gas and

oil,

Table 3 shows sample results of exercising this example selection

methodology,
CONCLUSIONS

Manufécturing industries in the United States will experience diffic;lties
in acquiring aaequate supplies of energy necessary to sustain economic growfh;
throughout this dec;de and into the next. This uncomf?rtable situétion steﬁs
from several soﬁrcéé; First, the national supply of écceptable (1.e., non
polluting and inexpensive) fossil fuels is being consumed at a rate faster than
comparéble sources are being found. Second, a major portion of such resources
are under control of«othér countries. Finally, alte:gative sources -- such as
nuclear ‘energy and coal -- are not meeting optimistic expectations as additional
sources of energy as-a result of the complicated interaction 6f.many factors.

Increasing concern for the environmental‘quality has delayed the exploitation

of nuclear energy and restricted the utilization of coal. Utilization of solar

energy is increasingly receiving attention, but its economics is not well under-
stood. Therefore, the immediate desire is to conserve finite and depletable
‘domestic reserves of gas, oil, uranium, and low sulfur coal. The successful

°

solution to the energy problem will depend, to a great degree, on the optimized
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TABLE 3:

SAMPLE RESULTS OF THE SELECTION METHODOLOGY

1

A B C D E F G
Purchased| Ranking
-Total Energy/ - ' Factor - '
Energy |Value Added|Lost Work/ Duty |Coincidence| Product Purchased FuelZ

SIC Industry 1013y 106kJ/$ Energy Used|Factor Factor | (AxBxCxDxE) |Coal|0il |Gas |Others
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: Chemicals _ »
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Materials '

.2812 |Alkalies & 0.191 0.517 0.768 0.90 1.0 0.07(4) - -1100 -
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Containers ,

- 2865 |Cyclic ], 0.149 0.174 '0.240 0.9 . 1.0 0.005(11) | 23 9] 53 -
Intermediates : ' ‘ ‘
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use of converted energy forms and on the maximum utilization of byproduct or
waste energy and materials. One approach to achieving a more efficient use of’
energy by man;facturing industries is through the use of cogeneration systemé.
Advantages of the cogeneration systems when compared to present practices,
include: - (1) decreased overall energy cost, (2) increased energy efficiency,
(3)_bettér management of scarce fuels, (4) assured supply of eiectric power to.
the cogenerating industry, and (5) decreased overall pollutant emissions.

These advantages, however, must be weighed against (1) possible increased local
emissions (2) increased capital.investmenﬁs, and (3) complex institutional,
legal/regulatory considérations. 'The Department of Energy has sponsored several

recent studies addressing these issues.
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DEVELOPMENT OF COGENERATION IN THE USSR

I. ENERGY BASE AND THE EFFICIENCY OF THE COMBINED METHOD OF
PRODUCTION OF HEAT AND ELECTRICAL ENERGY

Of all forms of energy produced the forms most widely used
at the present time are thermal and electrical, the production
of which in the USSR consumes about half of all fuel-energy
resources procured.

Of great importance in electrical energy, which in the
modern world has the leading role in the development of the
productive forces of society.

The significance of electrification for the progress of
the USSR is expressed by the famous fbrmula of V. I. Lenin:
"Communism is Soviet power plus electrification of the entire
country".

In the scale of development of electrification the Soviet
Union has made great strides. From near the last place in the
development of energy in Europe, occupied by Russia, the USSR
has moved to first place in Europe and second (after the USA)
place in the world.

In 1913, on the eve of the First World War, the production
of electrical energy in Tsarist Russia was 1.95 billion kWh.

In 1920, i.e., by the time of adoption of the State  Plan
~ for Electrification of Russia (the GOELRO plan), the production
of electrical enérgy in the country had decreased to 0.5
billion kWh.

In 1977 the USSR produced 1150 billion kWh of electrical
energy, i.e., 590 times more than in 1913. 1In 1977 the production
of electrical energy consumed over 20% of all the fuel-energy

resources procured in the country.




In yearly production of electrical energy per capita of
population the USSR is now at the level of the highly developed.
European countries and Japan. In 1977 this factor was about
4400 kWh/person-year in the USSR.

Soviet electrification is based on fossil fuel power
stations, at which about 87% of all the electrical energy is
produced. '

The second widely used form of energy in the national economy
and in everyday life is medium and low potential heat*.

In 1976 over 10 billion GJ** (2.4 billion Gcal) of heat was
produced for heating, ventilation and hot water supply of resij
dential; public and industrial buildings, which required about
25% of all the fuel-energy resources procured in the country.

The electrical energy demand in the USSR doubles about every
12-13 years, and the heat demand doubles about every 15-18 years.
In 1980 the production of electrical energy in the USSR
will reach 1340-1380 billion kWwh. According to preliminary data

the low and medium potential heat demand will be about 12
billion GJ (2.9 billion Gcal). About 80% of this quantity of
heat will be produced at centralized sources (heat-and-power
plants [HPP's] and large boiler stations). -

At the present time fossil fuel is the main primary resource
for production of electrical energy and heat. In the near future
(10-15 years) nuclear fuel will be used significantly in addition
to fossil fuel.

Particularly important in organizing a practical energy
supply for the country is cogeneration, the most modern method of
centralized heat supply and one of the main ways of improving
the thermal economy of electrical energy production.

By the term cogeneration we mean centralized heat supply
based on combined production, i.e., joint production of heat and

electrical energy.

*Low potential heat is considered to be heat with a tempera-
ture level up to 150°C; medium pr*tential, with a temperature level
from 150 to 350°C. '

**]1] GJ = 0.239 Gcal.




~ Combined production is the main difference of cogeneration
from the so-called separate method of thermal energy supply,
when electrical energy is produced at condensation thermal power

stations (CPS's) and heat is produced at boiler stations.

«

The main energy effect of cogeneration is in replacement of
ﬁhe heat produced in separate energy'supply in boiler stations by
the used heat taken from the thermal power cycle of the power
plant, thanks to which the useless expulsion of heat into the
énvironment from the power plant is eliminated during conversion
of combusted fuel to electrical energy. The soﬁrce of electrical
energy and heat production in cogeneration is the HPP.*

‘ The heat from the operatihg medium (steam or gases) having a
raised potential (high temperature and pressure) at first is used
for producing electrical (mechanical) energy in turbines. Later
the heat from the cooler operating medium is used for district heat-
ing. When such a combined usage is in effect, .the specific amount
of heat used for producing electrical energy is considerably lower

.than when electrical energy and heat are produced separately and

when heat beyond the turbines is expelled into the environment and lost.

Fig. 1 shows the ideal Carnot cycles of steam power plants -

both condensation (Fig. la) and cogeneration (Fig. 1lb) in the T-S

diagram.
Tb is the average heat supply temperature to the cycle

TH is the average'heat output temperature from the
cogeneration cycle :

To.c is the ambient temperatdre.
The amount of heat supplied is the same in both cycles and is equal
to:

_ Qn = T A S (1)
The amount of work derived in the condensation cycle is:
1K = (T =T, ) A S ' (2)
~and in the cogeneration cycle is:
11l= (Tb—TH) A S _ ‘3)

.*The translator has chosen this acronym to refer to leat Power Plant.

" The original Russian acronym is TETs which refers to cogeneration
plant which produces both electrical power and steam/heat for
process and domestic heat.




The amount of waste heat effectively used in cogeneration:

in the condensation cycle Qk =) (4)
in the cogeneration cycle Qt = TH A S (5)

Specific heat outlay:

Tb .
. : p _ 9n _ Toe . :
in the condensat;on_cycle Qk 1k = Te ; (6)
To.c - 1
in the cogeneration cycle
p - gn-gT _ .
Qt 1T 1 ; (7)
The speciflic coumbined production, i.e., aﬁount of work units

obtained in the cogeneration cycle per unit of waste heat

.= =2-1 5 (8

The specific heat economy per unit of‘heaf removed - from the

cogeneration cycle is

T .
B o.C (9)

Tb - To.c TH~

= P _ 4Py =
bq = (R - o)
Equation (9) makes it clear that the specific heat economy
due to combined productlon grows with an increase in heat supply
temperature Tb to the cycle and with a decrease in heat removal-

temperature T, from the cycle.

The spec1¥1c combined production in actual steam cogeneratlon
installations with irreversible losses in mind is shown in Fig. 2.
’ The combined pfaduction of electrical energy in the HPPs is
~one of the basic ways of continually lowering from year to year the unit
outlay of fuel for producing electrical energy in the USSR. In 1976
it averaged 65% of the total production of electrical energy at
general purpose HPPs, i.e., HPPs in the USSR Minenergo (UHEFR Miﬁistry
of Powerilsystem. _ ,

At the present time general purpose HPP's comprise.83% cf the

'totaﬁ irstalled capacity of the HPP's of the cohntry and 72% in yearly heat

output.



"The specific saving of standard fuel* at HPP's due to
combined production of electrical energy at the éfééeﬁt'time is
Ag = 12 kg/GJ or about 30% of the fuel consumption. on heat
production in modern high-ecocnomy boiler stations.

In 1976 the saving of standard fuel due to combined pro-
duction of electrical energy at general purpose HPP's was about

30 million tons or about 11% of the total fuel consumption on

production of electrical energy at all general purpose thermal
power stations, i.e., at all thermal power stations of USSR
Minenergo.

Figure 3 shows the dynamics of the change in the specific
consumption of standard fuel (net) at USSR general purpose power
stations in the last 15 years from 1961 to 1976, and also the
specific fuel consumption in 1980 according to the expert eva-
luation of the author.

In the last 15 years the mean specific consumption of standard
fuel (net) at HPP's decreased by 190 g/kWh from 462 to 272 g/kwWh.
In spite of significant progress also in the area of thermal
economy of condensation power stations (CPS'S) the difference
in ﬁhe mean specific consumption of fuel of CPS's and HPP's in
‘this period increased continuously and reached 91 g/kWh in 1976.
It may be assumed that in 1980 this difference will be about
100 g/kWh.

The mean specific cohsumption of standard fuel (net) for
all general purpose thermal power stations decreased by 122 g/kWh
in 15 years, from 459 to 337 g/kWwh. 1In this decrease of the mean
conéumption of fuel 84 g/kWh was obtained due to HPP's, i.e.,

69% of the decrease obtained. Table I gives certain energy
characteristics showing the development of cogeneration from
general purpose HPP's in the period 1960-1976.

In this period the production of electrical energy at
general purpose HPP's rose by a factor of 4.1 from 66 to 271
billion kWh. The specific combination production of electrical
energy per unit of used heat increased by a factor of 1.7 from

174 to 293 kWh/Gcal. The combination production of electrical

*The heat of combustion of standard fuel is 7000 kcal/kg =
29,300kJ/Kg.




energy at HPP!s increased by a factor of 8.3 from 21 to 174
billion kWh. The proportion of combination production in the
total production of electrical energy at HPP's rose from 32 to

65%, 1.e., doubled.

Due to the widespread developmenf of cogeneration and to
general technical progress in condensation power stations, the
USSR together with France presently occupies first piace in the
world in thermal ecoﬁomy of electrical energy production, ahead
of England, the'USA, the Federal Republic of Germany and other
developed countries.

The specific fuel consumption on electrical energy pro-
duction in the USSR decreases systematically from year to year.

The mean fuel consumption (net) at USSR general purpose
stations in 1975 was 340 g/kWh, in 1976 337 g/kWh, and in 1977
334 g/kWh.

In 1975 the specific fuel consumption (net) was: 1in France
333 g/kWh, in the FRG 341 g/kWh, in the USA 370 g/kWh, and in
England 374 g/kWh. '

| In cogeneration there are two main principles of practical

energy -suppily:

a) Combination production of heat and electrical energy,
accomplished at heat-and-power plants;
b) Centralization of heat supply, i.e., supply of heat from

a single source to numerous thermal users.

The basis of the first principle -- combined production
of electrical energy and heat -- being a specific feature of
cogeneration, was examined above. ‘

The second principle ——'centralization of heat supply -- is
not a feéture of cogeneration alone. Centralization of heat
supply can be accomplished not only with supply of heat from
+HPP's, but also with heat supply from other soﬁrces, for example
lafge boiler stations or industrial heat utilization stations.

Centralization of heat supply in itself also usually provides
a fuel saving due to higher efficiency 0f large boiler stations,
and the still greater efficiency of the large boilers in modern

HPP's in comparison with local boiler .stations, in spite of the
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additional heat losses in the networks with centralized heat,

supply.
Centralized heat supply favors the public welfare of the heat

~

supply regions, improves the comfort of the buildings supplied,
and decreases the labor costs on. service of the heat management
of cities and industrial regions.

Cogeneration is a higher form of centralization of heat
supply and the most practicél method of utilizing the fuel
resources of the country for thermal energy 'supply. Due to the
significant social, economic and ecological advantages, cogeneration
was determined to be one of the main trends in energy development |
of the USSR from the first years of organization of the Soviet

society.

2. THE MODERN LEVEL OF COGENERATION IN THE USSR

The history of Soviet cogeneration is inseparably connected
with the general development of Soviet power engineering.

The orientation of the Soviet power industry toward combined
production of electrical energy and heat was provided in the
state plan for electrification of Russia - the famous GOELRO
plan - developed on the initiative of V. I..Lenin by a group of
scientists and engineers under the supervision of G. M.
Krzhizhanovskii and approved by the VIIth All-Union Congress of
Soviets in December 1920. This idea, completely justified by
the experience of Soviet cogeneration development experience,
is widely realized in the cities and industrial regions of our
country.

Successful development of éogeneration requires development
and practical realization of time- and scale-coordinated plans
for construction and operational introduction of heat sources,,
heating networks and the heat-demand installations of users. 1In
principle, the planned economy of our country favors solution of

this problem.

The birthday of Soviet cogeneration 1is éssumed to be 25
November 1924. On this day Leningrad put into operation the
first general purpose heat line, installed in accord with a
project by and under the supervision of Soviet cogeneration

pioneers L. 'L. Ginter and V. V.,Dmitriev.




After Leningrad cogeneralion began in Moscow. The All-
Union Thermal:Engineering Institute (VTI) was the initiator of
Moscow cogeneration. In 1928 the first general purpose heat
line was laid in Moscow from the experimental VTI HPP to a number
ot industrial enterprises. Start-up of the first cogeneration
installations in Leningrad and Moscow was the stimulus for deve-
lopment of cogeneration .in many other cities of the USSR.

Figure 4 gives data. characterizing the development of
cogenération from the moment of its origin (1924) to the present
time (1976) and future prospects to the end of the tenth five-
year plan (1980).

In 1976 the electrical cépacity 0of cogeneration turbines
installed at USSR power. stations was 63 million kW, i.e., about
1/3 of the capacity of all the thermal power stations of the
country. The combined production of electrical energy at HPP's
was about 200 billion kWh, i.e., over 20% of the total production
of all thermal power stations of the country. The yearly heat
ohtput.from HPP's was 4 billion GJ (950 millionAGcal), which met
" about 40% of the total national demand for low and medium poten-
tial heat. In addition to cogeneration, there was a significant
development of heat supply from industrial and regional boiler
‘stations in the USSR, as well'as from heat utilizétion stations.
The heat output from all these sources was about 3.6 billion
GJ in 1976 (850 million Gcal), which met 35% of the total heat
demand of the country. In 1976 from centralized.sources alone
7.6 billion GJ (1800 million Gcal) of heat was produced in
1976, which met 75% of the thermal demand of the country.

The expected level of development of cogeneration and
centralized heat supply by the end of the tenth five-year plan
(1980) was determined to be as follows according to the expert
evaluation of the author: electrical capacity of cogeneraﬁion
turbines 77 million kW; yearly production of electrical energy
by cogeneration turbines 400 billion kWh, including 270 billion
kWh by the combined method. Heat output from HPP's. 4.8 billion
GJ (1.15 billion Gcal), heat output from other centralized heat
source installations 4.5 billion GJ (1.07 billion Gcal). 5

The total heat output from all centralized heat supply
installations will be 9.3 billion GJ (2.2 billidn Gcal), which
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will satisfy about 80% of the needs of the country's users with
low and medium potential heat.

Both in the scale of development of cogeneration and in
the scale of development of centralized heat supply the USSR

easily occupies first place in the world.

3. IMPROVING THE COGENERATION ENERGY BASE

Soviet cogeneration is based on regional heat-and-power
plants, from which heat is provided both to industrial enter-
prises and to nearby cities.

For heat supply to heating-ventilation installations and
for hot water supply to residential and public buildings and
industrial enterprises the heat carrier used is mainly water.
At the present time the proportion of water as heat carrier
comprises 48% of the total yearly heat output from HPP's.

The Soviet Union has tHe largest water networks in the world.

The use of water as a heat carrier permits use of low pressure
used steam from the bleeds of cogeneration turbines for heat
supply, resulting in an increase in the specific combined produc-
tion of electrical energy per unit of heat produced.

For example, at initial steam parameters at HPP's of 13
MPa, 555°C and with use of water as fhe heat carrier the mean

temperature of heat takeoff from the turbine bleeds in meeting

the residential heating load is 80°C and the specific combined:
production of electrical energy is 155 kWh/GJ (640 kWh/Gcal).
Using steam as the heat carrier for these purposes, with a
pressure at the station éollector of, for example, 0.8 MPa,

the specific combined production is 80 kWh/GJ (325 kWh/Gcal),
i.e., about half the amount as with water.

The thermal economy of HPP's improves on increase of the
initial steam parameters, decrease of the steam pressure in the
turbine bleeds, with use of multi-stage preheating of the network
water, with increase of the number of hours of utilization of
the thermal capacity of the bleeds, and on limitation of the
proportion of electrical energy production by the condensation
method.

. Improvement of the economic characteristics of cogeneration

. results from increase in the size of HPP's and increase of the
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unit capacity of boiler stations and turbine units, block layout
of equipment, and also from use of cheap water-heat boilers and
low pressure steam boilers to handle brief seasonal,and techno-
logical peaks of the heating load and for heating supply reserve.

In a number of cases the use of water-heat boileré of large
capacity gives, in addition, a gain in the scheduling of capital
investment, permitting minimum initial cost of centralization
of heat supply in regions where the operational introduction
of HPP's lags behind the introduction of heat users in time.

After the operational introduction of the HPP's these water-heat
boilers are used to cover the peak part of the heating load and
for heat supply reserve. '

In order to decrease the timé required for construction of
HPP's and to significantly reduce their initial cost and Lhe
labor costs on construction it is important to use mass production
teéhniques in heat-and-power plant installation. The USSR
has developed projects for series production HPP's of high
factory readiness for various types of fuel, providing for
construction by assembly of unitized technological construc-
tion sections with various types of turbines and boilers of the
same type. The construction of these HPP's basically amounts
to installation of standard unitized large-unit members at
the construction site.

At the present time in the USSR we are manufacturing series-
production high-economy cogeneration turbines of high.capécity
for high (13 MPa) and supercritical (24 MPa) steam parameters:
type T with heating bleed; unit capacity from 50 to 250 MW
(T-50/60~130, T-105/120-130, T-250/300-240); type PT with heating-
industrial bleeds, with unit capacity from 60 to 130 MW (PT-
60/75-130/13, PT-50/60-130/7, PT—86/100—130/13, PT-135/165-130/1),
'type R with back pressure with unit capacity from 40 to 100
MW (R-40-130/31, R-50-130/13, R-100-130/15).

In the near future we wili begin production of new turbines
at initial parameters of 13 MPa with high unit capacity heating
bleed at 175 and 180 MW, T-175/210-130 and T-180/215-130.

The USSR has significant reserves of natural energy resources,
including fossil fuel. But due to the geographic dispersal of

the regions of location of the main energy resources (the eastern
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regions of the country) and the main reglons of utlllzatlon of
electrical and thermal enerqgy (the European part of the USSR)
there is a deficit of fossil fuel in the Eastern part of the
USSR.

In order to improve the fuel-energy balance of the country
we are planning'{n the European part of the USSR, as well as in
other regions in the country most removed from the fossil fuel
base, to use nuclear~fuei as the primary energy resource.

Naturally, use of nuclear fuel at HPP's for combined produc—:
tion of electrical energy and heat is more efficienct from the
energy point of view than Qhen using the separate method of
production of electrlcal energy at condensation power statlons

and heat at b01ler stations.

The main advantages of nuclear HPP's (NHPP's) are:

a) The relative independence of the location of the NHPP
site from the'locaﬁion of the fuel base due to the insignifi-
cant weight of nuclear fuel consumption and the resulting low
costs for transport'and storage of the fuel. 4

b) The possibility of a freer method of selection of sites
for construction of NHPP's in accord with ecological conditions
due to the absence of discharge of pollutants with the exhaust
gases, contaminating the environment.

Experience in" the operation of existing nuclear power stations
(NPS) shows that at these stations there is no discharge of waste
waters contaminated by radiocactive substances. Radioactiveygaees
and aerosols are removed before discharge through the ventilation
pipes. Many years of observations of the concentration of radio-
active substances in the air, soil and reservoirs near operating
nuclear power stations shows no harmful effect of the NPS's
on the environment.

The first NHPP in the USSR was put into operation in tne
settlement of Bilibino (Siberia) in 1973. This HPP was projected
electrical capacity of 48 MW consists of 4 power units with
electrical capacity of 12 MW each. The power units consist of
single-circuit channel water-graphite reactors and T-12-60 o
cogeneration turbines with heating bleeds.

At the present time a wide range of design and research
developments on creation of large regional NHPP'S are underway
in the USSR. ‘
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Studie§ at a high design heating load on the order of 1750
MW (1500 Gcal/hrf and over show that NHPP's are~economicallyﬁ
competetitive with HPP's on fossil fuel (FHPP's).

Further progress.on HPP's on fossil fuel will be made
‘mainly in the direction of improvihg the operational reliability
and improving the structure of the equipment.

Introduction of all the new capacity of these HPP's at
high and supercritical initial parameters, in addition to improv-
ing the loading of the turbine bleeds, will lead to further increase
of the specific combination production of electrical energy per
unit of heat produced from the turbine bleeds, and also to in-
crease of the proportion of combined production of electrical .
energy at HPP's.

At the heat output from general purpose stations of 3.8
billion GJ (0.9 billion Gcal) expected in 1980, the combined
production of electrical energy at these HPP's will be about
250 billion  kWh, and the fuel sa?ing due to the electrical pro-

duction of the HPP's will exceed 35 million tons.

4. IMPROVEMENT OF HEAT SUPPLY SYSTEMS

An important component part of cogeneration is the centra-
lized heat supply system, the task of which is transport of the
heat carrier from the heat supply source to the demand regions
and distribution of the carrier to the heat users.

In connection with the development of industry and the in-
tense residential construction in certain regions of the country
large territorial developments arise with a'high heating load
concentration, connected by intraterritorial engineering struc-
tures, including heating networks.

In these regions this necessitates conversion in the near
future from local heat supply of individual enterprises or in-
dividual municipal regions to complex heat supply of large
territorial developments of so-called agglomerations.

This conversion should be accomplished under dynamic condi-.
tions, i.e., under theAconditions of development of the system,
using the previously installed and operafing heat supply installa-
tions as elements of the general agglomeration system of cen-

tralized heat supply.




In connection with the increase in requirements for quality
of planning and requirements for the purity of the air basins
of cities, and also due to changes in the fuel structure of power
generation in the direction of increase of the proportion of
solid fuel and nuclear fuel, many large HPP's, especially
those for energy supply for large cities and industrial-municipal
agglomerations, will be located at a significant distance from
heating demand regions, often far outside the city limits,
requifing installation of heat transport lines of significant
length and corresponding increase of the initial costs for the
heating networks. ' (

One of the main methods of decreasing the initial costs for
construction of heating networks and operational costs for trans-
port of heat is increase of the design water temperature in the
‘feeder line from the presently adopted and widely used level of
150°C to 170-190°C. This solution is economically justified
in the USSR not only for the regions of Siberia, the Urals and
Kazakhstan, with comparatively low closing costs for fuel, but
also for the Europeah regions of the USSR with high closing costs
for fuel.

The reliabilify of heat supply is of extremely great impor-
tance. |

In order to improve the reliability of heat supply long
main water networks should be divided into sections 2-3 km long.
This will decrease the water losses from the.heating network
during emergencies, since the damaged segment of the network is
localized on both ends using sectionalizing valves. This will
simplify correction of the damage and will accelerate the con-
nection of the network_té operation after the emergency.

