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Faisabilité de l'utilisation pour fins agricoles des effluents
thermiques provenant de l'usine d'eau lourde de Glace Bay

par

Stuart L. Iverson, V. Rao Puttagunta,
Kenneth D. Meek et Kevin L. Chisholm*

Résumé

Bien que plusieurs usages agricoles aient été proposés pour
l ' u t i l i s a t i o n de la chaleur résiduelle, l e chauffage des serres
semble être l ' u t i l i s a t i o n la plus pratique dans l'immédiat. A
l 'us ine d'eau lourde de Glace Bay, 400 L/s d'eau de qualité
appropriée pour un passage direct dans des échangeurs de chaleur est
disponible à environ 65°C. Le s i te reçoit une quantité annuelle
d'ensoleillement semblable à celle reçue à Kentville près de
l ' i ndus t r i e des serres de la Nouvelle-Ecosse et aussi bien la terre
que l 'eau d ' i r r iga t ion pour les récoltes en serres semblent être
disponibles. Les coûts et la possibi l i té de pomper sur une distance
de 500 m l 'eau provenant des canaux de sort ie de l 'usine afin de
l'amener à un point de dis tr ibut ion, pour ensuite la distribuer sur
25 acres de serres, en transférant la chaleur dans l'atmosphère des
serres avant de renvoyer l 'eau au canal de l 'effluent et la
fourniture d'un approvisionnement auxi l ia ire de chaleur, ont été
examinés. Le système décrit ne gênera pas le fonctionnement de
l 'us ine d'eau lourde et i l pourra fournir un bon environnement pour
la culture des plantes à un prix t rès intéressant. Si un système
é ta i t conçu pour desservir une aire de serres de 5 acres, i l en
coûterait $18,280 pour chauffer chaque acre de serres par an
($1.76/GJ), tandis qu'un système desservant 25 acres pourrait
chauffer les serres pour seulement $11,824 par acre par an
($1.14/GJ). On peut comparer ces chiffres avec la moyenne de $20,000
par acre pour le combustible seul payé par les cultivateurs de la
Nouvelle-Ecosse en 1975 ou les $25,000 par acre par an ($2.40/GJ)
calculés dans cette étude comme coût du combustible Bunker C au prix
de j u i l l e t 1977. Les faibles coûts de chauffage possibles en
u t i l i san t la chaleur résiduelle devraient permettre d 'é tabl i r une
industrie de serres viable à Glace Bay en Nouvelle-Ecosse et 11 est
recommandé qu'une serre de démonstration soit construite pour
vérif ier les résul tats de cette étude et pour montrer aux
cultivateurs intéressés que cette technologie est réa l isable .

* Cape Breton Development Corporation, Sydney, Nouvelle-Ecosse

AECL-5963
L'Energie Atomique du Canada, Limitée

Etablissement de Recherches Nucléaires de Whiteshell
Pinawa, Manitoba, ROE 1L0
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ABSTRACT

Although a variety of agricultural uses for waste heat have
been proposed, heating greenhouses appears to be the most immediately
practical. At Glace Bay Heavy Water Plant (GBHWP), 400 L/s of water,
of quality suitable for direct use in heat exchangers, is available at
about 65°C. The site receives an annual amount of sunshine similar to
that received at Kentville near the Nova Scotia greenhouse industry, and
both land and irrigation water for greenhouse crops appear to be available.
The costs and practicality of pumping effluent water from the GBHWP out-
fall channel about 500 m to a distribution point, distributing it to up
to 25 acres of greenhouses, transferring the heat to the greenhouse air,
returning the water to the effluent channel and providing a back-up heat
supply were examined. The system described will not interfere with
GBHWP operations and can provide a good environment for plant growth at
a very attractive price. If a system was designed to serve a 5-acre
greenhouse industry, it would cost $18 280 to heat each acre of greenhouse
per year ($1.76/GJ), while a system servicing 25 acres could heat green-
houses for only $11 824 per acre per year ($1.14/GJ). This can be com-
pared with the average of $20 000 per acre for fuel alone, paid by Nova
Scotia growers in 1975, or the $25 000 per acre per year ($2.40/GJ) cal-
culated in this study as the cost for Bunker C fuel alone at July 1977
prices. The low heating costs possible using waste heat should allow a
viable greenhouse industry to be established at Glace Bay, Nova Scotia,
and it is recommended that a demonstration greenhouse be constructed to
verify the results of this study and demonstrate the technology to poten-
tial growers.
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1. INTRODUCTION

The Glace Bay Heavy Water Plant (GBHWP), owned and operated by

Atomic Energy of Canada Limited (AECL), produces waste heat as an unavoid-

able by-product of heavy water production. This waste heat is discharged

primarily as a stream of warmed water which flows through an outfall

channel before discharge. The warmed water could be taken from the

outfall channel, used as a heat source, and returned to the channel

without deleterious effect on the operations of GBHWP.

