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INTRODUCTION

Ava i l ab i l i t y of Waste Heat from Power Plants

By the term "waste" heat we mean energy which i s so degraded in tem-

perature that i t s economic uses are, historically, limited. Usually i t

has been considered practical only to discharge this energy directly to

the environment. Typically, such energy appears in the large quantities

of cooling water necessary to condense the steam in power generation faci-

l i t e i s . For example, a 1000 nW(e) fossil-fired plant with a 11.1°C (20°P)

rise through the condenser and 1% stack losses discharges slightly over twenty

eight cubic meters per second (1000 cfs) of warm water. Such cooling water

generally is discharged in the range of 15.5 to ^3.3°C (60 to 110°F),

depending on the temperature of the available inlet water, the quantity

circulated, plant load, and the use (if any) of supplementary cooling

devices. For instance, at the TVA Browns Ferry nuclear plant, condenser

water discharge is calculated to vary from a low of 21°C (70°F) in January

to U3°C (11O°F) in July and August, for 100$ once-through cooling.* If

cooling towers, either evaporative or dry, are used for part or a l l of the

heat rejection, then the temperature of available waste heat increases

significantly. For evaporative towers, condenser water temperature would

range from 2k to 52°C (75 to 125°F), depending upon the time of year and

location. At Browns Ferry, predicted condenser discharge temperatures range

from 1*3°C (ll0°F) in January to 51°C (12U°F) on July and August, if al l of

the heat were to be rejected by evaporative cooling towers. For dry cooling

towers, the increase in the available temperature of waste heat is on the

order of 11-22°C (20-i*0°F) compared to once-through cooling.

The annual quantity of waste heat presently available is staggering (on

the order of 1019J (lO16Btu), equivalent to 1.6 billion barrels of fuel

oi l) . We do not claim that greenhouses, per se, can utilize more than a small

fraction of this energy. Uor, do we intend to discuss the many suggested

uses of waste heat, which have been well documented ( l , 2, 3).** Nevertheless,

*This example is for illustration only, and is not meant to imply that TVA
will permit the discharge of water as hot as 3̂DC directly to natural
bodies of water.

**Numbers in parenthesis refer to references listed at the end of the paper.



i t can be noted that if we could find an economic use for only 10$ of the

heat rejected from generating stations projected to be built between now

and the year 2000, the utilization would be about the same as all the

electrical energy sold in 1972 (1.85 x 109 mW-hr).

Objectives of the Pilot Greenhouse

The engineering and horticultural objectives originally identified are

-tabulated below.

Engineering

1. to obtain controlled-environment data over the entire

spectrum of yearly operating conditions,

2. to determine the response of the greenhouse to changes ini-

tiated by a relatively sophisticated control system as

well as changes from external perturbations,

3. to study the effect of the presence of crops on the per-

formance of the environmental control system, (heating,

cooling, and dehumidification),

k. to have an empirical check for our analytical models for

•greenhouse design and to improve those models, and

5. at a future date, to study alternate means of greenhouse

environmental conditioning.

Horticultural

1. to obtain quantitative data on the yield of various crops,

2. to study crop performance, including the incidence and

control of disease, under high relative humidity (95-100$)

conditions,

3. to study hydroponics versus growth in rooting media,

k. to test various unusual high-value crops (e.g. pharam-

ceuticals) under controlled-environment conditions, and

5. to determine quantitatively the effect of root media heating upon

crop performance.



I t Should be noted that all of the above comprise a general overall

objective which is to learn with a small scale, pilot-plant facility,

before committing the final design of a large, demonstration-plant facility.

Such a facility, of approximately one acre, has been tentatively planned

for the Browns Ferry power plant where TVA has reserved 180 acres inside

the exclusion area for possible waste heat uses.
i

DESIGN

Summary

The greenhouse, shown schematically in Fig. 1, is a conventional

aluminum-framed glass-glazed structure located on the TVA reservation at

Muscle Shoals, Alabama. Oak Eidge National Laboratory (ORNL) supplied TVA

with technical assistance for the design of the facility. The simulation of

waste heat is from an electric water heater ("boiler"). Cooling is by

evaporation from aspen fiber- pads through which air is circulated by two

propeller-type fans. Air can be re-circulated through an attic plenum or

discharged directly outdoors. The air flow is controlled by automatically-

adjusted louvers. Heating is by sensible heat transfer from warm water flowing

over the aspen fiber pads to recirculated air at saturation. Dehumidifica-

tion can be provided by a bank of fin-tube heaters supplied with warm water.