In modern heat supply systems of large cities the heat car-
rier - network water - is usually supplied from each large HPP
to the heat supply regions through several mains. These mains
should be connected together by unitizing connections (inter-

connections). ‘
Significant reserves in operating cogeneration systems may

be utilized with correct regulation of them and adjustment of
the operating conditions.
The actual specific combined production of electrical

energy, the ope;ationél costs on transport of heat and the quality
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of heat supply as a whole depend significantly on the complete—
ness. of use of the heat carrier in the users installations.
Increase of the quality of heat service and improvement of the
utilization of the heat carrier in users' installations involves
improvement of the automation of local regulétian.

In order to level out the yearly heating load schedule it
is interesting to utilize the used heat of HPP's for heating of
greenhouses and hotbeds, and also for production of cold in the
air conditioning equipment of industrial enterprises'and public
buildings; In the near future there will be a significant in-
crease in the cooling load of air conditioning units, especially
in regions with a hot climate (Central Asia and the Transcaucasus
Republics).

An important problem is reduction of the initial costs for
construction of heating networks, acceleration of their construction
and improvement of the reliability and service life of heat
lines. Both in the USSR and abroad progress is being made in
this area in the direction of mass production of strucfures by
manufacture of heat line units at the factories and mechanization
of their construction.

In the USSR there have been significant scientific research
and construction operations in the area of improving underground
heat lines.

In Leningrad, Moscow and dther cities there has been wide
use of heat line designs of practically all pipe diameters in
monolithic sheaths of reinforced concrete, put on the pipes under
factory conditions.

An industrial heat line design has been developed in mono-
lithic sheaths of cellular phenolic Poroplast FL.

Designs have been developed for channelless heat lines with
monolithic sheaths based on asphalt binder (asphalt-perlite,
asphalt-ceramic, etc.) for pipelines of up to 400 mm diameter.

There are a number of pipeline segments in pilot operation
using asphalt-Izol both as bulk insulation and for filling of
pipes with hot melted compound.

A method of protecting underground pipe systems against
outside corrosion by induction enameling of their outside surface
has been.developed and tested under labboratory conditions and on

test segments.
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5. THE ECOLOGICAL EFFECT OF COGENERATION

Centralization of heat supply, and eepeeieily EOgeheration,
have a. significant effect on improvement of the sanitary state
of the environment. Due to the fuel saving obtained in 1976
as a result of combined production at the HPP's of the country
~in the amount of 36 million tons the amount of yearly discharge
of gaseous combustion products has decreased by 130 million tons.

A significant additional effect in decreasing the pollution
of the environment of populated areas is obtained with cogeneration
as a result of the construction of large heat-and-power plants
outside the city area.

The creation of lafge sources of combined production of
thermal and electrical energy made it possible to organize
.effective capture of the fuel combustion products and waste-free
systems for treatment of the make-up water, which in small, and
even large boiler stations operating only for heat supply is
practically impossible both due to the amount of work required
and the Eapitai investment required. - '

The development of cogeneratlon in existing old cities permits
01031ng of over a thousand b01ler statlons each year, which

significantly improves the sanltary condition of these cities.

In small boiler stations water treatment is usually perform-
ed using the sodium cation exchange method, in which highly
mineralized water .enters the wastewater. 1In cogeneration, with
production of heat at. large HPP's large installations may be
provided fo;,waste-ffee treatment of the make-up water, for
example multistage evaporator units.

The ecological danger of decentralized heat supply is
aggravated due to low stack height, leading to low dispersal
of the wastes and high waste concentration in the layer near the "
ground. Modern large HPP's have significantly more effective
ash catching equibment than boiler stations and are equipped
withvhigh stacks. All this significantly improves the purity of
the alr basin. ’ ) A

The constructlon of HPP's on nuclear fuel, planned in the
near future, w1ll simplify solution of the ecological problem
due to the absence of discharge of gaseous pollutants into the

atmosphere
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6. REDUCTION OF LABOR COSTS IN THE ENERGY FIELD -

With codeneratlon there is a significant decrease in labor .
costs for operation of thermal power systems and of the installa-
tions of industrial regions and cities in comparison with separate
heat supply, which under the conditions of the USSR with 100%
employment of the labor force and inavailability of free labor.
reserves is very important. Cogeneration permits a decrease in
the number of personnel servicing the municipal energy system
by a factor of 5 to 7 in comparison with heat supply from local
heat sources and by 30 to 35% in comparison with heat supply.

from large regional boilers.

7. DEVELOPMENT OF COGENERATION SCIENCE

Successful. Soviet cogeneratlon at all stages of its develop—'
ment will be favored by scientific studies closely correlated

by practlce. Engineering and technical personnel, designing, °
constructing, operating and adjusting cogeneratioh systems and
installations participate actively in these studies in addition
to the scientific workers. Soviet energy workers have created
a science providing correct solution of all the main technical
and tecﬁnical—economic problems of cogeneration and development
of the main methods for further development of this science.
Soviet scientists have compiled textbooks and instruction
manuals which in the universities and technical schools of the
country will provide the basis'fortsystematic preparation of
engineering and technical cadres for cogeneration and retraining

of the working cadres.

CONCLUSIONS

One of the main energy trends in the USSR is cogeneration,
i.e., centralized heat supply on the basis of combined production
of electrical and thermal energy. o _ o

Cogeneration gives a great fuel saving, significantly improves
the sanitary state of the environment due to decrease of the
quantity of combustlon products discharged and reduces labor
costs for operation of thermal energy systems and 1nstallatlons

of cities and industrial regions.
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Soviet cogeneration is based on large HPP's, from which
heat is sent to industrial enterprises and nearby. cities and
populated areas.

Soviet cogeneration makes wide use of water as the heat
carrier, which provides high specific combined production of
electrical energy and a high specific fuel saving per unit of
heat taken from the turbine bleeds.

Improvement of HPP economic characteristics results in an
increase in the initial steam paramefefs, a decrease of the steam
pressure in the turbine bleeds, an incréase in the unit capacity

of boiler and turbine units, unit layout of the eguipment, use

of cheap water-heat and steam boilers to cover brief peaks of the
seasonal and technological heatihg load, and mass production in
the construction of heating networks.

In 1976 on the basis of combined production of electrical
and thermal energy at general purpose HPP's a standard fuel
saving of 30 million tons was obtained, which is about 11% of
the total fuel consumption on production of electrical energy in
the country.

Due to the development of cogeneration and to genera} pro-
gress in the energy field, in recent years the USSR has become
one of the leaders among the industrially developed countriés of
the world in the level of thermal‘economy of electrical energy
production.

In 1977 the mean specific consumption of standard fuel (net)
on production of electrical energy was 334 g/kWh, which corresponds
to a (net) efficiency of 0.37.

The development of cogeneration in the USSR is favored by
improvement of heat supply systems and mass production in heat
line construction.

In the USSR we have developed mass production designs'for
heat lines in monolithic sheatﬁs 6f reinforced concrete,
phenolic Poroplast, asphalt-perlite and other materials,
permitting a significant decrease in material and labor costs

for construction of heating networks.
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stations in 1960-1976.

Development .0f cogeneration from general purpose

.

Installed electric and
thermal capacity

——— e — e BB . GE C10

Established electrical
capacity of cogeneration
turbines

Production of electrical
energy by cogeneration
turbines

Prodiuction of electrical

energy in the cogeneration
mode

Propbrtion of combined
production of electri-
cal energy at HPP's

Heat output from HPP's

Including exhaust heat

Specific combined pro-
duction of electrical
energy per unit of
used heat

arbitrary
units ' .

Units 1960 I965 I970 1975 1976
million kW II,9 23,7 36,9 49,I 52,1
arﬁig::"y I,0 1,99 3,I 4,14 4,4
billion kWh '
yr 66 I35 I95 25 271
A 1,0 2,08 2,9 3,8 4,1
illion kWh
? llyr PAN 56 I06 158 I74.
aﬂﬂ{:ary I,O' 2,62 5.0 705 ‘ 8’3 ..
%% 32 40,8 54 - 61,7 64,4
billion 6J o 6I I,29 2,14 2,65 2,9
yr
Thaire” 1,0 2,12 3,5 4,35 4,75
P 0,5 1,06 1,7 2,3 2,5
arbitrary I.O 201 3'52 4'6 590 :
- units .
0,I5 0,188 0,2I5 0,247 0,252
kWh 41,6 52,1 59,6 68,5 70
GJ
kWh 174 2I8 250 288 293
Gecal . )

1,0 1,25 1,43 1,64 1,68
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Figure 1. Ideal cycles of thermal power stations in a T-S-diagram:

a--condensation,
b--cogeneration.
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Figure 2. Specific combined production of electrical:-enhergy on the
basis of heating demand. Initial steam parameters ahead of~turbine
1--P = 3.5 MPa, t = 435°C; 2--P = 9 MPa, t = 535°C; 3--P = 13 MPa,
555°C; 4--P = 13 MPa, t = 540°C, t,g = 540°C; 5+-P = 24 ‘MPa, t = 54
tys = 540°C (rs = reheated steam).
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Specific fuel consumption (net) at USSR Minenergo Power Stations
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240 .
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Year

Specific fuel consumption (net), g/kWh

Figure 3. Specific fuel consumption (net) at general purpose thermal
power stations. Broken lines--estimated. 1--mean for all HPP's; 2--mean
for all condensation power stations; 3--mean for all thermal power stations.
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A cogeneration power station (heat—and—powér plant [HPP])
is a complex technical installation for conversion of the poten-
tial energy reserves of various organic fuels to thermal and
electrical energy.

The present report will examine only HPP's based on the
steam-power cycle, which are widely used in the Soviet Union,

and-will not mention steam-gas, gas turbine and other HPP's.

HPP-power stations with useful removal of heat

As is.well known, for a steam turbine condensation power
station the most significant loss of fuel energy in the contin-
uous process of conversion of heat to work, due to the second
law of thermodynamics, is the loss of the "cold source". For
modern energy installations operating on the Rankine cycle with
regeneration the thermal efficiency is 40 to 50%. Figure 1
shows the Rankine cycle in a TS-diagram. The area lying under
the curve 3-3'-4-5-1 measures the quantity of heat supplied to
the working body. The area lying under line 3-2 measures the
guantity of heat given off to the "cold source". The usefully

utilized heat of the condensation cycle is shown by the area of

the figure 1-2'-2-3-3'-4-5-1. The heat loss "in the cold source",

- unavoidable in the production of electrical energy on the conden-

sation cycle, may easily be used for heat supply purposes. The
process of combined production of electrical energy and heat is
termed the cogeneration cycle. AIn this case the heat of the
spent steam is practically utilized.

However, the users can utilize this heat only if the heat
carrier is at a sufficiently high temperature, necessitating an
increase of the pressure of the spent steam.

The cogeneration cycle is shown on Figure 1 by the outline
1-2'-2-7-6-3-4-5-1.

Here the heat going for production of electrical energy 1is

shown by the area of the figure 1-2'-3'-4-5-1. The heat utilized

by external users 1is shown by the area 3-6-7-2-3.

The decrease in the production of electrical energy during
operation on the cogeneration cycle is measured by the area

2-2'-3'-3-2.

e
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The cogeneration cycle uses special types of steam turbines,
which are termed cogeneration turbines: these are turbines with
regulated cogeneration cycle is measured by ﬁhe area 2~2'-3'~
3-2. _

The cogeneration cycle uses special types of steam turbines,
which are termed cogeneration turbines: these are turbines with
regulated cogeneration and production steam bleeds (type T and
PT) and turbines with back pressure (tybe R) .

Technical-economic calculations show that the degree of
useful utilization of fuel at HPP's is more than 2 timés greater
than at condensation power stations due to the significant de-

crease of losses in the "cold source".

Cogeneration turbines

HPP's are divided into two groups by purpose and turbine
equipment installed - pure heating and industfial-heating HPP's,
which provide industrial process steam in addition to cogenera-
tion. Turbines with a production steam extraction are installed at
HPP's with consideration of prolonged use of this extraction during the
year. Turbines with back pressure are selected to cover the base load
demands for industrial steam and residential heat.

' HPP's use hot water and steam as the heat carrier. The

pressure of steam . utilized by external users should be minimized

~in order to provide the greatest combined production of electrical

energy. |

The pressure in the regulated bleeds and the back pressure
0f cogeneration turbines is chosen in accord with the state stan-
dards and is shown in Table I.

The efficiency of cogeneration is determined by the quantity

of electrical energy production based on heat consumption, depending

only on the initial turbine steam parameters and the steam pres-
sure in the bleeds.
Table II shows the main types and characteristics of the
largest cogenefation turbines produced by factories in the USSR.
The type of cogeneration'turbines for HPP's is determined
by the nature of the heating loads. The proportion of heating
load handled from the turbine bleeds is characterized by the

cogeneration coefficient. For heating HPP's the calculated
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cogeneration.coefficient is the ratio of the calculated heat
consumption from the turbine.bleeds to the assigned calculated
total HPP loaa for heating,‘ventilation and hot water supply.

- The optimum value for the calculatcd c¢ogeneration cueflficient
depends‘on the nature and conditions of heat demand, fuel costs,
requirements of the power system for HPP operating conditions, the
initial steam parameters and other factors.

The calculated cogeneration coefficient 1s a very important
parameter, determining the choice of the equipment and the operat-
ing conditions of the heating HPP (the electrical capacity of the
HPP, the yearly numbcr of hours of utilization of the thermal
capacity of. the bleeds, and consequently the proportion of pro-

duction of electrical energy on the cogeneration cycle).

Technological plans and equipment of HPP's

Modern cogeneration turbines with heating bleeds are charac-
terized by staged heating of the network water successively in two
network preheater stages, supplied with steam from two heating
bleeds with an expanded bleed steam pressure regulation range,
and also by the possibility of using the heat of the steam
going to the condenser for preheating of the return network
(first heating stage) or make-up (raw) water in the so-called
"fixed bundle" of the condenser, with the main cooling surface

0of the condenser disconnected.

The use of "fixed bundles" permits operation of these units
in the most economical mode for a significant part of the heating
season without loss of heat in the turbine condenser. Fixéa
cogeneration bundles are used most effectively at HPP's operating
in heat supply systems with direct water collection, having a '
greater quantity of make-up water.

HPP's use various types of boiler units with steam output
of 220 t/hr, 400-500 t/hr, and 1000 t/hr, depending on the type
of turbines installed, the type of fuel burned and the heating
plan used. a . -

The heating plans of modern HPP's may have cross connections
for live steam and feed water or be of the strict block type.
HPP's with intermediate superheating of steam use singleleock

plans (boiler4turbine), (for example a number of large HPP's
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in Mos¢ow, Kiev, Leningrad and Khar'kov). HPP's without steam
superheating with a predominantly heating load generally use
these single-block plans (for éxample HPP-2 in the city of Rostov
and Severnaya HFP-2). HPP's without superheating with a pre-
dominantly steam load use plans with cross connections and block
plans. The use of block plans permits a decrease in cost
and simplification of the operation of the technological part,
a decrease in the amount of construction due to simpler layout
designs, and a/decrease in the number of service personnel.

Often a characteristic feature of heating HPP's is the
fact that they have water-heat boilers with heat outpuit of 50,
100, and 180 Gcal/hr to cover peak heating loads. Energy con-
struction experience shows that in many cases it is favorable
to install and put into operation water-heat boilers before read-
iness of the energy boiler and turbine equipment. This "advance
introduction" plan permits timely handling of rapidly growing
heating loads of new residential developments and avoidance of

unproductive expenses for construction of small boiler statiorns.

After start-up of the HPP turbines these boilers are trans-
ferred to operation in their design mode as peak units.

The HPP electrical schedule is dependent on the heating
load conditions, but due to connection with the power system
this operational feature of the power station is not reflected
on the main electrical circuit.

' Industrial HPP's are characterized by distribution of a-
significant part of the electrical energy at the generator
vdltage of 6-10 kV, since there are many electrical energy users
in the vicinity of the power station.

For transmission of excess capacity or generator voltage
users' reserve distribution devices of 35, 110 and 220 kV (less
often 330 kV) are used.

In the increase of the efficiency:of cogeneration power
statiéns a significant role 1is pléyed by the capital investment
for their construction, especially when the HPP's are lqcated
within cities, which imposes strict requirements for environmental °
protection, culture of production and industrial esthetics.

The attehpt to increase HPP efficiency necessitates a search for

new optimal designs: improvement of the layouts of HPP general
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plans, main buildings and equipment of the auxiliary shops,
simplification and reducéd cost of structural members, improvement
of external heat supply equipment and modernization of heating
plans. ‘

Up to the present time several types of gas-mazut-fired
HPP's have been built, differing both in the inventory of equip-
ment on the general plan and in the layouts of the general pians
and main buildings.

Of these the most modern are:

HPP-2 in the city of Rostov - a Teploelektroproekt VGPI
préject. The auxiliary shops and services are not unified, and
are located in separate buildings. The main building is single-

span. The heating plan is of the block type. The Rostov HPP-2

is equipped with a compact gas-tight boiler with cyclone furnace
with steam output of 500 t of steam per hour. The total span

of the main bﬁilding is 51 meters. The electrical accommodations
are located between the boiler and turbine, and partially between
the turbines on individual supports. The unit control panel is
built on from outside.

HPP-ZIGM - a pfoject of the VNIPIEnergoprom Institute. A
large part of the auxiliary shops and services are unified in a
combination auxiliary building. A two-span main building with
standard boilers has a deaerator level built into the boiler
division. The deaerator level is not connected to the
operation of the HPP main building frame, and this plan led to
increase of the boiler division span and to heavier columns. The
thermal plén has cross connections.

The VNIIPIEnergoprom institute successfully solved the
problem of unifying the design and equipment of cogeneration
power stations with PT-60-130 and T-110/120-130 turbines with
boiler units with steam outpﬁt of 420 t/hr.

The Severnyi HPP-2 - a project of the Riga division of the

Teploelektroproekt Institute. The project has now been used for
five HPP's of which the Severnyi HPP-2, with PT-80/100-130 and
T-110/120-130 turbines and boiler units with steam output of

500 t/hr has been built and 1is operating successfully. At these
HPP's the project provides for installation of type T, PT and

R turbines with capacity from 50 to 210 thous. kW at turbine steam

parameters of 130 kg/cm2 (13 MPa).
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The general plan of the Severnyi HPP-2 is based on maximum
unitization of all the buildings and equipment of the site with
separate autonomous technical processes. In the combined main
building of this HPP is the méin energy eguipment - the turbines
and bouilers (the energy part of the combined main building) and
various auxiliary shops and services - water heat boilers, pump

stations, chemical water treatment, central repair shops, flotation

unit, etc. (the auxiliary part of the combined main building).
The cross section of the combined main building is in the form of

a three-span frame with the dimensions:

machine hall 39 meters;
deaerator level ‘ 7.5 meters;
boiler station 30 meters
column .spacing 12 mecters

and on the boiler side adjacent to the combined main building
is the "open area", with the regenerative air preheaters, ven-
tilators and exhausts (when necessary).

The machine hall and deaerator station are made without a
basement, service height 12.0 meters with respect to the height
of the condensation station of 0.00 meters.

The energy part of the combined main building is built up
of unified technological construction sections, the boundaries of
which afe the structural axis of the building.

In the auxiliary part-in the boiler division at the 8.00
meter level are the water-heat boilers, under which are the -
first and second 1lift network pumps; the neutralizer and sedimen-
tation tanks with pump equipment under them are in 2 levels.

At the temporary end of the auxiliary part of the boiler
division is a complex of equipment for treatment of grease-
containiné water from the collector of the heating networks.

In the auxiliary part of the machine division are the water
treatment filters in three levels and the maintenance and
repair shops. Along the front wall of the machine hall are the
chemical water treatment clarifiers, under which is the pump
equipment.

The auxiliary part is built up of standardized technologi-

cal units.
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“Thé;eQuibméﬁt“fbr”récq;ying of lime, coagulant and other
reagents, fhe cdmbfessﬁ?,sfétion, eiectrolyzer unit, forging-
thermal equipment division of the maintenance service, scales
and garage, whiéh cannot be located in the main building for
reasons of explosion safety and for sanitary-health reasons
are in a separate building - the auxiliary services unit (ASU)
located near the combined main building in the stack area.

The main building~uses a ventilation system combined with
. the preheating of the blower air entéring the boiler division.
The heat elimination from the equipment and pipe systems is'
assimilated by the ventilation air and is fully used on outside-
the-boiler preheating of the bloWer air. The use’of this design
permits a 5-7% increase in the efficiency of the most advanced

"HPP's built in accord with the designs briefly outlined above.

Many problems remain to be solved

In fhe direction of decreasing capital investment in heat
elimination systems and heatiné networks work is being done on
channelless laying of pipe systems, mass producﬁion techniques
in heat network construction and use of nonmetallic piping.

Further improvement of the efficiency of cogeneration power
stations is being made: .

- Develbpment'of a series production power station design
using solid'fuel with consideration of various physicochemical
éroperties of a wide range of domestic coals;

- Widespread development of compact boilers with cyclone
furnaces; tested at the Rostov HPP-2 during burning of mazut
fuel o0il. In addition to decreasing the amount of construction
work and the capital investment, the use of these boilers elimi-
nates the necessity for heavy assembly. '

- Improvement of structural designs and equipment, technolo-
. gical systems and layouts to decrease the area, volume and con-
sumption of materials, as well as labor costs during construction
and installation;

- Standardization of the elements of technological and
electrotechnical equipment and pipe systems to provide large-scale

manufacture of fully completed installation units.
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De51gn institutes and other organlzatlons of the energy
field ‘are carrying out operations in many ‘directions to search
for new de51gns providing high HPP eff1c1ency ‘and meet the grow-'
ing demands for the welfare and culture of the population of our
country. ‘ ' '
TABLE T
Rated Pressure, kg/cm2 : Pressure regulation limits,
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. > 1 Ty ““.',ﬂ.“’w‘.“
of regulated after turbine : - °f regulated after turbine
bleed (back préssure) : bleed i (back pressure)
., L ,
i TATIES VNG W i 47 AT AR S VI e -
1,2(0,118) ' 1,2 (0,118) 0.6-2.5(0.359-0.245) o6 o
. 55-0.246)

10 (0,98) | 10 (0.98) 8-13(0.786-1.28) 21340, 706~
: : el o

I3 (1,28) I3 (1,28) 10-16(0. 1-1.573) ,m-'-xegg.s‘ex-'-
- 16 (1,47) - - | ’1_’57 ')
o | | o g:-gsx.za—.

i ) s ran



Turbine

I

T-100/120-130

T-P5/210-130
T-250/300-240
PT-60/75-130/13

PT-80/100-130/13

PT-135/165-130/13

R-100-130/15

city, MW

110

-

Rated capa- Live steam Live steam Raied con~-
pressure, temp. , sumption
ks/cmz °c of live
(MPa) steam,

t/hr

3 4 5

& ¢] 566 40
(12,7%8)

30 §65 745
e '
240 560 965

(23,84) . ;
130 85635 3%0
(12,78)
565
(2w
586 750

B

&85 760
(i?;"')

- o")

PR iy Mo, I Lo, S
’ tion bleed, duction
Geal/hr b}:ed.
Cogenerat fon Produce (GJ/hr) t/hr
. bleed P
———— . bleed
Preheat Preheat
stage 1| stage 11
0,5=2,0 0,6=2,5 - 7% -
(0,049~ (0,069- ) (,’sx.e)
0,248) «0,248)
0,6-2,0 0,6=3 - bt ) -
(0,043~ (0,069~ (1160) -
p.l”) <0,294) .
o.&xis o.“ - ) 30 -
(1382,7)
0,7« 2,6 I0=16 - 140
0,069-0,248) (0,98 (27,9
( * 1} ’ (‘-131;;) ( . )
O &8 e By - *
(% 888 ¢ (0
- d,008) <B,245) -1,67)
0,4=I,2 0,9-2,6 I[2-2 IIO0 320
0 (L, 18~
Qo Ol Ul 1ee0ns
- - -6 - 680
(118~

Table II.