A variety of uses for thermal effluents have been suggested^

among the most promising of which are stimulation of plant growth through

soil or greenhouse heating. Cape Breton Development Corporation (DEVCO),

charged with the responsibility to assist and encourage industrial

development on Cape Breton, considers the possibility of creating a

greenhouse industry based on thermal effluent from GBHWP worthy of

investigation. On the basis of information developed in an earlier
( 2)

studyv , it appeared likely that the development of such an industry

would be both technically and financially possible. It was deemed

prudent, however, to do a feasibility study before proceeding with a

demonstration project. Since stimulation of plant growth through soil

heating does not appear to be economically advantageous at this time

(Appendix A ) , this study will deal only with greenhouse heating.

In this report, we describe one of a variety of possible

methods for using waste heat from GBHWP to heat greenhouses. In addi-

tion, some of the problems and questions associated with the development

of the industry are identified. A fossil fuel system is also evaluated

to provide a comparison of the cost of waste heat vs. fossil heat deliv-

ered to the greenhouse air.
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In addition to assumptions which are identified throughout the

body of the study, the following ground rules have been applied;

1. The waste heat systems should be as independent as possible

from normal operations of GBHWP. Thermal effluent should be

taken from the upstream end of the outfall channel and must be

returned to the channel.

2. The system should be optimized to deliver heat to the green-

houses at the lowest total cost, not compromised to reduce the

temperature of the GBHWP effluent.

3. Where possible, the greenhouse structure and operation should

be conventional to allow standard horticultural practice.

4. The system should be designed to insulate the grower from

considerations of emergency heating, pumping, etc.

A conceptual design and cost estimate for a demonstration

facility is included in this study. The prime purpose of the demonstra-

tion unit is to verify system operation and total heat costs, but it

will also function as a "working model" which can be shown to interested

growers.

The "reference heat supply system", described in this report

is not the only feasible system, but rather serves as a model to which

other approaches can be compared. The grower, as ultimate customer, has

a large range of options from which he can select those which best suit

his requirements. For example, unit heaters have been specified for

greenhouse heat transfer, but finned tubing could be used (at a higher

cost) if desired by the grower. We have attempted to design and cost a

system which will keep open as many options as possible.
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2. BACKGROUND MATERIAL

2.1 THE THERMAL EFFLUENT

The thermal effluent considered for this study is the process

water discharged from the heavy water extraction towers at GBHWP. This

effluent is available when the extraction towers are in operation.

2.1.1 Temperature and Flow Rate

The design effluent temperatures in heavy water plants are

generally greater than 70°C in summer and 50°C in winter . However,

actual temperatures are higher and, in practise, the observed year-round

temperature has been greater than 66°C^ . This temperature (66°C) was

taken as the intake water temperature for the greenhouse heating system.

The mean annual effluent flow rate at plant maturity will be

about 85% of design^ '. It has been assumed that the maximum flow rate

of the effluent available for heating the greenhouse complex is the mean

flow rate of 400 kg/s. Measurements indicate that the temperature of

the effluent remains at or above 66°C regardless of the flow rate.

During heavy water plant shutdowns, about 5 kg/s of condensate

at 100°C is discharged into the effluent channel from the emergency

steam supply system. It has been assumed that this water is available

for heating the greenhouse complex during shutdowns. It is equivalent

to 15 kg/s of normal effluent which is sufficient to heat one acre*of

greenhouse under peak demand conditions.

*In this report the acre is used instead of the more usual SI unit as
it continues to be the unit in general use in agriculture in Canada.
1 acre « 0.405 ha.
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2.1.2 Reliability of the Effluent Flow

The reliability of the effluent water supply is as follows :

55% of the time the effluent flow - 100% of design

83% of the time the effluent flow >_ 83% of design

89% of the time the effluent flow >_ 67% of design

90% of the time the effluent flow j> 50% of design

10% of the time the effluent flow = 0% of design

Average plant availability => 83% of design

Using the above plant reliability data, the quantity of heat

which must be supplied to the greenhouse complex by an auxiliary source

has been calculated (Figure 1). Up to one acre of greenhouse, no

auxiliary source is required, but at the maximum design value of 25

acres of greenhouse, 8% of the total annual heat requirement would be

supplied by the auxiliary source.

2.1.3 Chemical Composition of the Effluent

There are two concerns regarding the chemical composition of

the effluent water (Table 1):

1. corrosion or fouling of the piping, pumps and heat exchangers

in the greenhouse,

2. damage to the plants as a consequence of leakage of water

containing hydrogen sulphide in the greenhouse.

Cement-lined ductile iron with mechanical joints was chosen

for the main lines between the channel and the greenhouse complex, while

the distribution system within the complex and the heat dissipation

Only condensate from the emergency steam supply system is available.
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FIGURE 1: BACK-UP STEAM HEAT REQUIREMENTS
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system in the greenhouse are of carbon steel with threaded and welded

construction. For maximum reliability, corrosion experts familiar with

the heavy water plant effluent recommended the use of welded carbon

steel with welds stress relieved and radiographed and corrosion tnoni-
(4)

toring by ultrasonic testingv . Tight weld inspection by radiography

is considered desirable but not essential in view of the low temperature

and pressure.