Functional Requirements

In view of the objectives stated above, several functional requirements

were identified at the start of the design and served as guides for all sub-

sequent design work. These requirements will be discussed below.

Flexibility

Because of the research nature of the greenhouse, operational flexi-

bili ty was paramount in all decisions pertaining to the heating, cooling,

control and structural components and systems. This means that we tried to

provide for operation where a given variable (e.g. air flow rate) departed

considerably from the traditional or expected range of variation. In all

cases, flexibility was deemed more important than minimal cost.
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Major Variables

The operating variables.;which bear on the engineering design are summa-

rized below, along with the design values for the range of each variable.

1. External ambient dry bulb temperature: -riwr " - 33°C (l6-91°F)

2. External ambient relative humidity: k) - 100%

3. Air flow rate: 5.2 - 17 m3/s (11,000-36000 cfm)

k. Air exchange rate in crop region: 1 - 2 volumes/min

5. Warm water flow rate:* 0 - 379 liters/min (0-100 gpm)

6. Makeup water flow rate : 0 - 7 . 6 liters/min (0-2 gpm)

7. Power required for warm water source: 0 - 180 kW(e)

8. Maximum relative humidity in crop region: 00 - 100$

9. Warm, water inlet temperature: 21 - 51°C (70-12 *rF)

10. Minimum air temperature over crops: 13 - 15.5°C (55-6O°F)

11. Maximum transmitted solar flux: 877 W/m2 (278 Btu/hr-ft2)

Some comment is appropriate regarding the bases for the selection of

the above design values.

The ambient temperatures were based on government meteorological data

(U). The minimum was the average, over the span 189^-1958, of the absolute

minimum monthly temperature for the months of December, January, and February

The maximum was the average, over the span 189^-1958, of the average maximum

aonthly temperature for the months of June, July and August. If the average

of th absolute maximum monthly temperatures had been used, a value of 37.2°C

(99°F), instead of 32.8°C (91°F) would have resulted. Such maximum tempera-

tures may have occurred only once during a given month and certainly occurred

for only a few hours, hence we chose the lower design value. The ASHRAE

design guidelines (5) (for air conditioning) indicate -8.3°C (17°F) for 97

of the hours*^( i . e . approximately $h hours per winter will be colder than

- 8 . 3 ° c \ Similarly, 5$ (approximately 150 hrs) of the summer hours wil l be

hotter than 3fc.U°C (9^°F).

Ambient humidity also was based on government data (5) with 60% being

used for conditions of maximum solar load. Humidity normally reaches

a maxiETim in the early morning, but the corresponding solar load is low.

•To supply both pads and fin-tube heaters.

Florence, Alabama, approximately 6 km (U mi) from the greenhouse s i t e .



-Air -flow rate (per unit area of greenhouse cross-section) was based

on. our experience at ORNL in test ing evaporative pads. We found that both

the gas-film heat and mass transfer coefficients increase in direct propor-

t ion t o the a i r flow ra te . A rea l i s t i c upper limit was determined by pres-

sure drop, and hence fan s ize , considerations.

Air exchange rate is. related to air flow rate and greenhouse s ize .

A-value of one volume per minute i s considered by ASHRAE as an acceptable

compromise. We desired to double th is figure to reduce a i r temperature

' gradients in the growing space.

Warm water flow rate was also based on our t es t experience at ORNL. Nor-

mally- much less than 12 liters/min per meter of pnd width (< 1 gpm/ft) is

necessary for evaporative cooling with recirculated water. On the other

hand, about 36 li ters/min per meter i s a pract ical upper limit for pads

before flooding becomes a problem. Tests at OENL also indicate that winter-

time heat transfer rates from the pad? increase significantly as water flow

increases. We therefore allowed up to 227 Jl/min (60 gpm) for our pads (about

33 a/min per meter) and up to 150 i/min (U0 gpm) for the fin-tube heater.

Makeup water flow rate was based on estimates of the amount needed to keep

soluble ion concentration from exceeding acceptable concentrations plus the

amount needed to replace water which is evaporated.

The water heater power was based on our estimate of 111 kW(th)

necessary to warm the greenhouse on a winter night with -9°C ambient plus

allowances to provide for so i l heating, to permit operation with a failed

heater element, and to provide for heater inefficiency.

The lower limit of maximum relative humidity in the crop region was

taken at 805? to permit added f lex ib i l i ty . A value of 90% probably would

have been satisfactory, based on disease and fungus control considerations.