Rated load Number of re-

generative
preheaters
igh 1w
pres- pres-
sure¢ sure
i R
3 4
k] 4
3 ]
3 4
3 4
3 4
3 -

No. of cylinders

%)

Feed water temperature,

I4

15 16

23¢2x  22X0

x2

242 25000

y 3

24209 225000
K¢ -
1 =W
2% 2xI300
I3 -

Cooling surface arca
ol condenser, me

3

23100

§

g

§



. N

.
NN
RN AN

4
v,

i,

AN

\ W/

N\

AN

N,

/.,
A0
,/
.\
AN
SN\

\

\
T

/:
.//

N\

. /./
x///

N / N
RN NS
ﬂ/ ﬁ ////////////

T Gt S CE—— G—— —— S, ey  S—

L.

//%m/ 3
\ / /// // / .
N N\

w

[Ta]

N ///,
/,%///V N

S, kJ/kg



36

E¢, kWh/GJ . 4 . o
260

- 240 1

220 |

v

200 1
1eo |
%0 $

120 |

v

100 ¢

8}

ty, *C
Py. kPa

201 } bleed parameters 1

&
’

«0

e
A

8}
8t

160 180 200 ty,°C

241 3t
31.81L
48,3+ 8.; 4

431

-
& ¢

2.6
2021
7.4 1
10331
1%46.0 1
4850
16300
80801

10200
1280,0 ¢+
1590,0 ¢
19500 ¢
P, xpal

Figure 2.




37

Plan of main building
of Severnaya HPP-2
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Cross section of main building
of Severnaya HPP-2
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Cross section of main

building with compact boilers

*This appears to be lanned conpact boiler
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Notes

The report covers aspects of planning, construction and
operation of centralized heat supply systems.

In the planning, construction and operation of centralized
heat supply systems in the USSR work 1s now being performed on 4
a number of problems:

- Combined opera;ion of several sources on common heating
networks; )

- Optimization of hydraulic conditions;

- Single-pipe transport of heat;

- Protection of underground heating pipes against external
corrosion; .

- Adoption of channelless laying of heating networks;

- Improvement of structural elements and equipment of heating
networks; .

- Improving economy and reliability of heat supply systems.
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DESIGN, CONSTRUCTION AND OPERATION OF CENTRALIZED
HEAT SUPPLY NETWORDS

The centralized heat supply used in the USSR, especially
cogeneration, based on large heat-and—powef plants (HPP's),
requires acceleration of operations connected with development
of heating networks and increase of the capital investment on
their construction.

The increase in the size of heat sources leads to increasing
distance between the source and the connected users and to
increase of the radius of operation of the heating networks.

This is also a result of stricter requirements for environmental
protection and the difficulty of aéquiring the necessary sites
for construction of large HPP's in municipal areas. All this
nccessitates the location of HPP's outside the area of municipal
development.

The capital costs on.construction of heating networks
reach 70-80% of the total costs for construction of centralized
heat sources and 40 to 50% of the costs for construction of
heat-and-power plants. ‘

Under these conditions further improvement of centralized
heat supply systems requires significant improvement of the
circuits, structures and opérating conditions of heating networks
in order to reduce their cost aﬁd consumption of materials,
improve the construction methods and the operating reliability.

At the present time in the USSR a number of HPP's are in
operation with unit electrical capacity to 1300 MW and with
design heat output of 4000 Gcal/hr. The electrical capacity of
newly designed and constructed HPP's reaches 1500-2000 MW with
a calculated heat output of.up to 5000 Gcal/hr.’

" The trend toward increase in size of heat sources and the
forced increase in distance between the sources and the heating
loads put forward the problem of using existing condensation power
stations (CPS) and nuclear plants for municipal heat supply by
modification of their equipment, and also creation of heat sources
for heat supply of several populated areas. The development oﬁ
new heat supply systems with nuclear heat sources - nuclear HPP's
(NHPP's) and nuclear boiler stations (NBS's) is one of the important

problems at present.
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Increase of the distance of transmission of thermal energy
puts forward .the problem of improving the operational reliability
of heating networks and heat supply systems as a whole, since
failure of a main of large diameter will lead to disconneclLiui
of a large number of connected users, and the great length and
capacity of the heating pipes increases the duration of operation
to correct failures. The diameters of the heating mains being
constructed at the present time reach 1400 mm.

The radii of operation of certain heating networks exceed
30 km.

As a rule, healing network systems are assumed to be two-
pipe dead-end systems or radial systems.

Water heat networks are usually designed to be common for’
all types of loads' (heating, ventilation, air conditionihg, and
hot water shﬁp%y).

Heating pipes with design heat consumption of 3000 Gcal/hr
and over  are provided with a reserve.

Most widely used in the USSR is underground laying of heating
networks in impervious channels, the proportion of which is
about 80%. '

In large cities through channels are used in laying ‘of
heating networks, in which other engineering communications are
also located (water lines, electrical cables, communication
lines, etc.). The majority of channels for heating networks
consist of industrially manufactured prefabricated reinforced
concrete elements. '

The volume of channelless laying is about 6%. The most
widely used.channelless laying designs are laying in asphalt-
perlité (pipes with diameter to 500 mm) and reinforced foam

concrete (pipes with diameter to 1000 mm).

Underngund laying is used mainly on transit segments ﬁhrough
undeveloped'territory,'and also in passing through the territory
of industrial enterprises and at complex intersections with
natural or ‘artificial obstacles. - ‘

In conhection with the increase in size of heat supply
sources and the movement of large HPP's outside of cities the

extent of underground laying is increasing.
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.In centralized heat supply systems for heating, ventilation,
conditioning, hot water supply and low-potential industrial
loads the heat carrier used is water.

In the USSR two different heat supply systems are used and
are equally dcveloped: the opén éystem with direct introduction
of public network water for hot water supply, and the closed
system, with installation of hot water preheaters at central
or individual heating points of users.

The open system is used when it is possible to provide the
heat source with water of potablé quality to the full extent
necessary for user hot water supply.

With open systems there is significant simplification of the
equipment of the heating points, since there is no necessity
for hot water heaters, organization of central heating pnints or.
for four=pipe laying of branching heating networks. The open
system permits solution of the problem of single-pipe transport
of heat. With the open system there is no internal corrosion
in the hot water supply systems, since the make-up water 1is
subjected to deaeration and the necessary treatment.

The operation of open systems requires increased attention
to the guality of the water entering the heating network and
maintenance of the hydraulic-conditibns.

Regulation'of the heat output in water-type heating net- o
works is usually accomplishea by the gualitative method, providing
change of the temperature of the network water depending on |

the outside temperature.

The most widely used temperature schedule is 150-70°C.
The optimum operation schedule is determined by technical-eco-
nomic calculaﬁion for each given object. ,

At a design heat consumption in the heating ﬁetworks of
600 Gcal/hr and over telemechanization of the heat supply system
is provided (remote signaling, control and measurement and dis-
patcher»communication). | | :

. Centralized heat supply networks are designed on the basis
of an approved heat supply plan of the city or industrial center
(TEO). The heat supply planvis‘develbped for a design service
life of 10-15 years separation of the first line of construction

for a period of 5-7 years. The plan résolves the main questions
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concerningvheat sources, fuel, and layout of heating networks
on the basis of technical-economic'calculations, and determines
the total capital investment in the heat supply system.

Heating networks are usuaily'designed in a single stage - the
technical work project. Design in two stages - technical project
and working plans - is allowed for large and complex objects.

Centralized heat supply network projects make wide use of
' standard, widely used economic individual projects, and standard
structural members of high factory readiness.

In the USSR heating netwdrk designs have been created
allowing ful; mass production of their equipment.

At the present time in the practice of design, construction
and operation of centralized heat supply networks work is
being done on a number of problems, among which are: improvement
of the économy and reliability of large heat supply systems;
combined operation of several sources on common heating networks;
optimization of the operating conditions of the heating networks;
finding ways to decrease the consumption of metal on heat trans-
port systems; single-pipe transport of heat from HPP's, CPS's and
nuclear sources outside of cities; improvement of channelless
laying of heating networks; improvement of structural elements

and equipment of heating networks.

Combined operation of HPP's and regional boiler stations on

common heating networks

The development of the majority of heat supply systems
begins with the construction of boiler stations, and only sub-
sequently, with increase of the heating. loads to levels justifying
the construction of an HPP, is the system transferred to co-
generation..

In industrial centers, boiler stations are .usually located
directly on sites set aside for construction of HPP's and are
built as peak sources of heat for these HPP's.

In cities, where for territorial, architectural; health and
other reasons it is difficult to construct HPP's and they are
moved outsidg'of the cities, advance construction of regional

boiler stations is performed directly in the heat demand regions,
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since location of them on the territory of the future HPP's
requires advance construction of long heating networksf

Staged development of heat supply for cities using ekisting
and newly constructed large boiler stations in the heat demand
regions in the beginning as the main sources of heal [oullowed
by conversion of them to peak sources and conversion to cogenera-
tion provides:

- The best correlation of the schedules for introduction of
heating capacity of the heating sources and of the users of heat
energy without idling of capital investment and unproductive
costs for construction of temporary boiler stations;

- Decrease of the capital investment for construction of
heat transmission networks between the HPP's and regional boiler
stations and the consumption of electrical energy on transport
of the heat carrier due to the possibility of using high tempera-
ture schedules for regulation of the heat output without actually
increasing the design temperature of the heat carrier in the transit

heating pipes;

~ A high degree of reliability of the heat supply system
due to the location of not less than 50% of the heating capacity
of the heat sources directly in the heat demand regions, espec-
ially in open heat supply systems, where in an emergency situation
it remains possible to supply the design mean hourly water flow
for hot water supply from the HPP; .

- Rapid reaching of the design technical-economic charac-
teristics by the energy equipmént due to timely preparation of
the heating loads and construction of heating networks.

Regional and large industrial-heating boiler stations '
built in a city should be designed with consideration of their
subsequent use in the cogeneration systems and should be located
on the track of possible directions of heat transport from the
HPP's.

Improving the reliability of heating networks

The increase in the reliability of large centralized heat
supply systems and improvement of their operating conditions
result in a sharp division of the heating networks into main line

and distributive parts. This division may be accomplished on




connection of'q;stribution networks to ma;n lines through reg-
ional héétind'boints (RHP's) . .
The heating load of regions connected using RHP's is chosen

té be 40-60 Gcal/hr. The RHP's are equipped with metering and
| mdnitoring inétruments,‘automatic regulation and remote control
equipment, ahd circulation and make-up pumps for creation of
autonomous circulation in the distribution network and make up
for the distribution network on emergency disconnection. When
necessary the RHP's are also equipped with mixing and booster
pumps, making it possible to maintain hydraulic and temperaturc
conditions different from the operating conditions 'of the main
heating pipes in the distribution networks.

Distribution networks from RHP's should usually be of the
two-pipe dead-end type. It is recommended that each user be
connected to the distribution network through individual heating
points (IHP's), and a dependent or independent plan be used
depending on the height of the building and the layout of the
distribution network.

Increase of the size of connection nodes and creation of
RHP's simplifies organization of the monitoring and control of
the heat supply system, since one main with heating load of

about lOOO.Gcal/hr will have a total of 20-25 connection nodes.
| When a region has two or more mains it is recommended that
they be joined by reserve connectors, providing heat service
for the majority of users during an emergency situation in

the heating network mains.

A distribution network reserve is usually not provided,
since the.pipe systems do not exceed 300 mm in diameter and any
failure can be corrected in a few hours. Users who do not permit
even brief disconnection of the heat supply (hospitals, child

care, etc.) should have their own reserve heat sources.

"Optimization of the heat output regulation temperature schedules

One method of decreasing capital investment on the con-
struction of heatiﬁg networks and operational costs on transport
of thermal energy is increase of the heat output regulation .

temperature schedules.



49

The optimum temperature schedules are calculated on a
computer. ‘ SRR

Increase of the design temperatures in the feeder pipes
from 150°C to 180-200°C leads to decrease of the capital invest-
ment in the heating networks from 2 to 30% depending on a number
of factors: ’ ‘ '

- The length of the transit heat pipes;

- The design heating load and its density;

- The heat supply system (open or closed), etc.

Increase of the temperature schedules necessitates an
increase in the cogeneration bleeds of the turbines, and
in @ number of cases to use of the steam of industrial bleeds
with a corresponding decrease in the production of electrical
énergy on the heating demaﬁd. Depending on 'the type of turbines,
the heat supply system and the proportion of the hot water supply
load the yearly fuel loss for each 10°C of increase of the design
temperature of the network water is from 2 to 6 tons for each
Gcal/hr of connected heating load.

Increase of the heat output temperature schedules also
causes a decrease in the available capacity of the HPP and of
the yearly output of electrical energy, which requires correspond-
ing compensation in the power system. The optimum water tempera-
tures should be chosen in each individual case on the basis of
technical-economic calculations with consideration of all local
conditions. .

Increase of the design temperatures in the feeder pipes
to 170-190°C proves to be economical in many regions of  the
country with a length of the transmission heat pipes of:over
6-8 km.

Single-pipe transport of heat

The widespread adoption of open heat supply systems in the
USSR with direct selection of network water for hot water‘supply,‘
as well as increase of the proportion of hot water supply. load
in the total heating load create favorable conditions for organi-
zation of single-pipe transport of heat. Conversion to sihgle—
pipe transport of heat, eliminating return of the heat carrier,

will permit a sharp reduction of the consumption of materials
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for heating networks and the capital investment on their construc-
tion, decrease the consumption of electrical energy and increase

the total efficiency of the cogeneration systems.

An invariable condition of use of single-pipe transport
of heat is provision of a balanced flow of network water for
heating-ventilation needs and hot water supply for users, exclud-
ing loss of water and heat with wastes.

Waste-free operation may be achievedAby finding possibilities
for transfer of excess network water to other heat sources;
increase of the temperature of the network water at the HPP
outlet; and decrease of the proportion of heat produced by the
base heat supply source, i.e., reducing the cogeneration coefficient.

A balanced flow of network water in the region itself (with
a single heat source) may be achieved only in the southern regions
of the USSR, where the proportion of the hot water supply load
in the total heating load reaches 0.33. Here the temperature of
the network water in a single-pipe ma;n under the design condi-
tions should be 200°C.

Single-pipe centralized heat supply systems with balanced
flow of network water may be used in practically any region with
use of cogeneration, when the main heat source (HPP or CPS)
is located at é significant distance from the users and the peak
sources are located directly in the heat demand regions. Here
only the connecting (transit) mains between the main and peak
heat sources are single-pipe, and the heating networks from the
peak heat sources to the users are two-pipe. 1In this case
balancing of the water flow is achieved by increasing the heat
output regulation temperature schedule.

In practicality of using single-pipe heat transport systems
in given objective situations should be based on the necessary
technical-economic calculations, performed with consideration of

all local factors and construction conditions.

Improvement of channelless laying of heating networks

The use of channelless laying permits approximately a 50%

reduction in costs on construction operations and a 25 to 40%

decrease in costs for construction of underground pipes with a
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51multaneuub reductlon of construction labor costs by not less
than a factor of 2 or 3. _‘f"‘ ‘ |

The greatest economy is provided by conversion to hbnchannel"
laying of branch heating networks with a standard diameter of less
than 300 mm. Conversion to channelless laying also permits an
acceleration of the installation of heating networks due to
simplification of construction-installation operations under the
cramped conditions of municipal development.

In the USSR we have over 40 years of experience in channel-
less laying. 1In 1930-1950 a significant part of the heating
networks were laid channelless.” However, due to a number of
deficiencies in construction the extent of channelless laying
decreased in recent years.

At the present time the main channelless laying designs of
heating networks are designs in asphalt perlite and relnforced
foam concrete. -

Channelless laying designs with thermal insulation based
on asphalt-perlite provide a decrease of the initial costs for
construction of heating networks of up to 35-40%. This design
was widely used in many cities and rural areas. In the ninth
and tenth five-year plans the national economic efficiency of
conversion to channelless laying of heafing networks served as
the basis for construction of about 70 technical lines. A defi-
ciency of this design, based on the use of high-melting asphalts
with thermal insulation filler, is the high sulfur content in
the asphalts used, having the property of aging'and forming
cracks, which permits corrosion of the outside surface of the
pipes énd does not provide the design service life of the heating
network. This design can be improved by improving the temperature
stability of the asphalt-perlite, preliminary anti-corrosion

protection of the pipes, and providing good sealing and strength

of the covering water resistant layer, applied in the form of
a continuous polymer sheath 3 to 4 mm thick.

Since 1949 Leningrad has been using a design for channelless
laying of heating networks of autoclave-type reinforced foam
concrete.

Due to the possibility of mass production and due to its
economy this design has practicallv replaced all other methods

of underground laying of heating networks in Leningrad, proViding
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a decreése in: the capital investment of up to 20-25%, especially .
on heat pipes - of large diameter from 300 tO'lCOO mm. On heat
pipes of smalier diameters the decrease in costs on construction
of heating networks was 5 to 7%. A deficieﬁcy of this design

‘is the hydrophilic nature of the foam concrete and the structure
as a whole, 1in spitewof the presence of a three-layer water
resistant coating (of Izol or Brizol) and the asbestos-cement
plastering. This'is explained by the corrosion of the pipes,
especially at sites of passage of the heat pipes through walls
and on the adjacent segments. Anothef'deficigncy of this design
is the high initial costs for conétfubtion'ofvthe production base,
which with poor transpoftability of ‘the insulated pipes limits
the zone of practical use of the design to large cities with a
large amount of construction of héating network mains.

The USSR is also developing and hsing other types of non-
channel laying designs: asphalt-Izol, asphalt-porous clay filler-
concrete, phenolic porous plastic, etc., however, these designs
have not yet been widely used.

.

Improvement of heating network designs

Work to improve heating network deéigns is underway in the
USSR in a number of directions.
The main material used for transport of thermal energy is me-

tal, the economy of which is of particular national economic importance.

The use of pipes of low-alloy steels with reduced wall thickness
on main lines alone will permit a decrease in the consumption of
metal by 15-20% without increasiné capital investment for
construction.

A decrease of the ﬁetal consumptioh of heat pipes results
frd@ the adoption of nonmetallic pipes (asbestos cement, plastic,
etc.) in distribution heating networks of diameter up to 200 mm
at heat carrier temperatures up to 100°C, and also in hot water
supply systems.

The use of enameled pipes for heatiné networks significantly
increases the service life of the heating networks and the
reliability of the heat supply systems, permitting elimination
of a number of measures directed toward increase of the reliability

of heat transport systems.
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At the present time work is underway toward widespréad
use of lens expansion pieces - in place of N-shaped and packing
expansion devices in heating networks. The replacement of Il-
shaped expansion devices with those of the lens type, in addition
to decreasing the consumption of materials and the capital invest-
ment in the heating networks by up to 10%, will provide a decrease
in the consumption of electrical energ& on pumping of the heat
carrier by up to 25-30% and will simplify the laying of heating
networks under the close conditions of cities.

An improvement in the existing designs of channel laying of
heating networks is made in the direction of increase in the mass
production of the individual elements with conversion to large-
unit installation of factory ready units.

Underground laying makes wide use of designs on a pile
foundation, low laying at a height of up to 1.2 meters above the

ground, and roller and ball supports for the pipe systems.

Operation of heat supply systems

The organization structure of heating network operation in
the USSR varies and is largely dependent on local conditions - the
size of the heat supply system, its ownership, the nature of the
heat users and other factors. From the operationai,point of view
heat‘supply systems may be divided into 3 groups: |

The first group includes heat supply systems from city
block boiler stations with water-heat or steam boilers. These
systems are usually fully serviced by residential_organizations.

The second group includes associations of city block and
regional boiler stations and the heating networks from them,
controlled by the same management. .

The third group includes heat supply systems from general
purpose HPP's or industrial HPP's. 1In this case the HPP's and
the héating networks from them are serviced by various USSR
Minenergo power system.enterprises. The heating hetwork operation
enterprise, receiving thermal energy from the HPP, proVides .
transportation of the energy through external networks, distri-
bution to the heating points of the users and moﬁitoring Qf its
use. The release of the heat is performed in accord with agree-

ments which stipulate the mutual obligations of the parties.




54

Normal heat supply is possible only with strict observation
of the hydraulic conditions of each of the users.

In large heat supply systems there 1is usually a two-stage
dispatcher control plan - a central dispatcher point and a re-
gional dispatcher point. Monitoring of the operation and con-
dition éf the equipment in the users' installations is provided
through combined dispatcher points (CDP's), subordinate to the
residential organizations. 1In this case from one point (CDP)
monitoring of the operation of several tens of subscriber heating
points is organized.

Within a large municipal operational organization there
are usually several operational regions. The main problems of
the operational region are: organization of observations of
the technical condition of the networks, prophylactic maintenance
on.them, distribution of circulating waterito subscribers éhd
monitoring of its use.

In accord with these problems the operational region should
have an on-duty service and maintenance and operational personnel.
The performance of large-scale maintenance operations involving
laying of underground pipe systems is usually accomplished
either by specialized construction-insiallationlorganizations

or by the maintenance shop of the operational service.
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INTRODUCTION

The modern stage of'de;elobmeht of energetics in the USSR
and throughout the world is characterized by expansion of its
fuel base by utilization of nuclear fuel for production of
electrical energy.

'Considerihg that at the present time about 40% of fossil
fuel is being consumed for the production of thermal energy,
in addition to the widespread adoption of nuclear fuel for
production of electrical energy, it becomes very important to use
it for purposes of centralized heat supply.

- The development of cogeneration and heat supply on the
basis of nuclear sources is of great interest first of all from
the point of view of replacement of scarce fossil fuel (gas,
mazut, coal) with nuclear fuel. ‘

By 1990 we expect a significant increase in the heat demand.
In structure of heating loads the main type of centralized heat
supply sources continues to be industrial-heating heat-and-power
plants (HPP's) and boiler stations with a load range from 500
to 5000 Gcal/hr; here the majority of these plants will have
a predominant heating load in hot water.

At the present levels of fossil fuel and electrical energy
costs in the USSR it 1s economically favorable in the European
part of the USSR to use nuclear HPP's (NHPP's), beginning with
a heating load in hot water of 1500 Gcal/hr and over and nuclear
heat supply stations (NHS's) in the 600-1500 Gcal/hr load range.

The recent tendency for increase in the cost of fossil fuel,
especially gas and mazut, leads to a decrease in the minimum
heating loads covered from nuclear heat supply sources.

In addition, with significant unit capacities of the heat
supply sources, in addition to the problem of providing them
with fossil fuel, we have the problem of protection of the purity
of the air basin, providing railway transport for fuel supply,
construction of tall stacks, etc. The use of nuclear sources

for heat supply significantly simplifies solution of these problems.

In 1973 the Bilibino Nuclear HPP with capacity of 48 Mw,
the first in the USSR, was put into operation with maximum heat

output of 100 Gcal/hr.
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At the present time preparatory operations are underway
for widespréad use of nuclear energy to cover heating loads from
nuclear HPP's, condensation-cogeneration nucléar power stations
and nuclear heat supply stations. '

Below we examine the main design proposals, selection of
equipment, safety problems and other problems of creating nuclear

heat supply sources.

NUCLEAR HPP's

Proceeding from present operating experience concerning
the reliability and radiation safety of various types of reactors
and their technical-economic characteristics, for nuclear.HPP's
at the level of up to 1990 the installation of VVER-1000 and
VVER-500 reactors is planned.

It is proposed that the composition of the turbine equipment
for NHPP's be chosen in accord with the capacity of the reactors
Qith the possibility of creating reactor-turbine blocks, for
the VVER-500 and reactor-two turbine blocks for the VVER-1000.
These turbines, having large cogeneration bleeds, are not pre-
sently produced by the industry of the USSR.

The special cogeneration-condensation and cogeneration tur-
bines, type TK-500-60 and T-500-60 are being developed. The.
turbines are characterized by the level of the maximum heating
bleed and the minimum steam passage to the condenser.

They have the following characteristics:

Live steam pressure ' 60 kg/cm2
Ratéd electrical capacity 500 thous. kW
Rotation rate © 3000 rpm
Steam consumption to turbine - 3200 t/hr
Maximum heating load _
-for the TK~500 turbine 450 Gcal/hr
-for the T-500 turbine 900 Gcal/hr

Two-block and four-block NHPP's are examined’with VVER-lOOO
and VVER-500 reactors, designed to cover a total heating load
from 1500 to 6060 anl/hr at a cogeneration coefficient of 0.6
(the ratio of the thermal power of the NHPP turbines to the
total heat demand). ) '
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For peak-reserve stations it 1is planned to use existing and
new boiler stations operating on fossil fuel, the yearly
consumption of which here will be about 10-15% of the total
consumption if there were no nuclear sources. .
The variants with VVER-1000 reactors provide for installa-
"tion of two T-500 or TK-500 turbines per block, with VVER-500 reac-
tors for each turbine of the same type in each block.