The effluent transfer piping in the heavy water plant is well

monitored for corrosion. Transfer of this information to the pipeline

operator should allow him to anticipate corrosion-related maintenance

problems in the greenhouse heat transport system.

TABLE 1

TYPICAL CHEMICAL ANALYSIS OF WATER IN THE GBHWP

EFFLUENT CHANNEL UPSTREAM OF THE SPRAY MODULES^3*

Oxygen

Turbidity

Conductivity

PH

Chemical Oxygen

Iron

4.3 mg/kg

1.5 FTU*

105.0 yS/cm

7.0

Demand I S.4 mg/kg

0.2 mg/kg

Magnesium

Manganese

Calcium

Hydrogen Sulphide

0.6 mg/kg

0.1 mg/kg

3.9 mg/kg

1.0 mg/kg mandatory maximum

0.3 mg/kg recommended maximum

* Formazin Turbidity Units
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The significance of leakage of water containing hydrogen

sulphide into the greenhouse cannot be fully resolved without field

tests. No more than 1 mg/kg of H_S may be present in the effluent and

the recommended value is 0.3 mg/kg. At the low concentrations permit-

ted, it is not likely that small water leaks in the greenhouse would

adversely effect the plants or the people.

2.1.4 Long-Term Availability of Waste Heat

The life of the greenhouse industry based on waste heat need

not be limited by the life of the heavy water plant. In the event the

heavy water plant is phased out because of age, etc., the greenhouse

industry could continue indefinitely by using heat from the Seaboard

coal-fired generating station. Steam from this station, proposed as the

auxiliary source of greenhouse heat, could be used as the main source,

or it is possible that lower grade heat might be useable.

2.2 CLIMATE AND WEATHER

Sydney Airport is the nearest source of meteorological infor-

mation for the Glace Bay greenhouse site. The airport, although only

about 5 miles away, is at a somewhat higher elevation and is farther

from the sea. Residents of the area believe that the weather at the

greenhouse site is not significantly different from that at the airport,

but this should be verified as part of the demonstration project.

2.2.1 Temperatures and Wind Velocity

Long-term average temperatures and wind velocities are shown

in Table 2. The design temperatures chosen were -20°C in winter and

24°C in summer. Design wind speed was 24 km/h. The frost-free period

is 138 days on the average between 29 May and 13 October.



TABLE 2

LONG-TERM CLIMATIC AVERAGES F03 SYDNEY/SYDNEY AIRPORT. NOVA SCOTIA(5)

Jan

Feb

Mar

Apr

May

June

July

Aug

Sept

Oct

Nov

Dec

Year

AIR TEMPERATURE

Mean

°C

- 5.2

- 6.8

- 2.4

2.5

8.1

13.4

18.3

18.2

14.4

9.2

3.9

- 1.8

6.0

Mean of
Daily

Maxi-
mum

°C

- 1.0

- 2.1

1.7

6.7

13.5

19.2

23.8

23.3

19.1

13.3

7.4

1.4

10.6

Mini-
mum

"C

- 9.3

-11.5

- 6.6

- 1.7

2.8

7.8

12.8

13.2

9.8

5.1

0.4

- 5.1

1.4

Mean of
Monthly

Maxi-
mum

°c

8.3

6.1

10.0

17.2

23.9

28.3

30.6

30.0

27.2

21.7

15.6

10.6

31.7

Mini-
mum

°C

-18.9

-20.6

-16.7

- 8.3

- 2.2

1.7

6.7

6.7

2.8

- 1.7

- 6.1

-12.8

-22.8

Absolute
Extreme

Highest
Recorded

"C

14.4

15.0

18.3

27.2

31.7

34.4

33.3

36.7

32.2

27.2

22.2

15.6

36.7

Lowest
Recorded

°C

-31.7

-31.7

-31.1

-17.8

- 6.7

- 2.8

0.6

2.2

- 2.2

- 5.6

-14.4

-23.3

-31.7

Heating
Factor

Degree

Days
Below
18.3°C

No.

728

711

644

472

317

150

33

44

122

283

433

628

4 565

Most Pre

Direc-
tion

W

w
N

N

S

sw
sw
sw
sw
sw,w
w
w

w

WIND

valent

Per-
cent-
age

34

28

22

21

21

20

33

24

25

21

21

32

1

21

Aver-
age

Speed
(km/h)

23.2

22.9

20.0

20.8

19.6

17.7

18.8

17.7

19.0

21.9

21.2

22.5

20.4

Bright
Sun-
shine

Mean
No. of
Hours

69

97

122

139

182

208

258

218

173

144

73

62

1 745

OD

I



2.2.2 Total and Monthly Bright Sunshine

Waste heat can provide the energy required to maintain an

environment warm enough to allow plant growth, but sunlight provides the

essential energy for plant growth. Although the Sydney area has about

10% fewer hours of bright sunshine per year than Harrow, Ontario, which

is near the large greenhouse industry of Essex County, it has approxi-

mately the same number of hours as Kentville (Table 3) which is near the

Nova Scotia greenhouse industry. It appears likely that crops and

schedules similar to those used at Kentville would be successful at

Glace Bay. The demonstration program should include instrumentation to

indicate whether the greenhouse site gets more or less sunshine than

Sydney Airport.