Warm water inlet temperatures were based on the extremes predicted

•for the Browns Ferry plant . The 21°C figure is for once-through cooling

in January and the 51°C figure applies to cooling towers in July.

Minimum air temperature over crops was based on what such crops as

tomatoes could tolerate with reasonable growth ra tes .

The transmitted solar flux was calculated according to ASHRAE (6)

principles.

Humidity Reduction

A th i rd functional requirement was deemed to be humidity reduction.

This may turn out to be unnecessary, i f humidity-resistant strains can

be developed and disease control maintained. Operation close to 100$ rela-



tive humidity has "been successful at the University of Arizona Puerto

Penasco Project, for example (7). Nevertheless, because of the research

nature of our greenhouse and in the interests of flexibility, provision was

made in the design for reducing relative humidity below 100$ when operating

with reeirculated air or in the presence of high ambient humidity.

Data Sensing and Recording

Greenhouse temperatures, humidity, water flow rates and temperatures,

external ambient conditions, fan speed, and louver bank position were selected

~as the major data which required detection and continuous recording. A visual

indication of each variable was considered highly desirable as well.

Other Considerations

We recognize that use of warm water to heat the root zones, (and, to

whatever extent possible, the greenhouse air i t se l f ) , constituted a highly

desirable future experiment. In addition, we desired to use one side of the

greenhouse for hydroponics while the other employed rooting media. Another

requirement was the provision for partial or complete recirculation of

air back to the pads under ambient conditions where warm air must be conserved.

These considerations were identified early so that the design would reflect

any special requirements.

Die detailed design proceeded after establishing the functional re-

quirements discussed above. The sections which follow summarize the de-

tailed design.

Cooling

Evaporation was the only type of cooling considered for the greenhouse.

In this sense, the greenhouse becomes a small horizontal cooling tower when

coupled to a power plant, regardless of the presence or absence of crops.

The use of a bank of aspen pads approximately 7m by 2m by 50 mm thick (23

ft by 7 ft by 2 inches) follows conventional greenhouse practice. This

installation is shown shcematically in Figs. 1 and 2. We expect to experiment

with other pad arrangements and materials in the future in an effort to

improve the cooling. An important contribution to improved cooling is increased

air flow through the greenhouse. This not only reduces the air AT through the
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house, due to the solar load, but also increases the heat and mass transfer

coefficients in the pads themselves. The l a te r vary directly with the face

velocity, according to our experiments at OML (8). Our fans are capable

of producing two air changes per minute in the growing space which is equiva-

lent t o a face velocity at the pads of about 1.27 m/s (250 ft/min).

In a large greenhouse ins ta l la t ion , one would have to consider the

trade-off between the increased capital and operating costs of larger fans

and the possible benefits . One such benefit might be less pad volume (and

hence less greenhouse space) for a given amount of cooling i f the greenhouses

are used as par t i a l replacements for conventional cooling towers.

We used standard greenhouse pads and wire frames, which are avail-

able from several suppliers. We employed 38 mm ( l l / 2 - in . ) ?VC pipe for a

water distribution header with k mm (5/32-in.) holes on 25 mm ( l - i n . ) centers.

We found that small holes spaced closely permitted higher pad flow rates

witnout "carryover" or "channeling" in the pads. Our fans are standard

propeller-type greenhouse units operated by two-speed (17*+O and Il6o rpm)

motors. The slower speed gives about 60% of rated a i r flow at high speed.

Water i s recirculated to the pads by a centrifugal pump capable of 378

A/min (100 gpm) at a 30 m (100 f t . ) head. The pads also may be operated on

once-through u t i l i t y water.

Heating and Dehumidification

We chose to t ry to use the simple, inexpensive pads as contact heat-

exchange surfaces for heating the greenhouse with simulated waste warm water.

(Several other heating methods are available, such as sprays, underground

pipes, compact fin-tube radiators , and even heat pumps. These alternate

methods wi l l not be discussed in this paper).

Two precedents existed for the direct-contact heating—the experience

at Puerto Penasco by the University of Arizona researchers and our own

experience at OML with a small t e s t greenhouse.