_The first circuit includes the reactor and a number of
systems, the most important being the following:

- The main circulation circuit,

- The first circuit biowout—makeup systemn,

- The emergency systems for cooling of the active zone and
suppression of the pressure in the sealed compartments of the
first circuit, etc.

' The second circuit includes two turbine units and the
corresponding block systems.

The network heating installation system forms the third
circuit and includes the block system for heating and transport
of the network water and the general station heating network -
make-up system.

The heating of the network water is accomplished successive-
ly‘in two stages by 0.4-2.0 atm and 0.6-3.0 atm bleed steam.

For each TK-500 turbine there are four network preheaters, two
connected in parallel for each heating stage.

Stage I and II network pumps are provided. The pressure

of the network water after the first network pump stége is greater
than the maximum possible pressure of the upper heating bleed,
which excludes entry of radioactivity into the network water on
loss of seal of the network water heater surface.

The reactor portion of each block consists of-a sealed pro-
tective shell designed for full pressure on emergency outflow
of the first circuit heat carrier and a peripheral volume, adjacent

- to the shell, all on a rigid platform base.

The layout of the machine hall is examined with transverse
and longitudinal placement of the turbines.

The equipment layout of a main building with VVER-500 reactors

may have the same basic designs as with VVER-1000 reactors with

longitudinal placement of the turbines.
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An NHPP with two VVER-1000 reactors and four TK-500 turbines
may put out to the user a maximum of 1800 Gcal/hr respectively
without consideration of peak sources.

Depending on the users' heating load levels, for this type
of point the installation of the corresponding eqdipment at
NHPP's may be recommended. Here the selection of the main equip-
ment may largely depend on the space conditions of the region
where construction of the NHPP is planned. For example, with
unfavorable heat removal (cooling) conditions and a small in-
crease in the electrical loads in the given region it may prove
economically practical to install VVER-500 reactors with T-500
turbines, which at the same heat output require half the cooling
water of NHPP's with TK-500 turbines.

At the preseht time nuclear HPP's are planned at a signifi-
cant distance from the prospective city limits. Meeting this
condition requires procurement of a large quantity of pipe to

lay the heating network mains. For example, transport of 1800

Gecal/hr of heat in hot water at a temperature of 120-130°C from

an NHPP with capacity of 2.0 million kW requires up to two thousand
tons of large diameter pipe to lay each km of heating system main.
This great consumption of metal and large diameter pipes

for transport of heat from NHPP's should be taken into considera-
tion in solving questions concerning planning of the direction

of development of NHPP's and NHS's. Variants of increasing the
temperature of the network water from the HPP's are being examined
in order to decrease the consumption/of metal on heating networks,
as well as systems with open hot water collection with a single-
pipe network. .

Many years of operating experience with nuclear power sta-
tions, both in the USSR and abroad, shows that stations with
water-water reactors during normal operation have comparatively
low radioactivity of the heat carrier in the first circuit,‘
as well as low discharges of radioactivity through the ventila-
fion stack, which provides good station safety with practically
no unfavorable effect on the environment and population.

Even when making all unfavorable assumptions in the pro-
jects, the calculations show that the operating discharges, as
iodine, from the two power units of an NHPP with VVER-1000, are
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less by a factor of 3, and as aerosols are less by a factor of
10 than stipulated by the "Sanitary rules".

Thus we may assume that the total discharge of radioactivity.
from NHPP's will be insignificant, at the level ot several per-
cent of the allowable..

NHPP developments also consider various emergency conditions
which may arise during operation. )

The maximum emergency is considered to be instantaneous
transverse bursting of a main circulation pipe with diameter
of 850 mm. ‘

In order to provide safety in this emergency situation
there are various protective devices, to limit the damage of the
active zone of the reactor, and localizing devices, to limit
the spread of radiocactive substances. .

All the systems responsible for station safety are designed
with high safety factors, are completely independent of each

other and from external energy supply sources.

The doses of internal and external irradiation of the popu-.
lation at the limit of the sanitary protective zone during the
maximum emergency considered will be significantly less than that
stipulated by the normative documents.

In order to bring nuclear HPP's closer to the heat'users
in the future problems of further improvement of the safety of
NHPP's are being studied.

'~ The network water heating systems at NHPP's exclude the
possibility of radioactive contamination of the network water
both during normal operation and during emergencies, for which
the NHPP's have: ‘

- A three-circuit heat output system;

- Heating of the network water by turbine bleed steam 1is
performed only through the heat transmitting surface of the net-
work preheaters; '

- Pressure of the heating medium (bleed steam) below the
pressure of the network water;

- Disconnection devices (valves) are provided, automatically
disconnecting the bleed steam to the heat exchangers during opera-
tion of the emergency protection of the reactor and on decrease

of the network water pressure below the pressure of the heating
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medium. Duplicated valves are installéd on the network water

pipe systems, disconnecting the cogeneration egquipment on

appearance of radioactivity in the network water and on decrease

of the network water pressure below the heating medium pressure,

there is continuous monitoring of thebradioactivity of the net-’

work water and the heating medium of the second circuit and the

corresponding warning and emergency signals are transmitted.
Calculations show that NHPP's with VVER-1000 reactors ha&e A

better characteristics and that this type of reactor will apparently

be the basis for solution of theiproblem of centralized heat

supply from nuclear HPP's up to 1990.

PROBLEMS OF INDUSTRIAL STEAM SUPéLY FROM NHPP's

Steam takeoff directly.from the;turbine bleeds for indus-
trial process needs is unallowable due to possibility of radio-
activify on leakage of steam generator fubes. Thus in order
to obtain and send out industrial steam, the NHPP system should
include a third circuit with steam converters.

Using this system the pressure of the industrial steam
(third circuit) is less than the pressure of the heating steam.
In an emergency situation on bursting of pipelines or steam
converter collectors, the third circuit may receive steam from
the second circuit for the time necessary for localization of
the problem. Here, evaluations show that the integrated dis-
charge of radioactivity will not exceed the annual intake (AI)
stipulated by the norms. “

The pressure of the industrial steam which can be obtained
using this system is determined by the pressure of the bleed
steam entering the evaporator and by the level of heating neces-
sary to provide’transport of the steam, since on increase of the
pressure of the secondary steam there is a decrease in its
possible heating by the live steam.

Assuming that the temperature of the live steam ahead of the
turbine is 274°C, the maximum temperature of heating of the out-
put steam may not be over 260-265°C.

' -Analysis of the industrial loads of fhe users shows that
the greatest steam demand is for steam with a pressure of 10

to 13 kg/cm2 at the user. 1In order to prevent condensation of
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moisture during transport of steam through the users' networks,
leading to hydraulic shocks in the networks, the steam should
enter the users' heating pointslin a superheated state, super-
heated by 30-50°C with respect to the saturation temperature at
the final pressure. ‘

Hydraulic analyses of the steam systems show that steam

at 18 kg/cm2 and 260°C may be transmitted from the NHPP to the
users' heating point for a distance of up to 7 km with final
parameters of 13 kg/cm2 and 235°C.

Decrease of the final parameters of the steam at the indus-
trial heating points to 10 kg/cm2 and 215°C makes it possible to
increase the distance of transport of the steam to 11 km at an
initial pressure of 18 kg/cm2 and 12 km at 22 kg/cm2

Taking the above into consideration, it appears possible
for an NHPP with water-water reactors to produce industrial steam
at high flow rates for large-scale industry outside the city
and at a distance of not over 10 km from fhe NHPP. Here the
industry should use steam of relatively low parameters, and

regularly throughout the day and year.

CONDENSATION-COGENERATION NUCLEAR POWER STATIONS

The problem of using large condensation turbines installed
at standard nuclear power stations for transport of heat to
users from unregulated bleeds is considered.

Soviet industry is presently producing the K-500-60/1500
éondensation turbine for nuclear power stations with VVER-1000
reactors; the K-1000-60/1500 turbine is in the preparation stage.

These turbines are provided with a small heat output up to
60 Gcal/hr, which 1s used for heating of the buildings of the
nuclear power statiocn and residential site. o

The heat output from the unregulated bleed of the K-1000-
60/1500 turbine may be increased to 200 Gcal/ﬁr without modifi-
cation of the turbine; here it is necessary to install a three-
stage boiler system, which necessitates changing of the layout
and certain strucfural changes. It is also possible in principle
to increase the heat output from this turbine to 400-500 Gcal/hr.
This, however, requires significant modification of the design

and thermal system of the equipment.




63

Proceediﬁg from the above, ‘the use of condensation nuclear
power stations appears favorable for heat supply to nearby popu-
lated areas with moderate heating loads. For example, a nuclear
power station with capacity of 2000 MW (2xK-1000-60/1500) may
without significant modification hanale, together with peak
sources, the residential andindustrial heating loads in hot water
of a city with population of 200 to 250 thousand.

Calculations show the economic feasibility of using'unregu—
lated bleeds of nuclear power station condensation turbines to

provide an increased heat output.

NUCLEAR HEAT SUPPLY STATIONS.

One of the main tasks in solving problems of centralized
heat supply from nuclear sources is meeting the conditions of
their maximum proximity to users of thermal energy.

This condition may be most fﬁlly met by the nuclear heat
supply station (NHS) variant presently being developed in the
USSR, which is designed to producé only thermal energy with
transmission of hot water with a maximum temperature to 150°C
to users. The purpose of the NHS permits us to consider the
use of a low-potential reactor of relatively low capacity.

The thermal capacity of one of the reactor vafiants is
500 MW (430 Gcal/hr). '

An NHS with two such units is being considered, which
together with peak heat sources may cover a total regional heating
load of about 1500 Gcal/hr. ‘ |

The reactor is a heterogenecus integral water-water device.

0N

The pressure in the reactor is provided and maintained by
a steam system, built into the reactor, for pressure compensation
by partial boiling of the heat carrier in the upper part of the
active zone.
- The NHS operates on a three-circuit system (main, intermediate

and network circuits); the pressure in the intermediate circuit

is lower than in the network circuit, which excludes leakage
into the network water sent to the user. The use of natural
circulation of the heat carrier in the first circuit permitted

layout of all the main circulation circuit inside a single shell
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with outlet from it of only small ‘make- -up and blowout pipe systems
of the first circuit and the pipes of the intermediate circuit.

The intermediate circuit is nonradiocactive, consisting of
three heat bleed loops from the reactor and transmission of it
to the network water. '

The consuﬁption of network water in the heat mains from the
NHS will be about 10,000 t/hr and will depend on the connection
system to the heating networks of the NHS and the peak sources.

In project developments of NHS's additional measures are
considered to assure safety in bringing nuclear installations near
large citites. -

The main building of an NHS with'odtput of 860 Gcal/hr con-
sists of the reactor divisions of two blocks, a special built-in
water treatment plant, shops with a fresh fuel unit and a water
treatment unit. ' '

A total demand for make-up water at an NHS with considera—l
tion of the consumption for chemical water treatment, SVO [sedi-
mentation water treatment?], and potable water needs is only
500 to 600 m3/hr with location of 50% of the heat network make-up
installation at the NHS and a closed hot water supply system.

The prdximity of NHS's to large cities and connection of the
users with the station through the network water very acutely
pdses the prbblem of assuring radiation safety.

The main requirements are:

- Ekclusion of dangerous gaseous discharges of radioactivity;

- Assuring safety in emergency situations;

- Reliability of the cooling of the active zone under all
operating conditions; ‘ '

- Full exclu51on of the possibility of entry of rad10act1v1ty
into the network water.

The low parameters of the heat carrier of the first circuit
and the low reactor capacity permit significant simpiification
of the’design of the reactor itself and the system of the instal-
lation which, 'on the whole, makes it possible to solve the problem
of ensuring safety at a qualitatively higher level. A
' The operation of the active zone of an NHS reactor is
characterized by significantly less heat stress than at nuclear

power stations, which creates fewer possibilities of damage
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to the fuel elements, and as a result of Wthh it appears
allowable to operate the NHS's w1th a smaller number of unsealed
fuel elements (heat-emitting elements) Here the calculated
specific activity of the heat carrler of the main circuit is 1
or 2 orders of magnitude below the specific act1v1ty assumed for
a nuclear power station, and the calculated discharge of radio-
activity to the atmosphere during normal operation of the MHS

is less than 1 curie-day. - '

The calculated dosage of radlatlon of the populatlon at the
boundary of the sanitary-protective zone during normal operation
of the NHS due to discharge of radioactive products through the
ventilation stack does not exceed 1% of the dosage created by
the natural background at the site.

Due to the fact that the entire main circulation circuit

is located inside the reactor housing the maximum pipeline which

may leak and lead to discharge of the radiocactive heat carrier

of the first circuit in the NHS building is determined by the
auxiliary make-up systems - the blowout of the first circuit

and- its diameter is evaluated at .80-100 mm with a narrowing device!
about 32 mm. |

In evaluating the doses of irradiation of the population
~with a safety factor it is assumed that as a result of a maximum
emergency there w1ll be leakage of 10% of the fuel element shells

Here the calculated total dosage of 1rrad1atlon of the
population at a distance of 1000 meters from the s1te of dlscharge‘
is less than the natural background of the site. ' :

Among the measures providing protection of the network
water against the entry of radioactivity are: '

- The three-circuit network water heat transmission system;

- Continual blowout of the intermediate circuit with continual
'monitorlngkof the radioactivity in it and disconnection of the
.loop on appearance'of radioactivityf

- A higher pressure in the network circuit than in the inter—;
mediate circuit, excluding the-entry of radioactive water into’ ’
the heating network even during an emergency leak of the network
heat exchangers,

- Disconnection of heat users from the NHS automatically
by operation of valves on a pressure drop in the heating network
‘w1th one- time leakage of a network heating surface. : ' /////\\

Py r.-!lllll
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From technical-economic comparisons of variants of heat
supply sources on fossil.and nuclear fuel with a total heating
load of 1500 Gcal/hr it follows that:

- A nuclear heat supply station with output of 860 Gcal/hr
has lower relative costs than a nuclear HPP with 500 MW power
units; '

- With consideration of the tendency for increased cost of
fossil fuel a nuclear heat supply station becomes more effective
than HPP's or boiler stations on fossil fuel.

In comparison with other possible centralized heat supply
sources a nuclear heat supply station has its advantages. Low
heat carrier parameters and relatively low capacity of the
reactor unit permit:

- Significant simplification of the reactor design with
manufacture of the housing at plants not having special equip-
ment;

- Assurance of a high level of safety by accessible means;

- The use of measures to protect the main equipment against
external mechanical effects;

- Reduction of the distance of the NHS from large heat users
to a distance of 2-3 km.

The location of nuclear heat supply stations in direct pro-
ximity to large populated areas, in. turn, permits: '

- Significant reduction (in comparison with an NHPP) of
the capital investment and metal demand of large diameter
pipes for construction of heating mains; '

- Significant decrease of the appropriation of valuable
urban land for construction of heat mains;

- Displacemént from the fuel-energy balance of the region
of fossil fuel with an unburdening of the fuel transport load
into the city in the amount of 0.8 million tons of reference
fuel per year;

- Improvement of the sanitary condition of the municipal
air basin; '

- Significant reduction of the demand for industrial process
water, which is séarce in many cities.

Guarantees of radiation safety of nuclear heat supply stations,

-their economic efficiency and the advantages listed above permit
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us to consider nuclear heat supply.stations, in addition to
nuclear HPP's, to be a promising. source of centralized heat

supply to residential-public and industrial users.
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DIAGRAM OF HEAT OUTPUT FROM NHPP
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DIAGRAM OF HEAT OUTPUT FROM NHS
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DIAGRAM OF HEAT SUPPLY FROM NHS

‘Diagram of NHS with peak boiler Diagram of NHS without peak boiler
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Figure, 4.
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INTRODUCTION

One of the main problems which must be resolved in designing
a new electric power plant is the matter of removing heat from
main and auxiliary equipment.

Traditionally, withdrawal of heat of electric power plants -
is accomplished with the use of water. However, this method 1is
not suitable if the power plant is to be located in a wateeroor
region for reasons of proximity to fuel sources or power con-
sumers.

One must attack this problem in earnest in the construction
of a power station in the arid and desert regions of the earth,
specifically in the .dry tropics.

The dry tfopics are characterized by high air témperature,
low humidity, low rainfall and few fresh water sources. Fresh
water is primarily used for drinking and agricultural purposes.

The way out of this situation may be the use of a closed
air-condensation system to .cool both the basic circuit of the
power station as well as the auxiliary equipment.

The - merits and the shortcomings of thé air-condensation
system are well known. In these closed systems there are prac-
tically no losses of water. In winter a sufficiently deep vacuum
in the turbine condensers can be secured. In addition, problems
connected with the intake of mineralized cooling water into the
feed water of boilers are eliminated.

The chief shortcoming is the fact that, even if the air
cooling elements have extended surfaces, the nominal capacity of

the energy block can not be ensured at air temperatures above 30°.

In systems with air cooling, heat transfer to the air takes
place through the walls of the cooling elements dué to surface
contact, i.e., due to convective heat transfer. In doing so the\
~air is only heated; its moisture content is not increased, as it

takes place in evaporative cooling.

As a result approximately 3 times more air is required for
air cooling than for cooling in conventional cooling towers.
This is the reason-for the increase in the size of draft towers
or the number of fans in systems with air cooling while the low
coefficient of heat transfer makes it necessary to have highly

extended surfaces in the heat exchanéers.
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With the goal of ensuring the nominal capacity éf power blocks
during periods with high outside air temperatures a number of
proposals have recently appeared regarding the creation of "wet-
dry" towers; where evaporative cooling is used aléng with air-
condensation cooling. _

The various schemes for combining the wet and dry sections
are being discussed: parallel connection for air and water,
series connection for air and parallel for water, and other
schemes.

However, all these proposals have significant faults and
the chief of these is the complexity of the design.

Already the appearance of numerous patents and design
developments speaks of the urgéﬁcy'of the matter.

The ‘l'eploelektroproekt [Heat-Power] Institute, together with
the Institute of Power Engineering of the Bulgarian People's
Republic, developed for the Isfahan electric power station in
Iran a plan for a combined air-condensation installation, in
which wetting of the cooling surface of the peak heat exchangers
is specified with the goal of intensifying the cooling process.

The use of irrigation allowed the nominal capacity of the
power block to be maintained at air temperatures to 34.5°C, and
the drop in power output capacity is less than 5% at the maximal
observed temperature, 40°C.

The consumption of water for irrigation of the peak heat
exchanger is determined by the number of hours the air tempera-

ture has been above 30°C and by the electric load curve.

II. COOLING SYSTEM OF THE ISFAHAN THERMOELECTRIC POWER STATION
IN IRAN ' '

The Isfahan thermoelectric poWer station, capacity 600
MW, has 4 blocks 200 MW each, for series-manufactured turbines
. type K-200-130.
The power station is located at 1590 m above sea level.
Mazut, which is obtained from a nearby oil refinery, is used
as fuel.
The water source is a river which is 22 km from the power
station. Meteorological factors of the region in which the power

station is located are given in Table I.
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The .following temperatures and air humidities were assumed

as calculation figures:

- mean annual outside air temperature 16.1°C
- absolute maximum outside alr temperature +40 °C
- absolute minimum air temperature -10.4°C

- relative humidity (at air temperature of
+40.0°C) 10%

In correspondence with the electric load curve, which in
summer has a peak at the hot time of the day, the system for
combined éooling of the block must ensure the needed temperature
for vapor condensation and dispersion of heat with minimum con-
sdmption of make-up water. The basic operating parameters of the
block cooling system are given in Table II.

The allowable drop of block capacity, at the absolute maximum
outside air temperature of +40°C, must not exceed 5% of nominal.

Figure 1 gives curves of the change of block output, tempera-
tures of vapor saturation in condenser and flow of make-up water
to irrigate peak coolers in dependence on the operating regime
of the block for outside air temperatures from +28°C to +40°C.

The low water supply of the power station, the relatively hot
and dry climate of its region, as well as the rigid requirements

with regard to the supply of electric power to the consumer,

predetermined the selection of the combined system for cooling
the blocks of the thermoelectric power station -- a system with
an air condensation unit (VKU) and peak-irrigated peak'coolers.

The cooling systeh can operate in three modes depending on
the outside air temperature.

In winter and at air temperatures to +30.5°C, the cooling
system operates in a "dry tower" mode.

At air temperatures from +30.5°C to 32.5°C the cooling
system operates in a transitional mode: part of the thermal load
is assumed by blocks of "peak" coolers, which are connected in
parallel to the "dry tower". In the transitional mode the "peak"
coolers operate without irrigation. '

'~ In summer, when the outside air temperature feaches the
extreme values at which the peaklelectric load occurs, the cooling
systems operate in a "peak mode": the blocks of "peak" coolers

are irrigated, resulting in a sharp increase of heat removal.
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Blocks of oil-water coolers are made by analogy with the
"peak" coolers.

The cooling of the o0il of the turbine and electric feed
pumps is performed according to an independent scheme. 1In the
‘winter the water coolers operate in the main cooling circuilt,
while in summer they operate according to an independent scheme.

The "peak" regime also callé for irrigation of oil coolers
and water coolers. The main advantage of the combined cooling
sy'stem is the low consumption of make-up water (220 m3/hr for
all the needs of the power station).

Figure 2 shows the technological scheme for the combined
cooling of the block of the Isfahan thermoelectric power
station. 4 '

Spent steam from the turbine exhausts (TsND) goes to a jet
condenser (K1, K2), where it is condensed by a flow of cooling
water of the same quality és fhe'éondensate.

The cooliﬁg water heated in .the condenser is transferred by
circulation pumps to a cooling tower with natural air draft.
Fifteen-meter cooling heat exchangers made up of ribbed aluminum
panels within which water flows through pipes in two courses are ‘
installed in the low part of the tower along its outside parimeter.
The panel ribbing ensures efficient heatltransfer. Blocks of
"peak" coolers made up of 5—metef ribbed aluminum panels are
installed within the tower. The blocks are equipped with an
irrigating device to wet the surfaces in "peak" mode. .

Air ventilation of the cooling circuit of the "dry tower"
is provided by the natural draft of a 120 m tower, while that
of the "peak" coolers is provided by fans.

Water cooled in the "dry tower" is returned to the turbine
condensers. o

A quantity of water corresponding to the amount of condensed
steam is picked up by the condensate pumps from the condenser
or from the return circulation water line and is then transferred
through the condensate purification system to the feed water heat.
up system. .

Some of the design and operating features of the eguipment
of the combined cooling system should be mentioned.

1. Jet condenser.
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The condenser is a two-flow condenser with parallel connec-
tion to the exhausts of turbines.

Both condenser housings (K1, K2) are made from welded steel
sheets.

The cooling water is sprayed by means of spray jets. These
jets create a thin film of water which provides excellent
heat transfer and deaeration. The hydraulié resistance of the
jets is 1-1.5 m‘H20.

A system of perforated troughs in the lower part of the
water chambers is provided for cooling of the steam-air mixture

being removed by the vacuum pumps.

The jets and perforated troughs are made from stainless
steel in order to avoid corrosion.

The lower part of the condenser is fashioned as a condensate
receiver, in which an amount of water sufficient for filling of ‘
an entire sector of the cooling tower (70-100 m3) can be collected.
Since the cooling water circuit is completely closed and the
pressure in the cooling system is above atmospheric pressure,
any leakage is unacceptable. The maximum gquantity of air. taken
from the condensate must not exceed 20 kg/hr.

If there are no losses of water in the boiler and in the
cooling system, the water. level in the condenser should not
change. Make-up of water is provided if there are accidental
leakages.

Make-up water is supplied by pump from make-up water tanks
(MT) in the chemical treatment plant [demineralizer]. A regulating
valve (Al6) is installed on the make-up line; this valve operates
in correspondence with the water level in the condenser.

The valve regulates the flow of make-up water to the con-
denser so that the water level in it is constant. The first
filling of the cooling system is accomplished from the same
make-up tanks via a valve (Al7). The water level in the conden-
ser is monitored by level gagés, from which pulses are fed to the
executive mechanisms of the corresponding cut-off and regulation
armature valves.