TABLE 3

LONG-TERM AVERAGE NUMBER OF HOURS OF BRIGHT SUNSHINE PER MONTH

January

February

March

April

May

June

July

August

September

October

November

December

TOTAI
- -. ...1

Harrow, Ont/6^

72

97

126

162

229

247

277

258

191

163

82

71

1975
_ .

Kentville, N.S.

73

96

115

156

205

211

249

223

175

140

76

56

1775

(6) Sydney/Sydney A. '

69

97

122

139

182

208

258

218

173

144

73

62

1745
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2.2.3 Sulphur Compounds in the Atmosphere

Two sources of airborne sulphur exist in the area. The Seahoard

coal-fired generating station produces sulphur dioxide which is released

via the stack, while GBHWP has large inventories of hydrogen sulphide

which are not normally released hut are flared to sulphur dioxide if

released from the GBHWP stack. Sulphur dioxide in the air in sufficient

concentration damages plant leaves, decreases productivity, and may kill

the plants. The amount of damage depends upon the concentration in the

air, the length of exposure, the plant species, plant life stage, and

other factors. Measurement of the sensitivity of greenhouse plants may

be available from various experts, or from the literature, but if not,

these values should be determined as a part of the demonstration program.

The effect of sulphur dioxide is a potentially serious problem

which must receive attention during the demonstration program. Atmo-

spheric sulphur dioxide should be measured continuously at both the

demonstration greenhouse site and the site of the future industry (if

the locations are different).

2.3 THE SITE OF THE POTENTIAL INDUSTRY

2.3.1 Availability and Cost

Most of the land near the source of waste heat is controlled

by AECL. Informal discussions indicated that AECL might be able to make

its land holdings south of McAskill's Brook available at nominal cost on

a long-term lease basis for siting greenhouses or other users of waste

heat.
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2.3.2 Selection and Layout

The site layout shown in Figure 2 was arrived at by trying to

minimize cost while allowing for expansion of the development. Other

ways to stage the development may become apparent after detailed site

surveys and as growers propose specific developments. The site has not

been examined in detail, and it was assumed that it was all able to

support buildings. The more obvious and already cleared construction

camp site was not chosen for Initial development because it would require

a longer and more expensive pipeline.

Greenhouse density (greenhouse area/land area) affects heating

costs strongly in a waste heat system since much of the cost of heat is

associated with pipeline length. By allowing a land area of 91 m x 91 m

for each acre of greenhouse space we have not deviated significantly from

standard practice . The grid of 91 m x 91 m blocks has been oriented

to allow growers to build their houses east-west if desired. Eventually

25 acres of greenhouse can be grouped into 10 blocks of 2 - 3 acres each

on the assumption that most will be family operations.

Growers' residences, which must be near the greenhouses for

ease of access and supervision, have been located south of Tower Road.

It is probable that the growers' residences and hot water could be

practically and economically heated with the same warm water used to

heat the greenhouses. This concept can be investigated by heating the

service area of the demonstration facility with the kind of equipment

that would be used in the growers' houses.
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# /

SCALE 1 cm - 72 m (APPROX)

MAIN ACCESS AISLE

LAYOUT OF SINGLE ACRE GREENHOUSE

IN A 91 m x 91 m LAND AREA

FIGURE 2: PROPOSED SITE LAYOUT
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2.4 SERVICES

2.A.I Water and Sewage

If it is assumed that 10 growers' households Caveraging 4

people per household) are supplied with water at the rate of 450 kg per

person per day and 50 non-resident greenhouse workers consume 90 kg each

per day, the total requirement for household water is 22 500 kg/d.

Since a similar amount of sewage would be the maximum produced, it is

likely that individual wells and septic fields at the farmer's residences

would be the most economical solution. However, depth to potable water

and the porosity of the soil should be determined before assuming that

this is so.

2.4.2 Irrigation Water

As much as 5.7 centimetres of water per week must be applied
(9)

to a spring crop of greenhouse tomatoes . If this is taken as a

representative maximum, the irrigation water requirements would be as

much as 34 000 kg per acre per day or 850 000 kg/d for 25 acres.

The section of McAskill's Brook near the suggested site is

brackish due to tidal influence but water drawn from above the tidal

range or from the impoundment where GBHWF draws its process feed water

would be suitable for irrigation (Table 4). If enough water is not

available from the brook, the possible quantity and qualxty of well

water will have to be investigated.