One feature of the direct-contact mode of heating is that the air-

quickly reaches saturation and remains near that condition as i t i s r e -

circulated back through the pads and tne greenhouse. To permit dehumidifica-

t ion , we instal led a bank of fin-tube heaters about 1 m (3 f t . ) downstream

of the pads (Fig. l ) . This heater bank is spread out to cover the entire
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flow area. Each tube is about 6 m (20 ft .) long, headered at each end to

form two circuits of four passes each to provide even temperature distribu-

tion. The fin-tube bank can be operated with warm water either in series or in

parallel with.the pads, as shown in the process flow sheet, Fig. 3. It

i s designed to lower the relative humidity from 100$ to 00% by providing

70 kW(th), Twenty-five mm (l-in.) copper tubing is used with aluminum fins.

Air pressure drop across the surface is negligible.

Water at waste heat temperatures for the pads and fin-tube heater is

-provided by a standard commercial 180 kW hot water heater with 36 heating

elements of 5 kW each.

Supplementary heating can be supplied with electric space heaters

supplied by several 4&)V outlets and actuated automatically from the

control panel.

Heating of the plant root zones is accomplished by diverting warm

water from the system Just downstream of the hot water heater. This water

Hows through coils of PVC pipe burried 203 mm (8 in.) below the

surface of two rooting media (soil and pin bark/vermiculite mix). The

arrangement is shown schematically in Fig. k. The water is discharged to

the pump suction basin.

Control and Instrumentation System

The control system is designed to maintain a pre-set air temperature

and a pre-set relative humidity with a given fixed supply water temperature.

Air temperature is controlled by changing fan speed and by modulating

the amount of a i r that is re circulated through the house. The possible air

flow modes are: once-through, and 25$, 50$, 13% and 100$ re circulation.

Control is achieved by individually opening or closing each of four banks

of louvers on the inlet , outlet, and recirculation flow paths. The louvers

are opened with relay-actuated motors and closed with springs. Five

thermistors in the greenhouse supply temperature signals: control can be

from any one or combination of the five.

Relative humidity control is effected by diverting warm water through

the fin-tube heater. A three-way valve, shown as AgCV-2 in Fig. 3, modulates

the flow in response to a signal from two Cold-grid humidity detectors

in the growing space.
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NOTES:

1. Kunibeî  ca figure are dimensions in meters.

2. Pipe is buried 203 mm (8 in) below Burface of rooting media.

3. Al l pipe i s 19 mm ( 3 A i n ) PR-200 PVC with 27 mm OD and 23 mm ID.

k. Schematic shown for lettuce and tomatoes; cucumbers similar.

5. Arrangement shown has ^12.3 o of pipe with a heat transfer surface
of X.Ok a 2 .

Pig. 1». Schematic of Soil Heating System
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The"warm water supply temperature is pre-set on the water heater,

which uses a 10-step relay system to energize or de-energize the heating

elements. Fine control is achieved with a bypass mixing valve, shown as

TCV-101 in Fig. 3.

Instrumentation for t&e greenhouse consists of detectors for flow, tem-

perature, and humidity signals plus appropriate readout and, in some

cases, recording equipment.

Orifices are used to naeasure total , pad, and fin-tube heater flows.

Circular 2^-hr charts are used for recording. A visual indication of

makeup flow is obtained from a small rotameter with a range of 1.9-22.7 A/min

(0.5-6 gpm). A larger rotaaneter is used to measure flow when operation

is with uti l i ty water on a once-through basis.

Water temperature is measured by thermocouples at six locations:

upstream of the water heater, downstream of the mixing valve, outlet of the

fin-tube heater, pad inlet and outlet, and makeup water inlet. These

values are recorded on a multi-channel strip recorder. Ambient air tempera-

ture plus five Internal greenhouse temperatures are measured by thermistors

and similarly recorded. Five portable recording hygrometers have been

used initially for both wet and dry bulb data, but they will not be

retained for long-term operation.

Relative humidity is measured by two separate gold-grid detectors mounted

in aspirated cabinets at the entrance and exit of the growing space. These

signals are fed to a controller which has a provision for recording but they

are not recorded, at present. A visual indication is provided on the control

panel, however.

Fan speed and louver position have visual indicators on the control

panel and are also recorded on a strip-chart device. The TVA weather

station at Muscle Shoals can provide hourly summaries of wind speed and

direction, dry bulb and dew point, barometric pressure and, most significantly,

solar and total radiant flux. We expect to utilize much of these data in

lieu of duplicating the same measurements ourselves.

Component or Supply Failure

The failure or malfunction of any one of the components or the loss

of electricity or makeup -water could possibly result in conditions within

the greenhouse that could be disastrous to the crop or seriously Jeopardize



-any agricultural tests being performed at the time. The following is a brief

discussion of possible failures and/or leases, their operational consequences,

possible alternatives, and recommendations. In the discussion the term

"alarm" signifies that a signal results in some manual corrective action that

returns the greenhouse to an acceptable mode of operation. This is of

particular importance during unattended operation. No alarms have been

installed in the greenhouse yet.