Thus, for example, if there is a sharp rise of water level
in the condenser (mark 5), level gage 5 sends a pulse to an
electrically actuated gate valve (Al04), which opens and excess

condensate drains off to storage tanks (T).
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If there is a sharp drop in the water level in the conden-
ser (mark 3), gage 3 sends a pulse to switch off the circulation
pumps (CPl, CP2) and to close valves (A3, A4). When the-copling
sectors of the tower are being filled the water level in the
condenser falls for a short period by 1-1.2 m (level 2), since
the filling water comes from the condenser.

In this case the water in the condenser is made up from
the storage tanks (T) with the aid of transfer pumps (TP),
which are switched on by a pulse from lével.gage 2. When the.
designed water level 1 is achieved in the condenser the gage
for this level sends a pulse to switch off the transfer pumps.

2. Circulation pumps.

Circulation of the cooling water in the amount of 25,100
m3/hr i1s provided by two vertical circulation pumps. -

The power required for cooling water circulation is 2240

kWw.

The basic features of the circulation pumps are:

- static head: 25 m HZO'

- output: 3.5 m3/s,

- rating of drive motor: 1120 kW,

- voltage: 3 x 6000 v, 50 Hz,

- weight of pump: 118 t,

- weight of electric drive motor: 12 t,

- total weight of two groups -of circulation pumps with
drive motors: 60 \t. '

When one pump is in operation, the flow of water goes
directly to the return circulation line to ensure sufficient
pressure in the upper part of the coolers. In this case one
of the valves A7 or A8 must.be closed.

3. "Dry tower" . :

For outside air temperatures to +30.5°C the dry tower‘pro-
vides the necessary cooling of the condensate and operation of
block at nominal capacity. Traditional dry tower execution is
provided. '

The draft tower is made with a metal.skeleton and facing-
made of corrugated sheet aluminum.

Technical data of the draft tower are:

- height: 120 m

- upper diameter: 62 m



80

- diameter of base: 109.2 m

'Z weight of steel construction: 1334 t
- weight of aluminum sheathing: 165 t
= volume of concrete foundation: 2800 m3.

Air-water aluminum cooling deltas 15 m high (119 in all)
are installed in the lower part of the tower along the exﬁernal
circular loop.

The outside of the deltas have a system of electrically
actuated louvers which regulate the air flow.

The opening of the louvers is in functional dependence on
the cooling water temperature on output from the dry tower.

The cooling water temperature gage on the return circulation
line sends a pulse to close the louvers when its temperature
reaches +15°C. _ '

Earthquake activity on the order of 7 points was taken into
consideration when designing the tower.

The cooling deltas along the circumference of the tower
are installed on elastic metal pedestéls; cooler outlets are
connected to the:ring manifolds by rubber sleeves.

“With regard to cooling water the dry tower is divided into
6hindependent sectors. All the sectors can be connected to or
disconnected from the water cooling circuit independently of one
another. o h '

This division of sectors makes possible easy filling and
emptying of the cooling system, as well as prophylactic and main-
tenance operations without shutting down the water circulation
process. B ' '

Water heated in the condensers is fed to the "dry towers"
via a circulation line ¢ 1800 mm. Water circulates within the
"dry tower" through the main ring manifold. The ring manifolds
for the cooling sectors are connected to the latter by means of
gear-actuated butterfly valves Alll (first sector). Cooling
water is withdrawn via manifolds of the same kind and the cir-
culation line for return water. 1In an emergency situation
(failure of a cooling delta) evacuation of the cooling sector
is prdvidéd by the block for emergency drainage of the
system; Thus, the block for emergency drainage of the far sec-
tor includes electrically actuated valves Alll, All2, All3 and

All4.




81

The emergency overflow block for the entlre coollng system
of the block includes hydraullcally actuated valves AlOS and
Al06. .

"Peak" coolers are, when necessary, connected to‘thebmaln
ring manifold of the "dry tower" in parallel’to the_cooling
sector by means of valves All5 and Allé6 (first sector) )

. The external surfaces of the coollng deltas are cleaned by
water under pressure.

The cleaning device consists of a vertical distributor 15
m in helght, which moves around the tower on rails 1n the upper
part of the coolers. Wash jets are mounted on the- dlstrlbutor
along 1its entire height. _ o

The wash device can ﬁoue to any delta and can rotate around
its vertical axis. ‘ | -

The wash jets ektend‘into tﬁe‘gaps of the open louvers
and feed wash water to the ribber coolers. ‘

-The vertical distributor is connected to the coolino water
ring main line of the tower by a flexible rubber hose.

Consumption of water for one cleaning is not over 200-300
3 - ;

m

4. The "peak" cooler. 7

‘.The "peak" cooler consists of two 5-meter straight-through

cooling panels which are series-connected with respect to the
flow of water. The panels are located in parallel planes and
mounted on a single rigid frame. Cooling of warm water flowing
over the tubes within the panels is accomplished by air, which,
being circulated by a fan, passes through the ribbed intertube
space of the panels. The fans are placed over the pauels and
are mounted on a common support frame. The air flow is regulated
by means of louvers. Irrigation of the cooling panels by water
from the main cooling circuit is provided'in "peak" regime.

VThe combined cooling system of the block of the Isfahan

thermoelectric power station calls for the 1nstallatlon of 30

peak" coolers (5 for each coollng sector) Be51des thelr basic
task -- cooling of water heated in the condenser in the transi-
tional and "peak" regimes -- the "peak" coolers act as heaters

for the main cooling elements (the deltas) durlng\startup of the

cooling system at low outside air temperatures.
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The "peak" coolers are installed directly .beyond the-cooling
deltas within the tower and along the perimeter of the cooling
sector. Air is supplied to the "peak" coolers through channels
under the cobling deltas. '

When the cooling deltas are being heated the louvers are
-completely closed. A back air flow (from the tower -- outward --
in front of the cooling deltas), which heats the cooling circuit
of the "dry tower", is set-up by reversing the fans. .

Figure 3 shows the technological scheme for cooling the
auxiliary. equipment.

0il and water are cooled by o0il coolers and water coolers,
which are identical to "peak" coolers in their design execution.

Heafed 0il from the machine hall is supplied through a
distribution manifold to the o0il coolers. The cooled oil is
returned through a return manifold to the machine hall.

Two independent systems are provided: one for cooling the
0il of the feed pump motors; the second for cooling the bearings
of the turbine and generator.

The oil coolers are located in an open site.

The degree of 0il cooling depends on the air flow through
the o0il cooler. The air flow is regulated by means of louver
devices which are installed on the oil coolers or by switching

off certain fans.

In order to provide a large number of steps for regulating
the shut-off of the fans, two oil coolers are connected sequen-
tially and this pair is connected in parallel to the forward
and back mainlines. Three pairs of coolers are working coolers.
A reserve pair of coolers is provided. During hot weather the
surface of the 611 cooler is wetted, so, that the temperature of
the cooled o0il is stabilized.

A thermotechnical description of the o0il coolers is given
iﬁ Figure 4.

Water of the same quality as the condensate is used to cool’
the generator and other auxiliary equipment. Heated water
passes through a distribution manifoid to water coolers. The
layout, design and connection of the water coolers for the auxiliary

equipment are analogous to the corresponding 0il coolers.
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,, . In,summer the reqﬁired water temperature is.proévided by’
wetting the surface of the water coolers. 1In winter, and at low
outside air temperatures, the generator and other auxiliary
eguipment are coouled by water, which is cooled in the main cool-
ing system -- the "dry tower". The water coolers do not operate
at this time -- they are switched off and evacuated. 1In summer the
generator and other rauxiliary equipment are cooled by an indepen-
dent system, by means of the water coolers, since the temperature
of the water cooled in the main cooling system rises above the
acceptable maximum for the auxiliary equipment. Transfer to the
independent system is performed by closing valves V5 and V6 and
opening V1, V2 and V3. |

A thermotechnical description of the water cooler is given

in Figure 5.

III. CONCLUSION

The search for ways to raise the efficiency of "dry towers"
has brought about the design of combined systems for air conden-

sation of steam.

One such system -- a system with "dry towers" and "peak"
coolers -- was proposed by the Teploelektroprbekt Institute for
the Isfahan TES in Iran. '

. Thermotechnial calculations made for-the Isfahan thermo-
electric power station, which in summer has an electric load
peak in the hot time of the day, showed that the system with
"dry towers" and "peak" coolers provides the necessary temperature
for steam condensation and disp€rsion of heat at nominal turbine
output. ' ‘ ‘

The combined cooling system proposed by the institute 1is
distinguished by extremely low water use -- 220 m3/hr.

And finally, this cooliné system allowed series-manufactured
turbine equipment to be used for the power station without struc-
tural modification and adaptation for operation under the condi-
tions of the hot and dry climdte of the region of the Isfahan

thermoelectric poWer station. =
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. Table 1

Item

Unit

‘Month of year

]

v

1. Mean monthly
air tempera-
ture

2. Mean monthly
air humidity

|64

II "111» 1v.

2,8/5,1(9,8|14,8

54 45 |40

o —_ s e e e B e

19,9| 25,3|28,0| 26,4/ 22,7

VI VII | VIII IX

- -—_-—-1

38130 |28 |28 |3
X |xI |xm
16,7/10,014,3
; !
38 |50 |8 -
_Table 2
Outside air temperature, B : ' : i
Temperature of saturation of . ‘.3 / ’
vapor in condenser, °C 46 ) . 6107 7001
'Pressure in cohdenser, atm (abs) 0,102 0,225 : 0,&
: 100 ‘ N 6
Heat dispersion, Kcal/hr 23’?xIO 257XIO 263](10
Regime of cooljng system operation "Dry tower" TFanSi- peak, "dry
. tional, tower" + peak
dry” plus  .i5lers +
peak coolers irrigation
Flow rate of make-up water to irri-
gate peak coolers, kg/hr .
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USE OF WASTE HEAT TO HEAT HOTHOUSES.
BASIC DIRECTIONS AND ENGINEERING DECISIONS.

Of the problems connected with the rational utilization of
natural resources and particularly fuel, an important place is
occupied by the problem of using waéte heat.

It is Qell known that about 50-55% of heat is discharged
with spent steam into turbine condensers and is withdrawn by
coolingAwater, /

~ The total discharge of heat is 22.5 x 106 Gcal for an
electric power station 2.4 million kW in output with 8-10 type
K-300-240 turbines at an output.of 14-15 x lO9 kWh/yr, of whichv
17.5 x lO6 H cal per year goes to losses in the turbine condensers.

The chief obstacle to the use of waste heat to heat closed
spaces 1s its low temperature potential. The temperature of
the water passing through turbine condensers depends on the
cooling system, the type of coolant, the temperature and humidity
of -the outside air.

Waste water has the highest temperatures in the summer,
when the need for such heat is negligible. _

Existing eXperience and theoretical consideration indicate
that low-potential heat can be utilized with the greatest bene-
fit biologically: .in agriculture, in hothouse gardening, in
animal husbandry, in fish farming (to heat up soil, hothouses,
animal dwellings, for irrigation and sprinkling, for growing
algae and feed protein and for intehsive fish farming); .

To heat soil, hothouses, and animal dwéllings it is expedient
to use heat with an elevated potential, such as 1is possessed by
the waste water from power stations with synthefic coolants. It
is expedient to use the waste heat of direct flow and direct
flow-return systems, which has a lower potential, for intensive
fish farming in warm waters, irrigation and sprinkling, and, in
a number of instances, to heat soil. ’ '

The most favorable conditions for the use of waste heat
exists as condensation power stations, where the discharge of a
large quantity of heat in winter is constant. For example, the
waste heat of a condensation thermoelectric station 1200 MW *
in capacity.can heat 100-150 ha of hothouses with a high degree
of reliability. '
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]
In this report we discuss aspects of the use of waste heat
to heat hothouses and present a description of various heating

systems.

1. Basic economic and engineering prerequisites

Of the many gbod products of man fresh vegetables, fruits,
greens, which are_unreplacable sburces of vitamins, trace'eleménts
and salts, have ‘special importance for normal development and
health. According to data of the Academy of Sciences USSR the
minimum physiological norm for the use of vegetables is 140 kg
per year per person.

Of this quantity, if fhefe is well-organized extended storage
of vegetables grown in open soil, about 10 kg/man-year (appro-
Xximately 7%) must be producéd’in‘hothouses.

To meet the needs of the prulation for vegetables during
the winter it is necessary to have an average of about 0.17-1.0
m2 protected soil per person. - '

An extensive program adopted in the USSR for improving the
supply of vegetables and fruits for the population calls for
an increase in the production of out-of-season vegetables by
more than twofold during the current five-year plan. In doing
so one-fourth of that produced will be grown in hothouses' and
other enélosed-soil structures. 22-23 thousand ha of hothouses
will be built in the USSR before 1990. ,

The most favorable temperétures for growing hothouse cucum-
bers and tomatoes are: air frbm'lS°C to 30°C, soil from 18°C
to 27°C. These temperatures are maintained by pipe and air -
heating elements in the tent of the hothouse (heat transfer
agent -- water at 95-130°C) and under-soil pipe heating with a
heat transfer agent at 40-45°C. A

Heat is lost from hothouses primarily through the enclosing
structure (about 90% of all losses)}and through the soil (about
10%). ‘

The total heat requirements for a hothouse plant, at an
outside air temperature of -30°C, is about 5 Gcal for 1 ha
of hothouse of the block type.

The very high seasonal and daily variation in the use of

heat of hothouses should be pointed out. For example, during
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the warm season of the year, when the coolings systems of power
stations‘operéte under high stress and waste water has the highest
temperature potential, hothouses do not need heating. The need
for heat falls abruptly in the daytime because of intensive

solar radiation in spring and autumn and even on clear winter

days with negative outside air temperatures. At the same time,
hothouses must be heated at night even in the summer in regions
with an ébrupt continental climate.

This variation, as a rule, does not correspond with smooth
operation of power stations with a relatively constant discharge
of heat. To a significant degree this factor complicates sys-
tems for heating hothouses with waste heat, as well as the regu-
lation and automation of these systems.

The cost structure of hothouses making up a 6 hectare block
(not counting the additional costs of tying into the project)
in the central regions of the country (at a theoretical outside
air temperature of -30°C) appears thus:

1. Building structures - 32%
2. Heating system for hothouses - 32%
3. Other installations - 26%

The use of metal per l.m2 area of modern hothouses is about
28 kg, including 7 kg (28.5%) for the support structures and 21
kg (71.5%) for the pipes of the heating system. The costs for

installing the heating system depend on the climatic zone of

construction.
According to the data of a hothouse state farm -- the
Moskovskii combine -- the proportion of boiler installations in

the total capital investiments for hothouses is 7%, while
costs for heating are more than 26% of annual operating costs.
An increase in the production of hothouse vegetables in-
evitably involves a corresponding increase in the use of high
grade fuel. It is sufficient to point out that no less than 30
million t nominal fuel per year will be required to heat 22-23
thousand ha of hothouses at the 1990 level.
In connection with this it seems economically advantageous
to use the low potential waste heat of industrial enterprises

and thermal power stations to heat hothouses.
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As is well known, only 33-40% of the available thermal capa-
city is‘used to produce electric power at fossil fuel and nuclear
electric power stations. The remainder is irretrievably dispersed
to the environment. Dependihg on the cooling system, the season
and climatic conditions of the region which the thermal power
station 1s located, the temperature of waste water can vary over
a broad range. Table I gives mean annual and seasonal changeé
of tﬁe cooling water temperature after turbine condensers for
various syétems of technical water supply.

It follows from the table that the water in circulating
systems of water supply with synthetic coolants has the higﬁeSt
temperatures: i.e., those with evaporation towers, with air-
condensation installations (VKU) and combined wet-dry toweré.

| A certain quantity of heat having a relatively higher poten-
tial is discharged after the o0il coolers of the turbines and

feed pumps.

II. Heating systems for hothouses

In the Soviet Union the development of hothouse vegetable
production proceeds primarily by means of the construction of

large hothouse plants having enclosed-soil areas of 20-50 and
100 ha. These plants are normally built according tovstahdard
designs which_have been developed by special institutes.

One of the more induétrial standard projects was developed
for a 6-hectare block for climatic conditions with theoretical
winter air temperatures of -20 and -30°C. |

The block of hothouses consists of five l-hectare soil
hothouses, one l-hectare vegetable hothouses with a nursery
section, buildings for general and service purposes, a boiler
installation and a connective corridor.

' The plan of such a block is shown in Figure 1.

Tent and underground heating is provided in the hothouses.
The heat transfer agent for the tent heating is water at 95-70°C.
Heat transfer agent for under-soil heating is water at 40°C.
Steam and water supplies for the block of hothouses is provided

by its own boilers.
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'In ‘the ‘désign regard -the hothouses are open span structures
with a span of 6.4 m. The skeleton is steel, of special profiles.
The enclosures are glass. The foundations are reinforced concrete.

Heat conshmption or heating for regions with a theoretical
outside air temperature of -20°C is 4 Gecal/hr, and 5.2 Gcal/hr
for the -30°C region. A theoretical minimum temperature of no
less than +15°C is provided in the hothouses.

"From thé.standpoinb of energy the main shortcoming of these
hothouses is the need for use high-grade gaseous or liquid fuel
for heating. In\addition, the pipe system for heating requires
a very high consumption of metal per square meter of hothouse
(= 20 kg/mz).

_ The desire to use fuel rationally and to reduce the high
metal consumption of the heating system led to the development of
various hothouse designs heated with low potential waste heat
from electric power stations or other industrial enterprises

in the USSR, 'the USA and in other countries.

A description of these systems is given below.

I. Hothouse with water filled roof

The solutions which have been tested in experimental in-
stallations ineiude hothouse types whose enclosing transparent
structures are separated from the outside environment by a con-
tlnuous sheet 0f warm water. In experiments performed in 1945-
1950 the thickness of the water layer on a sloped glass roof of
a hothouse was taken to ve 10-14 mm. In experiments of Professor
E. D. Korol'kov (Agricultural Academy named for K. A. Timiryazev)
the thickness of the water layer on a flat roof reached 60-70
mm. In all cases the water surface was open.

Figure 2 shows a schematic diagram of such a hothouse.

In experiments carried out on February 8, 1969, when the
outside air temperature was -27°C and the temperature of the’
water being supplied to the roof was +45°C, the water flowing from
the roof had a temperature of +26°C, while air temperatures in
the. hothouee were: +20°C at 20 cm from the roof, +19°C at 90
cm from the roof and +15°C above the soil (there was no soil
heatlng).' Here the water flow rate to the roof was 80- 100 2/hr

per 1 m2 roof.
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- Eigure 3 .gives.an orientational graph .of .the seasonal change
of the temperature of waste water;. Three zones can -be seen on
the graph. Two of them correspond to a shortage of heat in the
hothouse, while one corresponds to an'eXCess of heat. |

Basic principles for the thermal calculation of this type
of hothouse are given below. o
The temperature of the water on the roof can be determined

from the equation of thermal balance of a water-filled roof:

ZQuGycustu - [].

It follows from'Equation 1:

. ' v ’ )

Aé.W'-" _Z._‘.Q»\—— . [’J'
Gw"Cw/' o

where: Atw'— depth of cooling of water on roof, °C; .

Gw - flow rate of water to roof, kg/hr;
ZQw - total heat transfer of water on roof, kcal/hr;
Cw - specific enthalpy of Water,'kcal/kg-dé.

On the other hand:

25(2“’ zzwc*[?w/ W A;:KV [3]5

where: le - heat transfer by evaporation, keal/hrf‘
sz - heat transfer by convection, kcal/hr;ﬂ
Qw3 - radlatlon balance, kcal/hr; A
AIw,- additional radiation by surface of water heated

above normal-natural termperature, kcal/hr

S ’ " 7 -

sz = Qu’z * Qv./zj | [4,.!'
where: Q'w2 - heat transfer by convection to atmosphere, kcal/hr;
Q"

w2 heat transfer by convection through-roof into

hothouse, kcal/hr;

The value of Qw3 1s determined from the expreasion:
'0“3=(Q+9>.7'(/“0)':I"“Q4 e

where: (Q+q)n - total solar radiation at observed overall cloud
cover, kcal/hr;

a - albedo of water surface;
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I - effective radiation by water surface at normal-natural
temperature of water, kcal/hr;
Q4 - heat transmitted to hothouse through roof by pene-

trating solar radiation, kcal/hr.

Here it is considered that part of the solar radiation
penetrates into the hothouse through the layer of water in the
glass-roof.

The magnitudes of le, sz and AIw are determined from
conventional dependences 9f theory of heat and mass exchange of
a water surface with atmosphere.

In winter operation a temperature drop equal to the heat-up
in the condenser is achieved by reducing the quantity of water
supplied to the roof, or by cooling it in other coolers of the
power station. ‘

The heat losses of a hothouse with the water-filled roof and

with a dry roof are determined from equation:
02:’:05_"*@6 tQr Qg Ug* Q0 -4, (6],

where: 02 - total losses of heat of the hothouse, kcal/hr;
Q5 - losses of heat through the water-filled or dry
roof, kcal/hr;
Q6 - losses of heat through side glass, kcal/hr;
Q7 - losses of heat through soil, kcal/hr;

Q8 - losses of heat through the concrete base pedestal,
. kcal/hr;

Q9 - losses of heat to transpiration of plants, kcal/hr;

Qlo - losses of heat in ventilation of hothouse, kcal/hr.

Calculations for dry and water-filled roofs for mean monthly
meteorological conditions and for mean air temperatures of the
cold days show that the total mean annual losses of heat for a
l-hectare hothouse are: .

a. for a water-filled roof:

137 Gcal - with consideration of solar radiation;'

16380 Gcal - without consideration of solar radiation;
b. for a dry roof: Q

9000 Gcal - with consideration of solar radiation;

12000 Gcal - without consideration of solar radiation.
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.. The heat losses at a mean air temperature :for the coldest
days of -32°C was:
a. for a water-filled roof:
0.25 Gcal/hr - with consideration of solar radiation;
0.30 Gcal/hr - without consideration of solar radiation.
b. for a dry roof:
2.86 Gcal/hr - with consideration of solar radiation;
2.92 Gcal/hr -~ without consideration of solar radiation.
The results of the calculations are given in Figures 4
and 5. ' ‘
The presence of warm water on the roof of the hothouse
allows the thermal losses of the hothouse to be reduced signifi-
cantly and thereby reduces costs for heating it.
' The experience of operation has shown that a layer of water
on the roof, while admitting the visible portion of the sunlight,
substantially retards the infrared portion of the spectrum, pro-
tecting the hothouse from overheating during periods with intensive‘
solar. radiation.
Operation of a hothouse with a water-filled roof also revealed
a number of important shortcomings. This primarily includes its
high metal éonsumption and the need to build a watertight roof.
There are also great difficulties due to the need to maintain
transparency of the roof, which becomes dirty with dust and algae.
Matters of ventilation, cleaning of the roof, heating of the
soil bed and other elements await solution and experimental test-

ing.

2. Hothouse with air heating

Figures 6, 7 and 8 showed the design of a hothouse heated
by waste heat by means of the heat exchangers of the power station
cooling system. ‘

The heat exchangers are placed in annexes to the conventional

I3

standard hothouse as heating points;

The heat transfef agent -- condensate at a temperatufe of
35-45°C =-- flows in the pipes of the heat exchangers, and air
blown by fans through the intertube space of the heat exchanger

is heated'and supplied to the hothouse.
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Here the heat exchangers fulfill two functions: ™ -7 .0 s
) l. As part of the cooling system of the thermoelectric or
nuclear power station the heat exchangers are coolers of the
‘condensate from the turbine condensers, thus ensuring its cooling;

2. They are the chief source of heat for the hothouse{
maintaining the necessary temperature and humidity condiﬁions in
it. '

Proceeding from this, three main operating regimes for the
hothouse can be discussed: '

l. Winter regime:

In the theoretical winter regime, at outside air temperatures
of -25°C to -30°C a constant volume of air circulates in the
hothouse and through the intertube épace of the heat exchangers:;
the maximum quantity of this air (for a selected heat output of
the heat exchanger and given aiea of the hothouse) ié limited by
the maximum allowable air velbcity in the hothouse (on the order
of 1.5 m/s).