2.4.3 Electricity, Steam, and Fossil Fuel

Current industrial rates for electricity in Glace Bay are a

demand charge of $2.80/kV.A plus 5.8ç/kW.h for the first 13 000 kW.h and

2.4c/kW.h for the remaining usage^10'. A cost of 4.88<?/kW.h, based on
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calculated consumption, has heen used for this report. For the fossil

fuel system a cost of Ç1.80/GJ has been used for bunker C oil*" . The

required backup steam is assumed to be available from the line servicing

GBHWP and to cost $1.725/GJ which was the average rate charged to GBHWP

by the Seaboard Generating Station in May 1977^ . Probable future

energy costs are considered in Appendix B.

TABLE 4

GBHWP INTAKE WATER ANALYSIS(3)

pH

Alkalinity

Hardness

Turbidity

COD

Free C02

Conductivity

Calcium

Magnesium

Iron

Manganese

Aluminum

Sodium

Phosphate

Sulphate

Chlorine

5.5 - 6.2

2 mg/kg CaCO3

7 mg/kg CaCO_

2 - 10 FTU

10 - 50 mg/kg

2.5

60 uS/cm

1.4 mg/kg

0.8 mg/kg

1.4 mg/kg

0.3 mg/kg

< 0.1 mg/kg

5.0 mg/kg

< 0.1 mg/kg

6.5 mg/kg

7.5 mg/kg
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3. TECHNICAL BACKUP

For the development of a successful greenhouse industry based

on utilization of GBHWP waste heat, growers will require technical

assistance in a variety of areas. Some of these, such as operation of

the heat supply pipeline and the design of the heat exchangers in the

greenhouse, are unique to the form of the heat supply while others, such

as horticultural advice, supplies, and marketing require attention

because of the isolation of the new industry. None appear to be over-

whelming problems but all must be considered to assure the eventual

success of the industry.

3.1 THE HEAT SUPPLY UTILITY

It may be presumptuous to apply the word "utility" to the

operator of the pipeline but it is obvious that some organization must

perform the following functions:

1. negotiate with GBHWP, the producer of the heat, regarding the

removal and return of the water and other points of interaction

between GBHWP and the growers,

2. design, construct and operate the heat transport distribution

system,

3. ensure that the in-greenhouse parts of the heat exchange

system are compatible with the distribution system,

4. design, construct and operate the back-up heat supply system,

5. expedite negotiations of leases between GBHWP as the land

owner, and individual growers,
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6. expedite installation of other group services such as sewer,

water, etc.

The "utility" will supply water of a given minimum temperature

and pressure. The grower must return the water at an agreed-upon minimum

pressure (normally the greenhouse heat exchange system will be limited

by design to a certain maximum pressure-drop to meet this criterion).

The return temperature is also important since if the grower chose a

system with a lower temperature drop, his capital cost in the greenhouse

would be lower per kW transferred while the utility would have to pump

more water. Conversely, if the grower chose a greenhouse system which

caused a greater temperature drop, his costs for equipment would be

greater but the utility would have to pump less water.

To cover its costs for the above functions, the utility must

make some charge to the growers. The type of charge made for the heat

is important since it can influence the economics and growth of the

industry. In building a pumphouse and pipeline the utility incurs a

capital charge related to system capacity and the location to which the

water is delivered. The utility also incurs an operating charge which

is dependent upon the amount of water pumped through the pipeline.

To apportion these costs reasonably, we propose the following

method :

1. A flat-rate monthly charge for connection to the system. This

would be based on the amount of area (maximum heat load) con-

nected and would be set to recover the capital costs of the

system, costs of maintaining the pipeline and whatever return

on investment or profit was deemed to be proper.
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2. A charge per unit volume of water passed through the grower's

system. This would cover variable costs such as electricity

to run the pumps, pump maintenance, auxiliary heat, etc.

Examination of the list of functions proposed for the utility

indicates that establishment of the utility will require technical and

management talent as well as risk capital. However, once the heat

distribution system and the greenhouses are in place and operating

smoothly, most of the functions of the utility will become routine and

could be carried out by the growers, if desired.

3.2 DESIGN ENGINEERING

The design engineering component of the first one or two

commercial greenhouse operations will be significant, but the require-

ment will decrease as a local body of "standard practice" develops. It

will probably be most practical and efficient to supply this information

through the heat supply utility since it will have access to both engi-

neering expertise and the necessary information.

3.3 HORTICULTURAL SUPPLIES AND INFORMATION

The establishment of an industry in a new, relatively isolated

area requires provision of a number of services that are available in an

established greenhouse area. The most important of these is the require-

ment for horticultural advice and information normally provided through

a provincial department. This department should become involved with

the development of the industry in its early stages. In addition to

this formal source of information, involvement with growers organiza-

tions, greenhouse suppliers, etc. should be sought.
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3.4 MARKETING

The interconnected problem of product mix and market develop-

ment will need attention in the early stages of the industry. Expert

technical market research, development, and advice to the growers will

be required to develop a market, avoid overproduction for the local

market, and avoid an uncontrolled confrontation with the existing green-

house industry in Nova Scotia.