Electrical Failure:

According to TVA the loss of electricity to the greenhouse is a highly

unlikely occurrence that could be corrected very quickly should it happen.

Die more likely occurrence is equipment breaker outage that could cause a

loss in power to other components on a egmmon breaker. The circuits are

so arranged to preclude a breaker outage that would result in the loss

of more than one component or, in some eases, a part of a component or

system. The loss of power to selected components such as the water heater

should result in an alarm.

Loss of Utility Water:

This is also a highly unlikely occurrence. Since the use of utility

water is only as makeup water for the system (except in summer with a

failed pump) it could be replaced manually. The water reservoir at the pump

suction should have a low level alarm.

Pump Failure:

The failure of a pump (seal , bearings, motor windings) could be handled

by one of the following means:

(a) A spare pump could be installed in para l le l with the primary pump

and star ted ei ther automatically or manually should the primary

pump f a i l .

(b) A spare pump could be kept on hand for replacement. During replace-

ment, u t i l i t y water could be used on a once-thru basis .

(c) No spare pump would be kept on hand. The pump would be procured

from a company (probably local) that could give rapid repair or

replacement service. During repair , operation would continue

with u t i l i t y water on a once-thru basis . This is the action which

was taken. The loss of the pump should be signaled by a loss-of-

flow alarm on e flowmeter.
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Hot. Water Heater Failure:

Hie failure of an electric heating element in the hot water heater

is probably the most likely type of failure in the entire system.

Fortunately there are 36 heating elements in the heater and the loss

of one would be insignificant. However, the failure could cause the supply

breaker to tr ip and for this reason the heating elements are on two circuits.

The heater can continue on partial power until i t is convenient to make the

replacement. Replacement heaters should be kept on hand. For a heater

-failure that trips a breaker the alarm would be as mentioned under "Electrical

Failure." Periodic inspections should be made to locate open circuits

in individual heating elements.

Fan Failure:

I t is highly unlikely that both fans would fail afc the same time.

The most likely failure probably is a broken or slipping drive belt.

Although one fan would probably maintain acceptable conditions in the green-

house for a short time, i t will be determined from test data how the

greenhouse ambient conditions are affected when the air flow rate is reduced

to approximately one-half. This would be of main concern during hot

weather. The necessity of a loss-of-fan alarm will be determined later.

Control System Failure:

There are several failure modes in control components that could cause

highly undesirable conditions in the greenhouse. For instance, an inad-

vertent control signal that opens the external louvers in very cold weather

could be disastrous to the greenhouse crops. However, the control system

could have been designed with redundant signals, override signals, fail-safe

devices, manual overrides, and alarms that would eliminate most of the events

that would do serious damage to the greenhouse crops. How far to go in this

direction is a matter of cost. Our ini t ia l attitude has been to rely

on our control system components. It should be kept in mind that the actions

of some of these techniques would have to be reversed from summer to winter

operation. For instance, fail safe louver operation would be open in the

summer and closed in the winter. Some standby equipment should be available

in case some of the corrective actions mentioned above cannot be taken or

if some unforeseen occurrence imperils the greenhouse crop. In the winter-

time a quick supply of heat would be needed. If one assumes that electricity
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i s available, one or more portable e lec t r ic heaters could be used depending

upon the severity of the weather. We have made provision for automatically

energizing these heaters from the control panel. Hopefully, one of the

fans would be operable to move the heat thru the greenhouse.

For an emergency condition in the summer, one would try to reduce the

heat load by shading with s l a t s or glass shading compound and/or by putting

sprinklers on the roof of the greenhouse.

INITIAL ENGINEERING TESTS AND RESULTS

An elaborate sequence of engineering t e s t s was planned for the period

after completion and prior t o the s t a r t of hor t icu l tura l t e s t s . Seme of

these tests were carried out in the time available, but delays were caused

by a larger-than-anticipated number of minor problems and adjustments in

getting a l l greenhouse systems functioning properly. One design error had

to be rec t i f ied as well: the a t t i c ba r r i e r , originally 4-mil polyethylene,

was replaced with corrugated fiberglass-reinforced acrylic panels. Over a

period of about 8 months, the polyethylene had become severly embrittled and

weakened by the combination of solar radiation and heat in the a t t i c . Also,

an exhaust fan may be ins ta l led for the a t t i c , to operate when the main fans

are in the once-through mode (summer cooling).