Supply of outside air during these periods is eliminated.

Air intake is accomplished from the hothouse. Air blown by fans
is pumped through the heat exchanger, heated and supplied to the
hothouse. The temperature of the heated air is used to cover
the thermal losses of the hothousé‘(dz). The air cooled in the
hothouse is returned to the heat exchangers.

2. Summer regime

With outside air temperatures above the temperature'of
the air in the hothouse and with intensive solar radiation it is
possible that the hothouse will overheat. 1In this case air is
brought in from outside. The air heated in the heat exchangers
can be completely discharged to atmosphere, bypassing the hot-

house, through open windows in .the ceiling. 1Irrigation of the

heat exchangers can be used for purposes of cooling the conden-
sate. The effect of evaporative cooling is simultaneously used
to regulate the humidity of the air in the hothouse. If there
is significant excess heat in the hothouse it is possible to
ventilate it. 1In this case air intake is accomplished from out-

side and from the hothouse through open windows in its roof.
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3. Autumn-spring regime.

wWith moderate outside air temperatures and elevated solar
radiation the amount of dir going to the hothouse will be a
variable tigure according to the outside air temperature. In
addition, the necessary degree of cooling of the condensate
depends on the temperature and humidity of the air going to the
heat exchanger. Air pickup is from outside and from the heat
exchanger. The mixed air is pumped by fan through the heat
exchanger and heated. Part of the heated air, equal to the amount
taken from outside 1is discharged from atmosphere through windows
open in the ceiling of the heating point. The other part is
supplied to the hothouse, compensating the thermal losses of the
hothouse -and maintaining the necessary temperature and humidity
regime in it.

'The thermophysical properties of the mixed air (iZ’ tZ' LZ’
etc.) depend on the degree of its mixing n. In dependence on
the amount of air coming from outside 0 < 1, since n character-

izes the proportion of outside air in the total amount of air.

In the winter regime n = 0, while in the summer regime n =
1. The intake of outside air is regulated by means of louvers,
the opening of which is in dependence on n. In the general case

0 <n <1 for the hothouse. Thus, establishing the optimum
value of n for each concrete case unambiguously determines the
necessary depth of cooling of the condensate and the required

temperature and humidity conditions in the hothouse.

The thermotechnical calculation of a hothouse heated by
waste heat is based bn the following dssumptions:

1. The number of heat -exchangers installed in the heating
point of the hothouse is determined based on the following con-
ditions:

- the consumption of heat per hectare of hothouse at an
outside air temperature tl = -30°C is 5 Gcal/hr;

- the difference of the air temperature in the hothouse is
no more than 5°C;

- the maximum allowable air velocity in the hothouse 1is

1.5 m/s;
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- the depth of cooling of the heat transfer agent is within
8-10°C, while maintaining the required temperature and humidity
conditions in the hothouse; i

- the air in the hothouse moves in a closed cycle (n = 0).

2. The needed fan output or L?ax

is determined from
the condition that the=needed depth of condensate cooling be
secured in summer.

Here n ="1. ’ )

3. The optimum value of n is determined from the condition
that the needed depth of condensate cooling and required tempera-
ture and humidity conditions be ensured in the hothouse in the
autumn-spring period.

In doing so 0 < n < 1. '
The thermotechnical calculation of the hothouse is

per formed on the basis of a combined resolution of the following
equations:
(V]

o~/
N= 1{,
7 (1]
where: n - degree of air mixing
Ll - flow rate of outside air, t/hr'
Lz - total flow rate of mixed air, t/hr
Ll +,l =X s [2] .
where: - heat content of outside air, kcal/kg

1
2~ heat content of hothouse air, kcal/kg
5 T heat content of mixed air, kcal/kg

2

- flow rate of hothouse air, t/hr.

gl (1-0)6, [3] .

.xz"’z*Qo"c‘fz‘C's | (.4]’

where: Q. - heat output of heat exchanger, kcal/hr
0 P

i3 - heat content of heated air, kcal/kg
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A J.;\éf;fé}=4é,+;<}'(} ‘ 1'5] L oL

where: Q2 - heat losses of heat of hothouse, kcal/hr.

@ -
iy sers £l

The advantage of a hothouse with air heating is the fact

that its heating system is designwise not connected with the
hothouse and therefore industrial designs for modern hothouses
can be used.
Anofher merit is the possibility of creating better ventilation
and regulation of a mdre favorable microclimate in the hothouses. |
The need to use forced air draft (fan) should be counted

among 1ts shortcomings.

3. Systems with convective—evagorative and_convective_heating

- ——— — ———— ——— ———————— o — i ————————— ——————————————— - — - ———

Interesting studies were carried out in the USA on the design

of hothouse heating systems allowing waste heat to be used. In

1970 a hothouse 6 x 14 m in size with convective-evaporative heat
exchangers was built at the Oak Ridge National Laboratory.
The basic portion of the heat was taken off in -an evaporative
heat exchanger, which was a panel 5 cm thick filled with pine
shavings. Water at 40°C in the amount of 37 2/min was supplied
to the upper part of the panel and'paSsed vertically downwards,
wetting the surface of the shavings. Aif forced by fans pene-
trated the panel and was heated or cooled according to the humi-
dity and temperatufe of the air and the temperature of the water
being supplied to the panel. After the evaporative panel the air
passed through a heat exchanger made of ribbed pipes, where it
was further heated and dried. These operations led to the construc-
tion of an experimental ‘hothouse in Muscle Shoals, Alabama. The
principle of the operatioﬁ of this hothouse is the same as at
the Oak Ridge Laboratory. .

It permitted the beginning of the development of a draft
plan for a larger hothouse, 2000 square meters in area, at the

Browns Ferry nuclear power plant.
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This type of hothouse, 2000 square meters in area, was built
in 1975 along side the Sherburn Country (Minnesota) power station.
Thevblock—type hothouse consists of 14 sections 5.18 x 29.26 m
in size. The side enclosure was made from corrugated glass plas-
tic covered on the inside by polyethylene film. The roof was

made from two-ply polyethylene. Theoretical heat losses of the

hothouse at t = =34°C and inside temperature of 10°C are 553000
kcal/hr (644 kW). Each section has its own heat exchanger rated
at 36,500 kcal/hr (42.5 kW). The theroetical temperature of .

the water being supplied is 29.44°C, its flow rate is 110 %2/min,
the air flow rate is 200 m3/min. Warm air is supplied to each
section through a.perforated film air line 762 mm in diameter.

The so0il is heated by polyethylene pipes 25 mm in diameter, which

are along the sections of the hothouse at 61 cm intervals at a
depth of 30.5 cm. The flow rate of water to the pipes is 3,785
2/min, the temperature drop along the length of the pipe is
5.5°C for an air temperature in the hothouse of 10°C and soil
temperature of 15.6°C. ' '

An evaporative cooling panel and an axial-flow exhaust fan
for air cooling in summer are also installed in each section.

In case the warm water supply is turned off there is an
emergency heating system, which consists of a 380 kW electric
boiler, a portable 10 kW generator and 6 propane heaters havihg
a total 6utput of 88,000 kcal/hr (102.5 kW).

Experimental operation of the hothouse showed that the
system for heating with waste heat provides the required temperature
regime even under the most several conditions. Thus, for
examplé, at an outside air temperature of -41°C, which was reported
at 8:00 on January 9, 1977, and with water at 32.6°C being supplied,
the temperature in the hothouse was maintained at 14.4°C. Here

there was a temperature drop of 2.6°C.

Conclusions

The experience gained in the operation of experimental hot-
houses heated by low potential heat confirms the possibility and

principle and economic feasibility of using this kind of heating
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syétem. - This same experience has shown that the necessary tempera-
ture and humidity conditions for out-of-season raisiné of §é§é;‘¢”
tables and other crops are ensured by the use of systems with air
heating. Hothouses with convective-evaporative heating are in
this regard inferior to hothouses with air heating because of
the relatively high humidity of the air circulating in the
hothouse. Hothouses with water-filled roofs} while possessing
a number of merits, also have serious faults, the chief of which
is the difficulty of maintaining transparency of the roof. 1In.
regard to design, hothouses with air heating are preferable, since
they allow standard design solutions to be used. Maintaining
a water tight roof presents serious difficulties under the con-
ditions of the water-filled roof.

More extensive industrial use of waste heat to heat
hothouée plants in the near future is practicable. However,
significant work is required both of a research nature as well
as with regard to design developments in the design of hothouses
of this type which are not inferior to conventional hothouses

in all factors.

[Note: Figures were not included with Russian text.]
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Table 1

I IR SR e GT Wb AT D W G S D D WP Y R AP P G AP ES A an AP G WD wy @ WP D e e

Temperature of cooling water after

Technical water-supply turbine condensers, °C

systems N
Autumn-~
Average Winter Summer Spring
1. Direct-flow systems 20-22 I2-I14 « 25-32 18-22

2. 'Recycle systems with

cooling ponds 23.25 IS-IG 35-37 20‘722 »

3. Recycle systems

with evaporation 3I-32 23_26 38-42 %_32 .

towers

4. Recycle systems

with air-condensa- 35_40 %_30 - 45-55 32_35

tion installation
(VKU's) '

.5. Combination con-
vective-evaporative 20
coolers 280 B~ 842 %-32
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Figs. 1. "Block of Hothouses
(consists of five l-hectare soil hothouses, one l-hectare
vegetable hothouse with a nursery section, buildings for

general and service purposes, a boiler installation and a

connective corridor.)
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*These figures were taken from last year's trans-

lation (ORNL-tr-4483) entitled The Use of Waste Heat
from Thermoelectric Power Plants and Nuclear Power

Plants to Heat Greenhouses which is applicable.
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‘The vigorous growth of industr;alization throughout the
world is founded on an energy base, which calls for predominate
development of thermal power engineering, including nuclear power
engineering, thch is causing thermal pollution of the environ-
ment, mainly the aqueous environment, on an evergrowing scale.
In addition, the use of irreplaceable natural resources: fuel,
earth and water, in power production is rising significantly.

An important alternative to this undesirable process is the
development of a system of measures aimed at comprehensive uti-
lization of waste heat, which will likely help to reduce appre-
ciably the significance of the negative factor of thermal pollu-
tion and can produce an additional national economic benefit
in the form of valuable food products, primarily, protein pro-
ducts of animal origin. ’

At the present time a number of directions for the utiliza-
tion of the wéste heat of power sources have been noted.. The
best developed of these is the use of warm waters for fish farm-
ing. A ‘

Research in the field of the fish farming use of warm water
was begun in the USSR in 1960. The initial task was to use
herbivorous fish of the Far East complex (Ctenopharyngodon
idellus, Hypophthalmicthys molitrix) for biological reclamation
of cooling ponds. This work was successfully completed, thus
ensuring-effective elimination of agueous plant life with
simultaneous productlon of fish to 600 kg/ha.

In the same years studies were begun on 1nten51ve breeding
of fish in fish ponds.. It was shown that it is possible to pro-
duce up to 200 kg commercial carp per. 1 m2 pond area. In order
to raise the economic efficiency of industrial farms in warm
waters biological technology for the maintenance of the more
valuable delicacy fish: trout, sturgeon, etc., has been deve-
loped. Today, the basic elements of the biologicél technology
of these subjects have been developed and is being used by industry.

Successful biological and physiological fish farming research
ensured the possibility of producing not only commercial fish,
put also full-fledged breeders as well as viable fry.in the warm
waters of electric power stations. In the opinion of Soviet
specialists the use of warm waters is most effective specifically

for the reproduction of fish. Here costs for capital construction




115

and feed for ‘the fish are substantially less than for commércial
farms, as a result of which the raising of fry turns out to be
economically very effective. It is proposed to use this fry to
stock lakes, water reservoirs and pond fish farms. Because of
the enormous water resources of the USSR, the demand for stocking
matefial 1s practically unlimited, which ensures an excellent
outlook for the development of this trend. Réproduction of
herbivorous fish of the Far East complex in warm waters at the
same time provides complete satisfaction of the need for fish
stocking material for biological reclamation of cooling ponds.

Use of warm waters for the breeding of valuable commercial
fish has significantly reduced the period required for the matura-
tion of the breeders -- 2- to 3-fold compared to the onset of
sexual maturity under natural conditions. This factor is
especially valuable in raising fish with a long period for sexual
maturation such as sturgeon, which mature at 12-18 years. The
technique developed in the USSR for raising sturgeon breeders
and producing commercial black caviar envisions maturation of
fish at 4-8 years. 1In this case the biological technology is
based on complete optimization of the temperature, gas and other
regimes and on the use of high efficiency physiologically complete
food mixtures.

The changeover to fish breeding under regulated temperature
and other conditions created the prerequisites for spawning at
predetermined and economically expedient times. This was seen
especially clearly in the breeding of carp -- the main object
of industrial fish farming in the USSR. At the present time

Soviet specialists have a procedure wifh which carp fry can be
produced in any calendar period over the year. Maintenance
conditions for breeders have also been developed in which one
and the same female can produce progeny at 3 month intervals.
All this has allowed Soviet specialists to change over to a year-
round "assembly line" system of carp breeding with all the
management and economic advantages which issue from this.

Under the severe climatic conditions of the USSR the use of
the warm waters of electric power stations is exceptionally
Vpromising for the creation of industrial fishing complexes, which

will include fish farming enterprises with the traditional
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breeding technology (pond, lake, in water reservoirs, etc.) -and
fish farms in warm waters, where breeding and winter maintenance
of fish will be carried out. ,

Technology developed by Soviet specialists is allowing fish
fry to be produced significantly earlier than the conventional
schedules for fish spawning under natural conditions. Stocking
of ponds even with a relatively small shortening of the natural
spawning period (10-15 days) raises the efficiency of fish breed-
ing by 50% (with respect to fish productivity and final weight
of fish).

The wintering of fish in warm waters turned out to be excep-
tionally effective under the,conditiohs of the USSR. With tra-
ditional technology fish are at low temperatures for ‘half a year.
During this period they not only do not grow, but become thinner,

weaker, are subject to mass diseases and frequently they perish.

The use of warm water has allowed the growing period to be extended,

and disease to be reduced and even under winter conditions a
weight gain to be obtained.

The main object of cultivation in the Soviet Union is’
carp. The biolggical properties of this species make it irre-
placeable for breeding in warm-water industrial fisheries. The
most valuable property of this species is its broad food spectrum
and ability to assimilate plant protein. As is well kﬁown, the

rations (kombikorm {"combi-feed"]) for other species of fish

which are cultivated.in farms must contaln no less than 30°
animal protein, which 1s necessary for normal growth and develop-
ment. Here the fish being raised are not producers but rather
consumers of animal protein, and their production volumes will
be determined by economic and social factors.

Investigations by Soviet specialists have shown the possi-
bility of raising carp on feeds with low concentrations of
animal protein and even on feeds which consists only of vegetable
components. Studies made by us have shown the possibility of
" feeding carp on basically new rations, which are based primarily
on products obtained by means of microbiological synthesis --
protein-vitamin preparations and yeast. Thé promise of these
products is well known, but proteins obtained in reactors cannot

be used in large doses not only for man, but also for agricultural
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animals. In our experiments carp:in warm water grew well on
products containing up to 80% microbiological synthesis products.
It must be specially emphasized that the food value of
carp produced by industrial methods using kombikorms is signifi-
cantly higher than for natural water reservoirs. This phenomenon,
which was first investigated by Soviet specialists, was
completely confirmed in the GDR and FRG.
. Therefore, there is every reason to believe that carp is
the fish of the future because of its striking ability to convert
products of microbiological synthesis and vegetable feeds into
valuable protein. Because it does not expend energy in maintaining
constant body temperature and overcoming forces of gravity, the
carp, along with other herviborous fish, should be viewed as
an important sourcc of aniwmal protein, advantageously distin-
guished from warm-blooded agricultural animals by its economy.
Carp is also distinguished from other species of crop fish
by its fecundity in combination with batch [illegible], which
makes possible multiple production of numerous progeny from a
limited number of breeders, which is especially important for
industrial methods of farming, where maintenance.of a large
number of breeders is economically inexpedient.
Carp has é high growth potential, which is manifested under
optimum conditions, where it reaches a'weight of 3 kg in 3 months.
However, carp cultivation under the conditions of industrial
farms has an important problem, which lies in the biological
nature of the larva (incomplete development of enzyme systems),
which leads to the need to include live feeds in their rations,
in contrast to other types of crop fish (salmon, sturgeon, sheat-
fish). ’ |
Satisfaction of this requirement of the larva leads to the
need for a live feed plant within the warm water fishery, culti-
vating feed organisms which are accessible té the larva in early
stages. The foreign experience in solving this problem is based
on the use of brine shrimp as a feed object.’ ﬁbwever, this
metﬁod has a number of shortcomings, primarily,.the direct
dependence on the condition of the raw material base.
| The industrial method for year round cultivation of small

feed forms (Infusoria, Rotifera, moina), which we have developed
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to outproduce previous methods by several orders of magnitude,
yields 20 g crude matter per 1 £ culture per day. This method
allows the need of carp larva for live feed to be met completely.

In addition to carp sturgeon (bester), eels, warm water fish
of the American and Indian complexes, herviborous fish, etc.
can also be successfully grown in warm waters.

In the USSR comprehensive utilization of the warm waters
from power sources for fish farming is being planned, calling
for the creation of the following types of fish farms in depen-
dence on specific conditions:

1. Farms with grid ponds are used at practically all types
of power stations discharging warm water. The basic advantage
of these farms is their simplicity, low construction costs and
low operating costs.

2. Basin farms are economically expedient when using the
warm waters from nuclear power stations and high-power thermo-
electric power stations.

Basins can be of reinforced concrete construction or earth
construction with polyethylene sheeting. The cost of earth
basins is 1/3 of the cost of reinforced concrete ones, but the
latter have a longer life span, and the use of prefabricated
constructions and industrial methods for installing them is
possible.

Basin farms are the most progressive form for carrying out
warm-water fish raising. Here optimization of all the parameters
of the environment, mechanism and automation of production pro-
cesses are possible.

3. Fish farming use of cooling ponds is expedient at every
water reservoir receiving heated waters. ‘

In addition to carp,'cooling ponds are stocked with her-
bivorous fish, which allows the natural feed base of the water
reservoir to be utilized more fully and prevents overgrowth of
the reservoir. Thus, biological reclamation of the pond contri-
butes to favorable conditions for the operation of cooling ponds.

4. Fish nurseries using warm water produced early fry of
carp and herbivorous fish for stocking ponds in commercial
farming lakes, water-reservoirs and COolihg ponds.

5. Pond farms are built when, for reasons of optimum temp-

eratures, the use of warm waters for the more efficient basin
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and breeding farms is inexpedient (t° .above 23° less than 4
.months per year).

A combination of several of the above-mentioned forms of
warm water fisheries is possible.

Until recently fish farms of the USSR used the waste warm
-waters of electric power stations at temperatures dictated by
the interests of power engineering alone. .In doing so the water
temperature in the winter was significantly below the tempera-
tures needed for effective fish growth, while they rose to dan-
gerous limits in the summer.

-Advances in the fish farming use of warm waters and the
increase of the production of fish in warm waters allowed the
guestion to be raised about converting to mutually coordinated
technology for the production of electric power and food pro-
ducﬁg. In this case the power station would supply to the fish
farm throughout the year the water at a temperature more favorable
for fish growth without the use of additional heating and cooling
systems. The technology of modern electric power stations allowed
water to be produced at various temperatures and to be transferred
to the fish farm in isolated streams. '

A large scale fish farming complex having a capacity of
2000 t fish per year has been created at the Kursk nuclear power
station on the basis of this principle for the proddction of
electric power and fish in the USSR.

The objects of breeding at this enterprise will be:

Carp (Cyprinus carpio) = 1500 t
Ictalurus (Ictalurus puncatatus) .- 300 t
Trout (Salmo irrideus) - léO t
Sturgeon

Herbivorous

The design of the fish farming complex wés developed by the
Gidroproekt Institute on the basis of its experimental projects
in the cultivation of fish under governed conditions. '

. The basis for this‘technOlogy is optimization of the
temperature regime at all stages of the growth and reproduction
of fish. A

This allowed the accomplishment of a continuous year-round
method for breeding carp, which calls for monthly spawning and

daily recovery of commercial production.
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The use of. continuous,technology has a number of advantages
over the traditional form for raising fish in a single cycle.

These basically are:

1. The possibility of a year-round supply of fresh fish
for the population.

2. A significant'reduction in the output of the pump
station (8 m3/s versus 40 m3/s'for the accepted unit consumption
of water).

3. Reduction of production areas.

4. The smooth flow of work of the enterprise without peaks
and vélleys allows the number of servicing personnel to be reduced.

A'detailed study which we made on the influence of
temperature on the physiological processes showed that there is
no single narrow temperature‘optimum which is specific for this
species of fish. 1In addition to significant differences in thé
optimum temperatures for fry and adults, it was established that
there is a difference in the temperature optimum for the demand
and use of food, for the use of feeds of various composition, for
the direction of the processes of protein and fat synthesis. 1In
specific temperature intervals a change of water temperature by
3 degrees can double the growth rate of the fish and correspond-
ingly the use of feed by them.

The difficulties encountered in designing and operating the
first generation of warm water fish farms were considered in
designing the fish fafming complex at the Kursk nuclear power
station. In adaition to investigating the temperature regime
much attention was given to the rapid and most complete removal
of the produéts of the life activity of the fish, which requires
the creation of a fundamentally new design for the fish farming
basins.

In connection wiﬁh the lack of natural food in industrial
methods of fish farming in warm water it became necessary to
work out economical and physiologicaliy complete feed mixtures
' for fish of various ages (primarily for carp and sturgeon) with
a relatively low concentration of feeds of animal origins and

consisting of available components. Technology for feeding carp
and sturgeon of various ages and at various temperatures, optimum

daily norms, frequency of feeding, technology for manufacture




121

and distribution of feed had been' dévelopéd-previously under
experimental conditions.

A fundamentally new element of technology, which was first
used at the Kursk fish factory, is purification of . the waste
effluent of this enterprise. A large quantity of biogenic
elements in the form of fish excrement and unused residues of
feed are discharged into the cooling pond along with the water
passing Ehrough the fish farming basins in industrial fish feeding.
This is quite irrational both from the standpoint of the eutrofi- '
cation of the cooling pond as well as from the standpoint of
nonproduétive losses of food matter which has ‘not been assimi-
lated by the fish.

At the present time we are working out various schemes for
utilizing the biogenic effluent of industrial fish enterprises '
which calls for trapping the solid.effluent with.the use of a
hydrocyclone unit with subsequent utilization of it in agricul-
ture, for cultivation of live feeds, for repeated use by fish,
for the production of protein-vitamin preparations by means of
microbiological synthesis. Utilization of the biogenic wastes
of industrial fish farming enterprises allows a conversion to the
use of the nutrients of the feed and biogenic elements in a
closed cycle, which appreciably raises the economic efficiency
of the enterprise and presents environmental pollution. The
problem is simplified by the fact that in contrast to industrial
and domestic effluents fish enterprises do not discharée substances
which are toxic or pathogenic for man.

‘Biological research and engineering developments. has allowed
industrial technology to be developed for raising ‘carp in the.
warm waters of nuclear power stations.

The realization of this technology in the design of the

Kursk fish factory will provide:

- a 2.5-fold acceleration of the maturation of carp breeders
compared to pond farms; (

‘- technology for the monthly year-round produCtion of fish
larva;

- technology for raisihg carp fry providing for a growth

of carp larva at a stocking density of 70 thousand/m3;
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- production of this year's brood of carp having an average
weight of 30 g at an output of 8000 fiéh/m2 and productivity of
24 kg/m?; -

- production of commercial carp having an average weight of..
500 g at an overall productivity of 150 kg/m2 or 250 kg/m3;

- reduction of the schedule for the productioh of commercial
carp to 8 months.

At the present time a whole host of warm water farms have -
been built both here and abroad. The Cherepetsk, Mironovskoe
and Kiev farms are operating sucéessfully in the USSR. However,
all these operate on a single-cycle scheme and only at the Kursk
project has this fundamentally new approach to the fish farming
use of waste warm water been realized.

It should also be noted that the fish farm being built is
the first step in the creation of an energy-biological complex
at the Kursk nuclear power station.

At the present time new types of hothouses intended for
low potential heat are being developed.