4. THE HEAT SUPPLY SYSTEM

This section will deal with the design and cost of the equip-

ment necessary to transport warm water from the effluent channel to the

greenhouse and back to the effluent channel. For each acre of installed

"reference" greenhouse, the system must be capable of supplying 14.4

kg/s of water at 66°C (see Section 5). Back-up heat supply and electri-

cal power systems are also included. To provide some data on the sensi-

tivity of cost to schedule of development and size of the greenhouse

industry, three options are presented.

At one extreme, a facility designed to serve 25 acres of

greenhouses could be installed at once. This would minimize the total

construction cost, but the initial capital requirements would be maxi-

mized, and the break-even acreage of greenhouses would be highest. At

the other extreme, piping and pumping facilities could be added at a

rate just sufficient to meet the demand. This approach would lower the

initial capital requirements and reduce the risk investment, but the

total construction cost and unit operating cost would be higher.
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The three cases examined, as routes for eventually reaching

the 25-acre level are:

Option 1: Provide an initial pumping and piping system capable of

supplying 5 acres. When this facility is at capacity,

expand it by an additional 5 acres. When both these

facilities are fully utilized, add capacity for 15 acres.

Option 2: Start with a pumping and piping facility sufficient for

10 acres and when it is fully utilized add capacity for

15 acres.

Option 3: Initially install a facility to supply 25 acres of green-

house.

4.1 PUMPHOUSE

The pumphouse is located immediately adjacent to the upstream

end of the effluent channel (Figure 3). It is a concrete block struc-

ture 6.1 m x 7.6 m x 2.4 m high on a concrete foundation extending 1.2 ni

below grade. At one end a concrete sump 5.2 m deep, joined to the

effluent channel by a trench or large culvert, houses the pumps and

ensures the required net positive suction head. At the opposite end of

the building the discharge piping of the pumps is manifolded together

1.1 m below grade. A removable grated steel floor covers the pipes and

valves. The motor generator set is located on the non-removable floor

section.

4.2 THE SUPPLY AND RETURN PIPING SYSTEM

Three different types of pipe (plastic, asbestos cement, and

ductile iron) were considered for the supply and return piping which

runs from the pumphouse to the distribution supply manifold, and from

the distribution return manifold back to the effluent channel (Figure 3 ) .
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SUPPLY & RETURN
CONNECTION POINTS

GREENHOUSE BLOCKS

FIGURE 3 : APPROXIMATE LOCATION OF PUMPING AND PIPING FACILITIES
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Plastic pipe Is light, easy to handle and corrosion resistant.

However, its strength falls off markedly with increasing temperature,

necessitating thicker walls, which tends to reduce its apparent cost

advantage. Nevertheless chlorinated PVC*merits further consideration,

especially for parts of the circuit where temperature and pressure are

low.

Asbestos cement piping is inexpensive and has good corrosion

resistance; however, it requires great care in laying and poorly bedded

pipe in rocky backfill is prone to breakage.

Ductile iron pipe with a cement lining has excellent mechanical

properties and good corrosion resistance. Although more expensive than

plastic or asbestos cement, it was used as the reference pipe to minimize

the likelihood of pipeline failure.

The route of the supply and return piping (Figure 3) passes

under the road to the abandoned railroad bed, and crosses McAskill's

Brook at the abutments of the former railroad trestle. (It is presumed

that ownership of the railroad right-of-way has lapsed to AECL.)

The piping system was sized on the basis of a pressure drop of

about 0.11 kPa/m at maximum flow. Pipe sizes required for the various

options are shown in Table S and layout lengths are shown on Figure 4.

PVC - Polyvinyl Chloride
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TABLE 5

DIAMETER AND LENGTH. OF SUPPLY (AND RETURN). PIPES REQUIRED
TO SERVE VARIOUS SIZED GREENHOUSE INDUSTRIES UNDER THE THREE OPTIONS

Option

Option

Option

1

2

3

5 acres
Diameter

(mm)

254

Length

(ml

884

Greenhouse area served

10 acres
Diameter

(mm)

254

305

Length

On)

1768

884

25 acres
Diameter

(mm)

254
356

305
356

457

Length

Cml

1768
884

884
884

884

4.3 THE DISTRIBUTION PIPING SYSTEM

The distribution piping system carries water from the supply

header to the greenhouse and back to the return header. Single line

supply and normal return piping were used for each of the pipe circuits

(Figure 3). Water supply and return connections at one end of each

greenhouse block (Figure 5) are provided with residual static pressure

differential in excess of 34.5 kPa, sufficient to drive the water through

a reasonably designed heating system.

Because of the length of circuit C, its pressure requirement

is significantly greater than that of circuits A and B. To provide the

required head for C circuit, and avoid the need for higher head on the

whole system, a booster pump is installed in the middle of C circuit

when it is extended to serve the last 7 acres.
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,203

1 ACRE 2 ACRES 254

,305 1 ACRE 1 ACRE

BOOSTER PUMP

3 ACRES 2 ACRES 1 ACRE 1 ACRE

FIGURE 5: DISTRIBUTION PIPING
(Pipe sizes in mm and lengths in m)

2 ACRES

1 ACRE 1 ACRE
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Individual circuits can be installed piecemeal to minimize

cash flow. For example, initial installation on B circuit could stop at

the first take-off point, and be extended with additional greenhouse

commitments. Depending on the areas reserved by individual growers for

future expansion, it is conceivable that at some time A, B and C circuits

could all be partially installed.