Tests

In general, our engineering t e s t s sought to measure:

1. Air flowrate, both fast and slow speed, with once-through

flow and with pa r t i a l and full recirculat ion. These data were

taken with a hot-wire anemometer using a twelve-point grid set

up to represent equal flow areas per point.

2. Pan performance, such as speed, head, flow and power requirement.

3. Pressure drops, especially for the pads, fin-tube heater , and

attic.

k. Air temperature and humidity at various locations and

under various operating conditions.



17

5. Control system performance, such as the maintenance

of a pre-set temperature or humidity.

6. Water temperature as controlled by the water heater

and mi Ting valve.

7. Pad and fin-tube performance, as measured by water

temperatures and air enthalpies.

Results

Our engineering tests are not complete as yet, but a summary of

qualitative results is presented below. (Items 1, 2 and 8 apply to an

empty greenhouse. The others apply to a house with a mature cucumber crop),

1. Air flow decreases as the fraction recirculated increases,

with 8OJS of the once-through flow obtained under full

re circulation. This applies to either fan speed.

2. There i s considerable variation in air velocity with

location in the plane perpendicular to flow. Flow

decreases as evaluation increases, with a" change as

much as 50% in some locations.

3. The water heater i tself, with i ts 10-step controller,

maintains water temperature within ± 1°C (2°F) of

the setpoint with the mixing valve inoperative.

k. The greenhouse air temperature ranged between 18 and 20°C

(65 and 68°F) for a clear night where the ambient

reached a low of -7°C (19°F) while operating with water

at 23°C (7^°F). The fin*tube heater supplied about

20-30% of the heat under these conditions.

5. Data taken over seven days in early December, with ambients

ranging from -7 to 2°C (19 to 35°F) indicated air

temperatures k to 6°C lower than water inlet temperatures

to the pad. (The fin-tube heater was supplying about

2O-3OJ6 of the total heat during this period).
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6. 'The coldest night t o da t e , -10°C (13°F) produced a 1T°C (63°F)

house temperature with 23°C (7^°F) water and t h e f in- tube

h e a t e r supplying about 20-30$ of the hea t .

7. We have ca lcu la ted t h a t 95-100 kW of heat was used when the

anibient temperature reached -T°C. This i s in good agreement

with the design value of 111 kW at -9°C.

8. Greenhouse cooling was checked at two extremes of water

temperature, 19°C (66°F) and H8°C (119°F). In the

former case , the water was r e c i r c u l a t e d and the pad

i n l e t and ou t l e t temperatures were the same as the

ambient wet-bulb (19°C). The switch t o high-temperature

vater brought the pad ou t le t up t o 23°C (73°F).

Both wet and dry-bulb were r a i s e d 2°C (U°F) at t h e

pad e x i t by the extreme increase in water temperature.

In "both cases the ambient a i r was cooled, by 3°C (6°F)

with 19°C supply water and 2°C (U°F) with the 1*8°C water .

Further cooling data must await spr ing and summer opera t ion.

INITIAL HORTICULTURAL TESTS AND RESULTS

This sec t ion supplied by L. D. King
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IN CONCLUSION

We are very pleased with the preliminary operating resu l t s to date,

and are cautiously optimistic that the cold weather of January and February

wi l l continue t o confirm that the greenhouse temperatures can be maintained

at an acceptable level with waste warm water as low as 21°C (70°F). The

joperation of the control system i s sat isfactory although i t undoubtedly

could be simplified. Indeed, a l l systems and components would require sim-

p l i f i c a t i o n (except the pads) i f the fac i l i ty were a commercial enterpr ise .

Among the future quest-ions we intend to examine is that of the

interface between a large greenhouse ins ta l l a t ion and a power p lan t . Of

in te res t are such things as variat ion of water temperature with load, plant

shutdown, water quali ty and ac t iv i ty monitoring, greenhouse revenue and

ra te s t ruc tu re , legal l i a b i l i t y t o commercial l essees , e t c . In addition,

many questions remain regarding crop marketing and operational economics.

We believe tha t t h i s p i l o t f a c i l i t y , although s t i l l in the early stages

of operation, w i l l continue t o provide us with good engineering guidelines

for the design of a l a rge r , demonstration f ac i l i t y t o be located at an opera-

t i ng power p lan t , and we look forward t o i n i t i a t i n g conceptual design work

on such an i n s t a l l a t i o n .
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