" The use of waste heat for the needs of the microbiological
industry is quite promising. At the same time, the waste pro-
dﬁcts of the fish farming complex can serve as sfarting materials
for the production of feed yeasts and certain enzymes in micro-
biological production.

A new direction is the use of waste heat to heat ﬁushroom
farms, in which the wastes of the fish farming enterprise are used

as fertilizers.

The first experiments in placing a floating substrate for
growing certain vegetable and berry crops on the water area of .
fish breeding ponds in cooling ponds presents much interest.
.Here a double benefit is achieved: additional production and puri-
fication of the water of biogenic elements.

All these studies are aimed at creating a unified energy-
biological complex operating in a zero-waste technology. Only
in this case is it possible to produce maximum benefits.

In the future it is planned to step up the work in the
comprehensive utilization of waste heat, moreover the interests
of power engineering and the branches using warm waters must be

correlated by a common technology calling for optimization of




123

the operation of all-segmenﬁs ofpthiéngpmplex, In various in-

stances it is possible that one or another branch will predominate.
Future develoﬁment of warm watef fish farms will proceed

in close correlation with all participants of the energy-biological

complex. Farms 6perating on a continuous technology will

-be developed preferentially.
It is believed that these studies will result in the develop-

ment of scientific bases and concrete proposals for the creation

of these farms at all large scale power objects.



Figure 1. Block diagram of energy-biological complex.
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Figure 2. Block diagram of fish farm

at Kursk nuclcar power station.
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INTRODUCTION : Co o e

The variety of natural conditions of the USSR, the increas-
ing shortage of water in a number of the industrial regions of
ﬁhe countfy, the demands of environmental protection, the in-
crease in the capacity of power statibns and in the amount of heat
given off by them, .as well as the need for a comprehensive
resolution of problems of the various branches of the national
eéonomy in designing heat systems of foséil fuel and nuclear
power plants pfedetermines the great variety of the cooling ‘
systems used. ‘

In selecting a power plant cooling system the aéceptability
of many possible system variants is usually reviewed, after which
the more expedient and workable variants are, in correspondence
Qith the laws of the USSR, presented for analysis and approval
to health inspection agencies, fish resource protection agencies
and agencies regulating the distribution of water resources.

The optimum variant of the heat removal system is adopted
according to the totality of eConomic'factors and approval con-

ditions.

l. DIRECT-FLOW SYSTEMS

In those cases where heat is removed into rivers and general-
use bodies of water (including seas, oceans, water reservoirs,
canals, etc.), the specifications of the "Rules for the protection
of surface water..;" are observed; according to these rules the
average monthly water temperature in a body of water 500 m from
the point of warm water discharge must not rise by more than 3°C
compared to the natural average monthly water temperature at the
surface for a hot year with a certainty within 10%. For bodies
of water used for fish farming the average monthly water tempera-
ture of the hottest month must not exceed 28°C more than once in
10 years, while for bodies of water where salmon and whitefish

dwell, this temperature must not exceed 20°C..

An obligatory condition for the use of open direct flow
cooling systems with water intake from bodies of water used for
fish farming is the prevention of fish and especially fry from

falling into the .water supply of the power plant. 1In some
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cases construction of fish farms is allowed as compensation for
the loss of fish i1n water supply systcms. A

For observation of the norms of temperature regime for bodies
of water receiving warm water, the following techoioal solutions
are provided in dependence on the hydrology and morphology of
the body of water: ‘

- discharge of warm water into bays or bodies of water cut
off from the main body of water for preliminary cooling;

- spray installations above warm-water discharge canals,
for preliminary cooling and aeration of waste water during hot
periods of the year; _

- ejection water-discharge systems, which ensure threefold
dilution and mixing of warm water at its discharge point. 1In
addition to reducing the water temperature ejection.water dis-
charge reduces the appearance of algae, garbagé and yoong fish
to the water intake and by stepping up flows improveé the quality
of water in the body of water; ,

- deep water intakes from stratified bodies of wéter with
depths of more than.10-12 m ensures the intake of the colder water
from bottom layers. \ '

- In those cases where the difference between the temperatures
of the surface and bottom layers is 8°C or more, and the volume
of the body of water is sufficiently large, even after the water
is heated in the turbine condensers by 9-10°C the temperature
of the discharge water in the warm periods of the yéar may be
lower than the temperature of the surface layers of the body of
water.

Besides reducing the temperature of cooling water these
water intakes eliminate the appearance of floating trash, algae
and slush ice in the water supply system, and also serves as
a fish protection device due to its low intake velocities (0.05-
0.2 m/s) and the shadow created by the hood, baffle platé.

In addition to deep water intakes the following have been
used as fish barrier devices: ' '

- electric fish barriers with electrodes lowered into a
conducting. channel and connected to a constant current source.
However, such fish barriers have not turned out to be effective;.

- net fish barriers with a fish outlet and with jet washing

of the fabric of the net having mesh from 2 x 2 mm to 4 x 4 mm .
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Net fish barriers have also not.'found extensive application at
power plant water intakes because of their size, difficulty of
operation (cleaning of trash), the need to remove them during

the freezeover period, high costs and so forth.

Net drums of various de51gns are used for relatlvely low
water flow rates to 2-5m /s. Conical screens with fish outlets
and rotating wash dev1ce are also used.

For low water flow rates to 5-10 m /s filtering fish barriers
in the form of cassettes made of various filtering materials
are used with various methods for cleaning them and stone rubble
dams are also used.

Fish barriers in the form of floating booms and baffle
hoods provide 65% efficiency of fish protection.

The design and construction of experimental air bubble fish
barrier curtains is being carried out at the water intakes of two
power stations.

It should be noted that at the present time extensive research
is being carried out in the USSR and abroad on effective designs
for fish protection devices, but sufficiently good decisions

have not yet been worked out for their extensive use.

2. RETURN SYSTEMS WITH COOLING PONDS

The high required cooling water consumption, which reaches
300 m3/s and more for a nuclear power plant, the rigid requirements
for the protection of bodies of water from a thermal effect of
power plant waste water (in our opinion not yet sufficiently
substantiated and not taking into full account the variety of
climatic conditions of the country) ana the low efficiency of
existing methods of fish protection restrict the use of direct-
flow systems for removing heat into bodies of water, even though
‘ at the contemporary level about 30% of the power stations operate
with this kind of cooling system.

About 50% (with regard to output) of the thermal and nhclear
power plants of the country wereAdesigned with return cooling

systems with cooling ponds, which are set aside for the separate

use of power plants.
'~ Cooling ponds are normally designed for low-value (swampy,

salty) lands =-- in ravines, valleys of small rivers, in cut-off
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shallow water areas, in water.,.sheds‘with filling .and make=up -
water from external sources.

The area of cooling ponds is selected in accordance with the
output and type of power station, topographic, geologic, hydrolo-
gic, etc., conditions and ranges from 2-3 to several dozens of
square meters. On the average the optimum unit area of the pond
is 4-5 mz/kw for a fossil fuel power plant, and 7-9 m2/kW‘for
a nuclear power plant.

The principles for organizing the flow of cooled water in
cooling ponds depend on the depth of the pond, its plan configura-
tion and wind direction.

For shallow ponds with an average depth of 3.5-5.0 m the
flow of cool water is distributed over the surface of the cooling
pond-with the aid of open discharge canals, jet-directing dams,
floating collecting walls so that the highest water temperatures
and correspondingly the maximum heat transfer is on the maximum
part of the water area in the regiﬁns of the water discharggs.

For deep ponds with a depth of more than 10 m volume circu-
lation schemes are used with artificial temperature stratification.

Cooled water is collected by deep water intakes, and warm
water is discharged in a dispersed fashion into the surface
layers of the cooling pond. 1In doing so long canals and jet-
directing déms are not built, and the water intakes and water
discharges are placed in direct proximity from each other (even
up to combining them) and from the area of the power plant.

In cooling ponds for the private use of fossil fuel and
nuclear power plants and which are isolated from general purpose
bodies of water and streams, theé water temperaturebiéQél is not
restricted by the specificapions of the "Rules for the protection
of bodies of water...". A specific thermal regime (the tempefa-
ture level is significantly higher than in natural'bodies of water),
specific hydrobiological conditions which are often favorable for
raising thermophilic plants and fish, are created in them.

.Combating overgrowth of poh@s with higher aqueous plant life
is performed mechanically (mowing machines), biologically by
raising plant-eating fish (silver carp, grass carp, telyapivya,
etc.). Overgrowth of the water supp 'y track by mussels and
algae, is as a rule dealt with by periodic prophylactic heating

of the track to a temperature of 35-45°C by feeding hot water
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to the intake of the circulation pumps or by reverse flow of"

water through the condensers and pumps. At this temperature level

the larva of mussels, Balanus, zebra mussels and algae perish

in 30-50 minutes. Hot water washing is carried out without turn-

ing off the turbines during a period of a load drop (at night,

during weekends) at a frequency of 1-2 times per month during the

growing period. ’
Filled cooling ponds located at high points are often used

as hydrostatic basins for water storage power stations, allowing

a significant peak output to be obtained due to the available

capacity of water from the pond through the hydraulic power station

and allowing the load curve of a nuclear power station to be

smoothed out by pumping water to fill the pond during periods
of low electric 1loads.

In such energy complexes a low-lying general-purpose
body of water is also used for cooling, while the higher filled
pond -- the hydrostatic basin for daily regulation =-- is used
for precooling of waste water to normative temperatures.

In addition, the hydrostatic basin can be used to supply
water for irrigation with warm Water and to hothouses with water-
filled roofs, since because of its height it towers abo&e farming -
land in the vicinity of the power complex. Such solutions
involving comprehensive utilization of water resources ahd the
waste heat of nuclear power plants allows the thermal efficiency
of the power plant and the efficiency of water use to be increased

while observing environmental protection laws.

3. RETURN SYSTEMS WITH COOLING TOWERS

In cases where the power station is located near the points
of consumption of thermal and electric power (thermoelectric
powef plants in cities and at industrial enterprises) or at fuel .
sources (at- coal mines), where it is impossible or economically
inexpedient to create cooling ponds systems for removing heat
with the aid of cooling towers are uséd. Until recently evapora-

tive towers with irrigation areas from 1200 m2 to 9400 m2 with

tower height from 40 to 150 m were most commonly found (up to
15% of power plants). In regions with moderate climates the

towers were built from monolithic reinforced concrete. There are
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-towers 60 m in height built from prefabricated reinforced concrete
elements. For northern regions with air temperatures below

-28°C and also for regions with seismic activity greater than 7
points the cooling towers are made with a steel framework and

are faced with corrugated aluminum sheet material.

The water distribution of towefs 1s hydrostatic tube-type
with plastic spray nozzles, the irrigators are counterflow film
irrigators made of asbestos cement sheets or wood battens, and
the skeleton of the irrigator is made from prefabricated reinforced
concrete elements. Large towers are outfitted with louver-type
water traps. The optimum irrigation density is 8-10 m /m2~hr.

Fan towers are used in Soviet power engineering little and
only in regions having a hot and humid subtropical climate, since
they are less econcomical to operate.

In the USSR there is favorable experience in the use of

"dry" towers for 200 MW plants in a region of high water scarcity.

4. COMBINATION COOLING SYSTEMS.

In recent years combination cooling systems have become
common. These have relatively small cooling ponds 5-8 km2 in
érea in combination with additional artificial cooling towers,
spray devices, which are turned on in the hot periods of the year.
The advantage of these systems is the sufficiently high thermal
inertia of the system, which allows.peaks in the temperatures of
the cddﬁing water to be smoothed out; the possibility of lengthy
operation of the system without adding ﬁake—up water due to the
operation of the water reservoirs; maintenance of optimum tempera—
ture regime in the winter; greater maneuverabilipy in changing
loads of the power plant. A '

In these systems the coolers operate in pafallel and the
flow rates of cooling water are distributed among the coolers in
dependence on the changing meteorological factors and loads. 1In
addition, the great freedom in the désign of the general plant
allows combination schemes to be used when expanding existing
power plants.

In a number of regions of the country having continental
climate and mountain-feed river networks, i.e., with high flow

in the summer and very low flow in winter, it has turned out to
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be expedient to use combination cooling schemes with "dry" towers,
which are intended for operation in the winter when there is

a temperature drop between the cooled water and the outside air
of 60-70°C.

In summer, when the water temperature in the rivers is low
and flow rates of water are rather high, direct flow water
cooling is provided. Such schemes are economically justified
for northern regions, where the water streams freeze to the
bottom in winter (permafrost regions) and it is very difficult
to obtain make-~up water. For the regiohs of Central Asia with
intensive land irriéation the heating of the water used for
irrigation in the condensers of the power stations increases the
harvest.

5. SUMMARY

Specification of a cooling system for thermal and nuclear
electric power plants represents a difficult and complex task
énd is resolved for each power plant on the basis of optimization
calculations which take into account not only the specific
conditions of the regions and site of the thermal or nuclear
power plant, capital investments and operating costs for power
engineering, but also the economic effect obtained in other
branches of the national economy in the utilization of waste
heat in agriculture and fish farming, the extension of navigation
periods, and the improvement of the sanitary condition of bodies
of water and the air of basins.

The difference in tﬁg5conditions for the construction of
power plants have predetermined the broad range of unit cost
factors for various.systems for removing heat with respect to

capital investments from 3 to 30 rubles per kW installed power.
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RAZDAN (RASDAN) THERMAL POWER STATION

Note: Information given herein has been taken from a
brochure. Accompanying photographs have been
deleted for sake of brevity.




Rasdan Thermal Power Station

The general loyout of the Rasdan Power Station
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HISTORICAL REVIEW

The Rasdan Thermal Power Station belongs
fo the Power System of the Armenian SSR.
through which it is linked up with the inte-
grated Trans-Caucasian grid.

The development of the Armenian Power
System has been started with the construc-
tion of hydraulic power stations in the years
before and during World War Ii.

During the 1960's, the growth rate of power
production was increased by the rapid
industrial development. In order to meet
the demands. construction of thermal po-
wer stations of larger unit capacities was
starfed. This frend was promoted by the
fact that, due to the technical development
of industry, long distance transportation of
electric power and fuel became possible.

In the period between 1959 and 1965 the
construction of three larger gas and oil
fired district heating power stations has been

started in Yerevan. Kirovokan and Rasdan.

In the above mentioned period the capacity
of thermal power plants in the Armenian
SSR increased by 274 MW.

In the following years the capacity of the

existing power stations has been increased.

The capacity of the Yerevan district heating
power station has been increased to 550
MW. and installed capacity of the Rasdar
P. S. in its present state reaches 1 1_2_0_ﬁw

Today the Rasdan Power Station produces
more then 509% of the tofal output of the

Armenian Power System.

Continuous and unlimited eleciric power
and heat supply to the consumers is assured
by the systematic extension of the capacity

of the Armenian power system.

The Rasdan Power Station consists of two
main parts: an industrial power plant and a
condensing power plant. Construction of
the industrial plant was started in 1963 and

the last unit was put into operation in 1970.

The indusirial plant consists of two PT-50
type 50 MW and two T-100 type 100 MW

extraction condensing turbines.

In the industrial plant turbosets are cross-

connected.

Construction of the condensing plant was
started in 1969. In its present state. it
consists of two K-200-130 type 200 MW and
two K-210-130 type 210 MW turbines.

Extension of the Rasdan power station up to
a capacity of 1120 MW raised problems of
cooling water supply. The shortage of local
water supply and rapid development of
irrigation in agriculture necessitates the
saving of the existing water reserves. there-
fore all the four turbines of the power plant
have been provided with dry cooling fowers
system Heller which has been developed in
Hungary and it has been imporied from
there.

A residential quarter provided with all
comforts has been built for the staff of the
power station and of other industrial works
situated in the neighbourhood.

The residential quarter is provided with the
necessary shopping cenire. schools. infants
nurseries. kindergartens and other social

establishments.
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INDUSTRIAL PLANT

The boilers and the turbines of the industrial
plant, having a total capacity of 300 MW,
are cross-connecied.

BOILERS

The steam supply is assured by 5 mixed
natural gas and residual fuel oil fired boi-
lers made by the Barnaul Boiler Factory.
The boilers are of the single drum natural
circulation type. On both the front and rear
side 5 burners are installed which are sui-
table for gas and residual fuel oil firing.
The boiler consists of a radiated vertical
combustion chamber, a horizontal and a
convection down-coming flue gas pass.

A rofary regenerative air heater is used for
air heating.

Technical data:

No. of boilers 1to5
Manufacturing works BKZ Barnaul
Type BKZ-320-140 GM
Capacity 320 t/h

Steam pressure 140 atg

Steam temperature  560° C
Feedwater tempera-
ture 230° C
Boiler efficiency
— with residual fuel

oil firing 91.9%
—with natural gas

firing 92.4%,
Temperature of out-
let flue gas
— with residual fuel

oil firing 154° C
— with natural gas

firing 137° C
Auxiliary equipment

induced draught

fans per boiler 2

forced draught
fans per boiler 2
Rotary regenerative
air preheaters
per boiler
Fuel:
Natural gas 47% of the total fuel cunsump-
tion
Calorific value 9020 kcal/Nm?
Transportation by pipeline
Residual oil 53% of the total fuel consump-
tion
Calorific value 9950 kcal/kg
Ash content 0.5%
Moisture content  0.1—0.29
Sulfur content 0.3-0.4%
Specific weight 925 kp/m?
Transportation in railway tanks

TURBINES

The industrial plant is provided with two
PT-50-130/7 type and two T-100-130 type
exiraction condensing turbines.

Technical data:

PT-50-130/7 turbines

No. of turbines 1 and 2
Elecirical output 50 MW
Speed © 3000/min

Initial steam pressure 130 atg
Initial steam tempe-

rature 555° C
Condenser pressure 0.053 ata

Steam extraction
with regulated
pressure of 7 ata 118 t/h
with non-regulated
heating extraction
at pressures of 0.6
to 2.5 ata, and
with non-regulated
heating extraction
at a pressures of
0.5 to 2.0 ata total 76 t/h
equivalent to 40 x 10* kcal/h
T-100-130 turbines

No. of turbines 3and 4
Electrical output - 100 MW
Speed 3000/min

Initial steam pressure 130 atg
Initial steam fempe-

rature 555%€
Condenser pressure 0.053 ata

Steam extraction:

with non-regula-

fed heating extrac-

tion at pressures of

0.6 to 2.5 ata

with non-regula-

ted heating extrac-

tion at pressures of

0.5 to 2.0 ata total 310 t/h
equivalent to 160 x 10¢ kcal/h

Condenser: with built-in tube bundle for
preheating make-up water.
Cross-connection between turbosets per-
mits all turbines to be connected with all
boilers.

The industrial power plant is provided with
6 boiler feedpumps which are working on
a common system as well as 2 circulating
wafer pumps per each turbo set.

Natural draught wet cooling towers are
used to cool the condensers.

Water consumption of the indusirial power
plant is: 1450 to 1500 t/h.

Water is supplied by a pumping station
located on the nearby river Marmarik.



No. of generators 1and2 3and 4

Type TVF-60-2 TVF-100-2
Power faclor 0e 0.85
Rofor current 1635 amp 1650 amp
Stator voltage 6.3 kv 10.5 kV
GENERATORS Exciter voltage 210V 280 V

: Exciter current 1635 amp 1680 amp
Stafor cooling hydrogen
Rotor cooling hydrogen

Industrial Power Station Flow Duagram
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ELECTRICAL EQUIPMENT

The generators of the industrial power plant
are connected to the integrated grid by
means of two TDTN-63000/110/35 type
and two TDCG-125000/220 type main
transformers.

The outdoor switchgear is operated on two
different rated voltages: 110 kV and 35 kV.
MKP-110 and MKP-35 type oil circuit-
breakers are installed between main trans-
formers and the distribution network. The
auxiliary power supply is provided through
two service and one standby 6.3 kV cable
circuits.

For the power supply of sets No. 3 and No. 4
one TDNS-16000/10.5 type transformer
with off-load tap changer is used. One
TDN-16000/110 type transformer is built
in as a standby for auxiliary power supply.

INSTRUMENTS AND CONTROL

The industrial power plant, the common
waler freatment plant and fuel supply
system are equipped with an automatic
conirol system consisting of Soviet made
automatic control and measuring devices.
500 remote operated valves and 250 control
units can be operated from the plant control
room. 2000 measuring units are used for
confrolling the thermotechnical processes.
Turbosets of the industrial power plant have
been commissioned as follows

No. 1 PT-50-130/7 Dec. 1966
No. 2 PT-50-130/7 Oct. 1967
No. 3 T-100-130 Oct. 1969
No. 4 T-100-130 Dec. 1969

Condensing power plant

The condensing power plant, having a total
capacity of 820 MW, consists of four turbo-
generator units. The 4 condensing turbosets
are placed in a machine-house independent
of the industrial plant. The central office
building, workshops and other auxiliary
buildings are attached to the machine house
of the condensing plant.

BOILERS

Each turbine unit is provided with a gas-
and residual fuel oil fired boiler made by
the Taganrog Boiler Factory. The boilers
are of the single drum natural circulation
type. This boiler type consists of a radiated
vertical combustion chamber, a horizontal
and a convection down-coming flue gas
pass. On the front side there are 12 combi-
ned burners suitable for natural gas and
residual fuel oil firing. The burners are
arranged on two levels with 6 burners on
each level. Rotary regenerative air heaters
are used for air heating.

Technical data:

No. of boilers I to IV
Manufacturing works TKZ Taganrog
Type 1 TGM-104
Capacity 640 t/h
Superheated steam

pressure 140 atg

Superheated steam
femperature . 545°C
Reheated steam

pressure 22 alg
Reheated steam

temperature 545° C

Feedwater fempera-
ture 230°C
Boiler efficiency
—with residual oil
firing 93.85%
—with gas firing 94.249,
Exit flue gas fempe-
rature
—with residual oil
firing 135° C
—with gas firing 121°C
Auxiliary equipment
Induced draft fans
per boiler 2
Forced draft fans
per boiler 2
Regenerative rotary
air heaters per
boiler 3
Fuel:

The same as in case of the industrial power
plant.



TURBINES
The condensing power plant consists of
two K-200-130 and two K-210-130 type
turbines.

Technical data:
No. of turbines
Electrical output

Initial steam pressu-

1ol W to IV
200 MW 210 MW

re 130 atg
initia! steam tempe- ;
rature 540° C
Reheated steam

pressure 20 atg
Reheated steam

temperature 540° C

Condenser pressure 0.06 ata

Specific heat con-
sumption of unit
Type of the conden-
ser jet condenser
Natural-draught dry
cooling towers System
Heller
Mechanical-draught
wet cooling fower

2040 keal/kWh

Cooling system

Auxiliary cooling

Condensing system

For the cooling of condensers of the four
turbogenerator sets natural-draught dry

" cooling towers System Heller were installed.

This type of cooling system was developed
in Hungary.

With the dry cooling system, no water is
required for condenser cooling. Therefore,
taking into consideration the limited water
resources in the Armenian SSR, the adop-
tion of this cooling system was fully justified.
At the same time the construction of the air
condensation system also offers the possibi-
lity of investigating the application and ser-
vice conditions of such equipment with tur-
bines of larger unit capacities and under
climatic conditions prevailing in the Soviet
Union. The air condensation equipment in
Rasdan can be regarded as a special solu-
tion as the site is 1750 m above the sea level.
As a consequence of the low specific weight
of the cooling air, the natural draught
cooling fowers are about 1.7 times higher
than the cooling towers of the same capac-
ity when built at sea level. Thus, instead of
a 70 m high cooling tower built under nor-
mal conditions, 120 m high cooling towers
were selected for Rasdan. These cooling
towers have further special features. Con-
sidering the earthquake hazards, extremely
light cooling towers had to be built using
steel structures covered with corrugated
aluminium sheets.

The dry cooling system has been designed
in Hungary jointly with the Teploelekiro-
projekt in Raostov. All the main equipment,
including the complete cooling towers and
air-cooled heat exchangers, the cooling

water pumps, and recuperalive waler tur-
bines, as well as the jet condensers have
been manufactured in Hungary.