4.4 THE PUMPING SYSTEM

The major factors considered in designing the pumping system

were:

- suction head requirements,

the piping system characteristics, in terms of pump head

required to induce the necessary flows,

- pump efficiency and power requirements,

- control system efficiency in minimizing pumping energy re-

quirements, and

back-up pumping capacity.

After the pressure drop at various flow rates in the piping

system was calculated, pumps were selected to give the required head

versus capacity relationships. It was found that two basic pumps, in

various combinations and with a variable-speed control system, could

satisfy the requirements of the different options. The smaller pump is

22 kW and is capable of delivering 73 kg/s at 224 kPa head. The larger,

56 kW pump is capable of delivering 194 kg/s at the same head. Although

variable speed pumps are significantly more expensive than constant

speed ones (Appendix C), they are considered necessary for this appli-

cation. Variable speed pumps allow the load demand curve to be matched,
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and since the system load factor is only about 33%, cost of operation

and pressure variations are significantly reduced by speed control. The

pump control system will measure system flow and pressure and cause the

appropriate pumps to start, stop or change speed.

The pump combinations were selected (Table 6) so that in case

of breakdown of one, the remaining pump(s) would supply enough water to

maintain greenhouse temperature above the survival temperature of 10°C.

Each system can survive under worst conditions with the loss of any one

pump, and under most conditions it is probable that design temperature

would be maintained (Table 7). Under moderate conditions, the plants

could survive a dual pump-pipeline failure but they may freeze under the

worst conditions.

TABLE 6

COMBINATIONS OF PUMP SIZES (kW) AND CONTROLS
REQUIRED TO SERVE GREENHOUSES OF VARIOUS SIZES

Option 1

Option 2

Option 3

Pump size (kW) for greenhouse area of

5 acres

22 C*
22 V*

10 acres

22 C
22 V

22 C
22 V

25 acres

22 C
22 V
56 V

22 C
22 V
56 V

56 C
56 V

* C indicates constant speed

* V indicates variable speed



TABLE 7

ACRES OF GREENHOUSE THAT CAN BE HEATED TO DESIGN OR SURVIVAL TEMPERATURE
WITH VARIOUS COMBINATIONS OF PUMPS AND PIPELINES

. Pipelines in
Service (mm
diameter)

Pumps
in Service (kW)

22

22 + 22

56

56 + 22

56 + 22 + 22

56 + 56

Acres of Greenhouse

At Design Heat Load

254

5.5

6.0

6.5

6.5

6.5

-

2x 254
or
305

8.5

11.0

11.8

12.5

12.5

14.0

2x 254 & 356
or

305 & 356
or
457

—

18.0

18.8

23.0

25.2

28.8

At

254

7.8

8.5

9.2

9.2

9.2

-

Survival Heat Load

2x 254
or
305

12

15.8

16.8

17.8

17.8

20.0

2x 254 & 356
or

305 & 356
or
457

-

25.8

26.8

32.8

36.0

41.0
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4.5 BACK-UP HEAT SUPPLY

There are at least three possible causes of loss of warm water

supply to the greenhouse:

1. pipeline failure,

2. shutdown of the heavy water plant,

3. power failure (no pumping).

Pipeline failure is not considered to be a serious problem

because a complete loss of flow is very unlikely, and leaks can be

repaired when flow interruption is tolerable.

The auxiliary heat requirement during heavy water plant shut-

downs is shown in Figure 1. To meet this demand, a steam line can be

run to the greenhouse system pumphouse from the Nova Scotia Power Cor-

poration line supplying GBHHP (Figure 3). Direct injection of steam

into the hot end of the cooling pond will be used to heat the water to

a sufficient temperature to meet the greenhouse heat requirements. The

likelihood of loss of back-up steam is not great (Appendix F) since the

Seabcard Generating Station is a multi-unit station.

The more likely failure is the loss of electricity to run the

pumps, due to failures in the electrical distribution system. A standby

electrical generator, of sufficient output to start and run the necessary

pumping capacity, or a gasoline driven pump, is therefore required. A

gasoline-fueled generator was selected because the low load factor does

not justify the higher cost of a diesel-electric set, but the possible

advantages of a gasoline-driven pump should be investigated.