The air condensation equipment consists of
a totally closed cocling water circuit.
Warmed-up cooling water leaving the
condenser is cooled down in the aluminium
elements arranged around the periphery
of the cooling tower. In order to obtain
better condenser vacuum, jet condensers
have been provided. Using jet condensers,
a temperature differerce less than 0.5° C
between condensing steam and outlel cool-
ing water can be guaranteed. Since the
cooling water circuit is completely closed.
feed water quality canr be maintained in
the c.w. system. permilting the application
of jet condensers. By the application of the
air condensation equipment, scale deposits
in the condenser tubes and consequent
deterioration of specific heat consump-
tion—which is associated with surface type
condensers—can be avoided.

Technical data of the air condensation
equipment:
Condenser heat duty
per unit

Steam quantity enter-

240.8 x 10* keal/h

ing the condenser 450 t/h
Design air tempera-
ture 5.2° C dry bulb.
Cooling water quan-
tity 12,000 m?/h
Cooling wafer tem-
perature rise in the
condenser 109° C
Number of cooling
towers per unit 1
Base diameter 108 m
Height 120 m
Top diameter 60 m
Steel structure with

Material
: corrugafed alumini-
um covering

Weight of steel

siruclure 1300 t

Weight of aluminium

covering 1301

Number of built-in

aluminium heat ex-

changers 119

Type of heat exchan-

gers slotted fin type alu-

minium heat ex-

changers-System
JForgo —consisting of

15 m high and 9 ton

weight elements
Control of heat

dissipation with motor operated
louvres
Number of conden-
sers per unit 2
Condenser system
—Type jet condenser
—Weight 2x601
—Type of spray
nozzles Flat water-film spray

“nozzles 1872 per

condenser
Number of cooling
water pumps Two 509%, capacity
pumps per unit
Driving motor 6000 V. 1100 kW

Recuperative water

turbine per unit 1

Recuperative gene-

rator 6000 V, 620 kW
Total pumping

power 1580 kW

Due to the application of the dry cooling
system water consumption of the units of
the condensing power plant is not more
than 100 to 150 m?/h.

From this quantity 70 to 80 t/h is used as
make-up water. The remaining quantity
is required for auxiliary cooling.
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GENERATORS

No. of generators | to IV
Type TGV-200 M
Power factor 0.85
Rotor current 1890 amp
Stator voltage 15.75 kv
Stator current 8625 amp
Exciter voltage 475V
Exciter current 2000 amp
Stator cooling water
Rotor cooling hydrogen

ELECTRICAL EQUIPMENT

Each of the four generafors having an out-
put of 200 and 210 MW is connected fo the
220 kV nelwork by means of a generafor
transformer of. 250.000 kVA. The fype of
the transofrmers is TDC-250.000/220. On
the 220 kV voltage level a double bus-bar
system and a bypass bus system are avail-
able to ensure overhand of circuitbreakers
and ftransformers. The transformers are
connected fo the 220 kV network through
BZN-220/10 type air-blast circuitbreakers.
Bearing in mind the high mountain condi-
tions, lightning arresters are installed in the
220 kV circuits.

One TRDN-32.000/110 type transformer
and o TRDN-35.000/35 A type standby
transformer is used for auxiliary power
supply of the condensing power plant. In
case of oulages of the auxiliary plant. the
standby transformer is swilched-on automa-

tically

Schematc diagram of elecirical equipment
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INSTRUMENTS AND CONTROL

With the four units of the condensing pewer
plant the technological processes are eufo-
mated. 250 remote operated valves per
unit equipped with electric molor drives
can be operated from the conirol panel.

From the unit control room the 200 regulat-
ing organs of each unit can be operated by
a selective control. All blocks are provided
ferrodynamic instruments with PF fype
integrated output converters, the oufput
signals of these are suitable for connection
to an EVM type electronic computer. For
each turbogenerator unit 1400 such measur-
ing units are installed. The units are also
provided with signal integrating devices,
and the mean values are prinfed out in
every 8, 16 and 24 hours. It was the first
time in the Soviet Union that for 200 MW
units such aufomatic systems have been
provided, which greatly facilitate the
starting process, improve the safety of
operation and diminish fuel consumption
during starf-up. Such equipment comprise
the turbine speed regulator, the fuel supply
regulator, the superhealed steam fempera-
“ture regulator.

The operation of the air condensation
equipment is also fully automated.

Fully automatic sequence control systems
are provided for filling-up and draining of
cooling towers, the starting and stopping of
circulating water pumps and for operating
the frosi-protective equipment, so outages
due to maloperations can be avoided.
Units of the condensing power station have
been commissioned as follows:

No. | K-200-130 Jan. 1971

No.#l  K-200-130 Dec. 1971

No. M K-210-130 Oct. 1972

No.IV  K-210-130 Jjuly 1974

Connection diagram of the air cooled condensing plant
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WATER TREATMENT PLANT

The raw make-up waler, preheated in the
turbine plant is led by a double piping
system into the settling basin of the water
treatment plant. In the settling basin sus-
pended matiers are removed by adding
coagulant chemicals. From the setiling ba-
sin water enters the reservoir and from the-
re it is pumped through mechanical filters.
The mechanical filters are provided with
antracite filling.

The settled, fillered raw water gets info the
two-siage cation-anion ion exchangers.
After the first stage a CO, gas separator is
built-in. The demineralizad water leaving
the water treatment plant is stored in a
tank and from here it is delivered fo the
industrial and condensirg power plants.
The two power plants have a common wa-
fer freatment plant having a capacity of
600 m?/h.

= A water Treatment Plant

- Flow Diagram
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APPENDIX D

ELECTRIC POWER SYSTEM OF ARMENIAN SSR .

Note: Information given herein has been taken from a
_brochure. Accompanying photographs have been
deleted for sake of brevity. .




The eleciric power system of Armenian SSR covers the
entire territory of the Republic: It is part of the Transcaucasian
unifed power system which also includes the power systems of

Georgia and Azerbaijan. The terrifory serviced by the power -

system amounts to 29.8 thousand sq. km with a 2.émillion
populafion.

The Armenian power system incorporates power plants
and stations of all kinds, such as condensing plants, heat-eleciric
generaling stations and hydroelectric power stations. An afomic
power station is now being constructed. The installed capacity of
all the power stations of the system made up 2.48 million kilo-
watls on the 1st, January, 1975 with the power output in 1974 of
8.5 milliard k Wh.

The power system managemeni of Armenian SSR has’

developed from small individual power plants incorporating
low-power equlipment to a large power sysiem which meets the
power requirements of highly developed socialist industry and
highly productive and mechanized agriculture.

" The total capacily of power stalions of pre-revolutionary
Armenia made up only 3165 kW at an annual power oulput of
5.1 million k Wh. The largest power plants built near copper ore
deposits belonged to foreign concessions. in 1909 an Alaverdy
hydroeleciric power station was constructed on the Debed
river. It incorporated three 360-kW water-wheel generafors
and was second in power output in tzarist Russia.

Ih 1920 the Soviet power was established in Armenia as
«a result of the victory of a national uprising supported by the
Red Army. The people took the wealth of the country in their
own hands.
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The development of the Republic’s national economy was
determined by the Lenin’s GOELRO plan (Plan of electrification
of Russia) which envisaged in particular, the construction of
a hydroelectric power plant of about 85-thousand kW capacity
on the Gokicha (Sevan) lake. During the early step of develop-
ment of power generation, emphasis was laid on local power
resourses, i. e. on hydraulic power.

In early twenties, it was decided to build a hydroelectric
power station on an irrigation canal near Yerevan. In,May, 1926,
the first stage of the Yerevan hydroe.lecfric power station com-
prising two 880-k W water-wheel generators was put in opera-
tion and in 1929 ils capacity was as high as 4560 kW. At the

Thermal Power Delivered by Power Stations of Armenian

‘Power System

samé l{ime, power transmission lines of 22 kV connected the

- hydroelectric power station with the Aygerlitch pump plant (the

first mechanical irrigation installation) and then, with the Arzni
health resort.

The besi equipped hydroelectric power stations built during
the first Five-Year Plans were the Dzoraget station of 22.2-thou-
sand kW capacity on the Dzoraget river (1932) and the Yerevan-2
hydroelectric power station of 2.4-thousand kW capacity (1932),
the latter being the first automated station in the USSR. The
Dzorager station was connected with the Kirovakan city via the
first in Armenia power fransmission line of 110 kV.

In spife of apparent success achieved in the construction of
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hydroelectric power stations it was obvious, however, that
dependable power supply for the needs of national economy
cannot be ensured through the utilization of the run-off of moun-
tain rivers which have no water reservoirs for hold-over storage.
A necessity arose to build power stations having a stable power
output all year round, such as thermal-eleciric stations or
hydroelectric stafions with seasonal storage reservoirs. Since
Armenia has no fuel deposits and the cost of imported fuel was
rather high at that time, the development of hydroelectric power
engineering was quite natural.

The problem of reliable power supply for the needs of the

Republic’s industry and agriculture and of the development of -

the irrigation system’ was solved due to the utilization of the
Sevan lake and Razdan river waters.

in 1931 a plan was drawn Up envisaging the utilization of
the waters of the Sevan lake and the Razdan river for irrigation
and power generation. It was planned fo construct a cascade of
six hydroclectric power stations and 17 irrigation canals to

supply water to a cultivcted area of 120 thousand hectares in the
Ararat plain. ’

The Kanaker station was the first of the cascade. The first
water-wheel generator of this station (10.6 thousand kW)
started in 1936 made it >ossible to afford highly dependable po-
wer supply to the consumers of the Yerevan power centre and
to join the hydroelectric stations of the Republic for parallet
operation. By that time the Armenian regional power system
management (Armenergo) was organized.

Since early 1938, as the construction of the Kirovakan-
Spitak-Yerevan, and then Spitak-Leninakan 110-kV power trans-
mission line was brought ic the end, Armenergo began joining
the hydroelediric stalions for parallel operation. Hence the
Kanaker stalion was combined with the Dzoraget station and its
capacily reached 42 thousand kW, Somewhat later, the Kanaker
station was placed in joint operation.with No. 1 and No. 2 Yere-
van sialions, and by the end of that year, with the Leninakan
station.

Thus, by the end of 1938 cll the power stations of the Re-

- public were united info the Armenian power system, the leading

one being the Kanaker power station which has considerably
increased the reliability of power supply for the neceds of na-
tional economy due to is storage ability. )
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All the power stations built and placed in service after 1938,
with the exception of a few ones, were included into the power sy-
stem. Only farming power plants of Selenergo and collective
farms, as well as small hydroelectric power stations and the power
generating frain belonging to the enterprises of the Ministry of
Non-ferrous metallurgy in the south of Armenia were not joined
to the Republic’s power system. These power stations were in-
cluded in the system in 1958 after the Atarbekyan-Shinuajr-
Kadzharan 220-kV power transmission line was completed.

The construction of the first stage of the Sevan-Razdan
cascade, the Sevan hydroelectric power station, was started in
1940. This station was meant, in addition, to function as a water
intake; preparatory work was carried out for the construction
of the Gjumush hydroeleciric power station. When the Great
Patriotic War broke out, the construction of power generating
and supply installations was ceased for the time being. The war
was not yet over, however, when the construction of the Sevan-
Razdan cascade was recommenced. In 1953 the largest Gjumush
hydroelectric power station of 224-thousand kW capacity was
placed in operation. The power output of the Armenian system
grew twice as high. The characteristic feature of the power
system of that time was that it included, for the most part, high-
manoceuvrability hydroelectric power stations.

In the second half of the fifties the initial plan of utilization
of the Sevan lake waters was revised. Backed up by a great
experience in the hydropower construction in the USSR, the
Armenian specialists were able to build high-dam hydroelectric
power stations on the Vorotan river. Meanwhile, an immense

progress in Soviet thermal power engineering gave rise fo the
construction of thermal power stations in Armenia. The plan
was revised and a decision was adopted by the USSR government
to maintain the water level of the Sevan lake as close as possible
to its natural level, to reduce the water pass from 1200 to
500 million cu. m (380 million cu. m for irrigation and 120 miilion
cu. m for power generation). To restore water storage in the
Sevan, it was envisaged to build a tunnel of more than 48 km
to transfer part of the Arpa river flow fo the Sevan lake.

In 1960 the output of the Armenian power system reached

' 577 thousand kW. However, it was insufficient 1o compensate

for the reduction in power output of the Sevan-Razdan cascade
while the power demand of industry and agriculture was grow-
ing. In 1960 the power systems of the .three Transcaucasian
Republics Azerbaijan, Georgia, and Armenia — were joined to
operate in parallel. Power transmission lines were brought to
the Akstafa switchgear centre from the Mingetchaur hydraelec-
tric power station of Azglavenergo, from the Tbilisi-supercentral
power station of Gruzglavenergo, and from the Atarbekjan
hydroelectric power station of Armglavenergo. The power
deficiency in the Armenian power system was compensated for
by power transmitied from Azerbaijan. The 220-kV power
transmission lines connecting the Akstafa and Tbilisi stations as
well as the Akstafa and Mingetchaur stations were changed in
1964 to 330 kV, which made it possible to transmit more power
to the Armenian power system.

The first large thermal-electric station of the open type was
put in operation in Yerevan in 1963. The Kirovakan heat-electric




Armenian Cascades of Hydroeleciric Power Stations:: !
Sevan-Razdan Cascade: \ I
1~ Sevan; 2 - Atarbekjan; 3 - Gjumush; 4 - Arzni: S - Kanaker; - Yerevan; 7 ~ Arpo- \ \
Sevan Tunnel \ - 7

. Yorotan Cascade:
8 - Spandarjan;: ? - Shamb; 10 - Tater

generating plant was staried in 1964. The thermal-electric engi-
neering was further developing cumulatively. During the eight
Five-Year Plan (1966—1970) the investment in power engineéring
grew twice as large as during the preceding five years. 682-
thousand kW capacity was newly assimilated, including that

of the Razdan heat-electric generating plant (300 thousand kW), -

the Yerevan heal-electric generating plant (200 thousand kW),
Kirovakan heat-eleciric generating plant (25 thousand kW). The
construction of the Razdan supercentral power station was
developed. The design capacily of this station is 1200 thousand k W.

{n 1970 the Tatev hydroelectric slation of 157.2-thousand kW
capacity was built on the Vorotan river. The construction of the
first Armenian atomic power station was started.

In 1970 the capacily of the power system reached 1677
thousand kW and its power output considerably increased.

Along with the construclion of power stations, power
fransmission lines cnd substations were erected, particularly
after 1960. In 1970 the length of power transmission lines, rated
for 35 kV, increased almost twice, that of lines, rated for 110 kV,
2.5 fimes, and that of 220-kV lines, almosi 3 times. Within



ten years the transformer power capacity grew six as high and
reached 4300 thousand kVA. While in 1960 the power system
did not comprise 220-kV substations, in 1970 the installed capa-
city of 220-kV substation transformers made up 1030 thousand
kVA. *

A new technology has been widely introduced in the Arme-
nian- power system since 1950. Technological processes on the
hydroelectric power stalions have been automated.

By 1965 the water-wheel generators of all the main hydro-
electric power stations of the system were fully automated. The
Sevan, Dzoraget, No. 1 and No. 2 Yerevan hydroelectric power

stations were shifted to automatic control without constant attend- -

ing personnel. Measures were taken on the main hydroelectric
power stations 1o make their water-wheel generators suitable
for running as synchronous condensers, sixteen of them being
changed over o synchronous condenser operation automatically.
Avtomatic water-coarseregulators were installedin the Dzoraget,
Atarbekjan and some other hydroelectric stations. To ensure
trouble-free operation of the automated hydroeleciric power
stations, the latter were reconstructed, the equipment was rene-
wed, closed-circuit electrical control, telemechanics and high-
frequency coupling over the high-voltage lines were introduced.

In 1965 the centralized power and frequency conirol system

was fully introduced and made it possible 1o automatically
control power transmission over the infersystem 330-kV line
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connecting the Atarbekjan hydroelectric power station with
Akstafa.' The power sysiem is controlled from the Yerevan main
control centre,

Great attention was given fo the automaiic controllers of
thermal processes. Hence, In 1965 six boiler units of the Yerevan
and Kirovakan heat-electric generating plants were equipped
with automatic feed controllers, two boiler units were furnished
with combustion controllers and three units received superheated
steam coniroliers. Deaerating plants of the Yerevan and Kirova-
kan heat-electric generating plants are fully automated. Process
protective gears were introduced in the boilers and turbines of
these stations.

The 200-MW power generating unifs of the Razdan super-

ceniral power station incorporate feed controllers, superheated
steam femperature conirollers, condenser vacuum controllers,
thermal load conirollers, furnace pressure controllers, emergen-
cy spray controliers, etc. The power units are equipped with an
auvtomatic control system built around computers and logic
circuits. The cooling fowers of the ‘Razdan supercentral power
siation are furnished with automatic differential pressure regu-
lators which control the pressure of inlet and outlet (cooled)
walfer, :
The Republic’s industrial production will rise during the
ninth Five-Year Plan (1971-1975) by more than 60 per cent. As
a result, the growing demand of electric and thermal power will
cause an increase in the generation of electric power to 9.1 milli-
ard kWh and in the thermal power supply to consumers of up to’
6 million hectocalories.
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Four 200-thousand kW power units are being
placed in operation on the Razdan supercentral
power station. The Kirovakan heat-eleciric generat-

ing plant is expanding. The construction of “the.

Armenian atomic power station of 815-thousand
kW capacity is now underway. The middle and
uppér stages of the cascade of hydroelectric'stations
on the Vorotan river — the Shamb station and the
Spandaryan hydroelectric power station - are still
under construction. The Arpa- -Sevan tunnel will be
soon completed. The water level in the Sevan will
be maintained constant while waler passage from
the lake for power generation will be increased
mainly in winter time. As a result, the Sevan-Razdan
cascade of hydroeleciric power stations will contrib-
ute more to the conirol of the power system loads.

. 1600 km' of power fransmission lines, rated -

for 35 kV and higher, will be put in operation within
the ninth Five-Year Plan. New power transmission
lines (2000 km) and substations of 0.4 to 10 kV are
being further erected to satisfy the needs of farming
and domestic power consumers.

‘The organization .and development of the
eleciric power system in Armenian SSR accom-
plished with the brotherly assistance of all the peo-

ples of the Soviet Union was closely connected with -

the creation and advance of national specialist in
the job. Many of those, who started from Armglav-
energo, are now working in many elecmcol enier-
prises of the all-Union importance.”
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'MAIN POWER STATIONS OF POWER SYSTEM OF THE
- ' ARMENIAN -SSR - SRR

Razdan Thermal-Electric Power Station

The Razdan Supercentral Power Station 'is a power-generat-
- ing enterprise comprising a condensing power plant -and a heat-
electric generating plant both having a common management.

Design power of the condensing power planl is 1200 thou-’

sand kW. The plant comprises power units each consisting of a
200-thousand kW turbine unit'and a 640-t/h boiler unit. The
irst power unil was placed in operation in 1971,

The heat-electric generating plant capacity is 300 thousand

kW. It comprises two 50-thousand kW turbine units, two 100-
thousand kW turbine units, and five 320-t/h boilers. The first
turbine unit was put in operation in 1966 and the last one,
in 1969.

Fuel is furnace oil and gas. *

' Yeréva_n’Heat-Eleciric Generating Plant

The plant capacity is 550 thousand kW. It comprises five

-50-thousand kW heat-generating turbine units with five 420-t/h -

- boiler units, and two power generating units, each comprising
a 150-thousand kW turbine unit and a 500-t/h boiler unit. The

first turbine unit was started in 1963, the last (seventh) one, in

1966. A .
Fuel is furnace oil and gas.

-

Armenian A_tomic Station

7 . Design capacity of the station is 815 thousand kW. It com-
-prises two power-generating units. Each unit consists of water-

‘moderated water-zooled power - reactor BB3IP-440 and iwo
220-thousand kW turbine units. ‘
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Sevan-Razdan Cascade of Hydroelectric Power Stations

The cascade includes six stages. The total installed capacity
is 556 thousand kW; average annual power output within the

period of 1963 to 1972 has made up 1.21 milliard k Wh.

Hydroelectric Capacity, Mean annval
powaerstations thousand output,
kW million kWh
Sevan 34.24 57.4
.Atarbekjan 81.6 161.3
Gjumush 2240 453.5
Arzni 70.56 - 199.0
Kanaker 102.0 225.5
Yerevan 44.0 114.0

Vorotan Ca§cade of Hydroelectri;: Power Stations

This cascade of three hydroelectric power stations is being
built on the Vorotan river. The total installed capacity of the

cascade stations is 404.2 thousand kW. Mean annual output is

1.1 milliard kWh.

Number and Rated flow Maximum Volume of water Year,
power of rate, cv, mfs head, m 4 basin, million cu. m placed in
units, MW ' ' operation
per unit
i full I useful
2%16.96
1%0.32 65.0 50.0 - - 1948
2x40.8 70.0 138.0 - - 1959
4x%56.0 70.0 297.0 5.6 4.1 1953
3x23.52i 70.0 118.0 1.0 0.3 1956
4%12.5
2x26 60.0. 173.0 - - 1936
2x22.0 62.0 90.8 0.3 0.1 - 1961

Hydroelectric Capacity, Mean nnﬁual Number Rated flow Maximum Volum; of water basin, Year,
powaer stations thousand kW output, and power rate,cv, mfs head, m million cv, m placed in

million kWh of units, ' operation

MW per unit
full vaeful

Spandarjan 76 157 © 2% 38.0 30 394 277 237 - 1977
Shamb 17 330 2x85.5 75 314 9 80 1976
Tqiev 157.2 670 Ix52.4 3 576 1 3.6 1.8 1970
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ELECTRIFICATION OF NATIONAL ECONOMY IN.
.ARMENIAN SSR

The dependable electric power system of the Republic
has made it possible to develop industry, farming, agri-
culture, to improve the living conditions of the populaﬂon,
to raise their standard of culture.

Power Consumed in Armenian SSR, million kWh/per cent

Years
* Duscription
1960 1965 . 1970 1975 (planned)
Power output 2746.8 2855.2 6107.5 9110
Power supply to consumers 2716.4 3858.7¢ 57552 7557
. 100 100 100 100
including: .
Indusiry and construction _2320.4 _3109.5 _4388.9 5362
] 85.4 80.6 76.14 71
Transport ) 441 129 187.0 25
16 29 33 35 .,
Agriculture 1106 -2878 5113 870
41 7.5 8.9 11.5
Domestic needs of urban 226 290.4 525.0 850
population 83 TS 9.2 n2
l . .

* Power supply to consumers exceeds the power output which is compensated for at the expense of thelneighbouring power systems in-
cluded in the Transcauvcasian united power system,
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The most developed branches of industry in Armenia are . The development of economics of the Republic has
. “non-ferrous metallurgy, machine building (electrical engineer- *. ‘brought about a considerable increase in freight turnover.
- Ing,-radlo :engineering, machine-tool and apparatus building), Electrification of the Tbilisi-Leninakan-Yerevan-Sevan

textile, manufacture of natural structural materials,. as well as mainline rallway has made it possible to greatly increase
vine-growing-and fruit-growing and associated wine and canning

%20T/Y0L~T82 6461301140 ONILNIYd INJKNYIACO 'S &

industries. . :

AGB-fold increase in the production auipui of Armenia was,
achieved in 1972 as compared wilh the prewar year of 1940,
Power requirement for industry has increased 17-fold within
the same period of ime. While inold fimes Armeniadisplay-
ed at International fairs and exhibitions only -agricuftural
raw materials and their produce, the range of goods export- -

ed by Soviet Armenia has considerably extended. Nowdays.
" Armenia exports abroad manufactured goods, such as

electrical machines, machine-tools, elecironic devices, efc.
The. Republic delivers its goods fo all the regions of the
Soviet Union and to 70 foreign counlries.

Armenia Is now growing into one of the USSR centres .
- of manufacture of electronic computers. The *'Razdan™

and “Nairi" series of transistorized computers, which
were designed and manufactured exclusively by Armenian
specialists, have gained afine reputation.

its capacily. The total length of electrified railways in
Armenia is about 500 km.

Power consumption in agriculture has increased

.62 times in 1972 as compared 10 1940. Full electrification

of agriculture was completed as early as in 1960 through
the use of local power plants. By the close of 1964 the
Armenian power ecngineers were first in the USSR fo
fransfer all the farming power consumers to centralized
powerA supply from the power system lines. Old power
transmission lines were modified and new lines of 0.4-
€-10 and 35 kV with substations were erected.
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