TABLE 8

SUMMARY OF THE ANNUAL FIXED AND OPERATING COSTS OF THE HEAT SUPPLY SYSTEM ($/a)

Option 1

Initial 5 acres

Next 5 acres

Next 15 acres

Total 25 acres

Option 2

Initial 10 acres

text 15 acres

Total 25 acres

Option 3

25 Acres

Capita
Initial

2

422 000

226 000

773 000

L 421 000

521 000

773 000

L 294 000

L 111 000

1 Cost
Annual

3

68 700

36 800

125 800

231 300

84 800

125 800

210 600

180 800

Annual
Maintenance

Cost

4

9 500

1 200

10 300

21 000

10 000

10 300

20 300

15 800

Total
Annual

Fixed Cost
(3 + 4)

5

78 200

38 000

136 100

252 300

94 800

136 100

230 900

196 600

Annual Power Costs

Pumping
Power

6

1 100

1 300

5 800

8 200

2 400

5 800

8 200

8 200

Standby
Generator

Gas

7

100

100

300

500

200

300

500

500

Backup
Steam
Cost

8

1 100

3 800

31 100

36 000

4 900

31 100

36 000

36 000

Total
Variable
Cost

(6 + 7 + 8)

9

2 300

5 200

37 200

44 700

7 500

37 200

44 700

44 700

Total
Annual
Cost
(5 + 9)

10

80 500

43 200

173 300

297 000

102 300

173 300

275 600

241 300

VO

I
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4.6 FIXED AND OPERATING COSTS OF THE HEAT SUPPLY SYSTEM

Cost estimates of various parts of the heat supply system are

given in Appendix C. These costs are summarized in Tahle 8.

The pipeline, and the pumphouse and contents have been as-

signed annual maintanance costs equivalent to 0.5% and 7%, respectively,

of their initial capital cost. Pumping costs have been approximated by

multiplying the power per acre by the load factor determined in Section

5.5 (4.5 x 0.33 = 1.5 kW) and then applying the electrical power costs

presented in Section 2.4.3. It has been assumed that the standby motor

generator set will run for 48 hours per year. The amount of purchased

steam is shown in Figure 1 and its cost is given in Section 2.4.3.

5. GREENHOUSE

5.1 REFERENCE GREENHOUSE DESIGN AND VARIATIONS

The reference greenhouse is a standard design which can be

used to grow vegetables, bedding plants or flowers. It is approximately

1 acre in size and consists of 10 bays, each 7.3 m wide and 61 m long

with an overall dimension of 73 m by 61 m (Figure 6). The roof arch of

the bays has an arc length of 8.2 m, a total height of 4 m in the middle

of the bay and is 2.4 m under the gutter. An access aisle, about 3.7 m

wide, runs across the bays in the middle of the greenhouse. Heat transfer

equipment is located overhead in the access aisle and hot air is circu-

lated through plastic ducting (poly-tube) held under the roof of the

bays. Louvers and exhaust fans for summer cooling are located on opposite

ends of the bays. The house is covered with two layers of polyethelene

separated by air on the roof and sides.
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FIGURE 6: THE REFERENCE GREENHOUSE

(Louvers, exhaust fans and heat exchangers have been shown
in only a single bay but are present in all)
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The following variations in greenhouse design were also

examined :

1. single layer fibreglass structures,

2. night covers,

3. half-acre units,

4. insulated north wall.

5.2 HEAT LOSS FROM THE GREENHOUSE

The greenhouse structure loses heat to the environment by

conduction, convection and radiation. The conductive and convective

losses are proportional to the temperature difference between the inside

and outside air, whereas the convective loss is also a function of the

air velocity on the inside and the outside of the house. Radiative loss

is a function of the temperature of the outer skin of the house, its

emissivity and the temperature of the sky.

(2)

Heat loss correlations determined earlier for an inside

temperature of 21°C and outside wind velocity of 24 km/h have been used

for this study. The peak heat loss is estimated for the following

criteria and conservative assumptions:

1. inside air temperature of 21°C,

2. outside air temperature of -20°C,

3. outside air velocity of 24 km/h,

4. clear night sky,

5. heat loss coefficient of the sides and roof are equal.
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The peak heat loss estimated for the reference greenhouse, 1.0
(12)

MW, compares favorably with values obtained by others as well as the

design value for the SHERCO Greenhouse^ . The heat loss could be

reduced 2% by insulating the north wall or 23% by using a night cover

over the plant canopy and heating system. A one-acre house with single-

layer fiberglass on the roof and sides has a peak heat loss 78% greater

than that of the reference design. If the sides of this house are

covered with another layer of polyethylene, the peak heat loss will

still be 69% greater than that of the reference house. If a night cover

is also added, the peak heat loss from the house will become the same as

in the reference house.

A half-acre house has 5% more exposed surface area per unit

growing area than a one-acre house, making the peak heat loss higher by

about 5% for the same growing area. The grower can therefore chose

between these two sizes without paying much attention to the heat loss.

However, the double layer polyethylene construction has a significant

heat saving over the single layer fibreglass construction.

5.3 HEAT EXCHANGERS IN THE GREENHOUSE

The following three types of exchangers to transfer heat from

the hot water effluent into the greenhouse and maintain an inside air

temperature of 21°C, were considered:

(D

1. the system proposed by Iverson, Prowse and Campbell ,

2. natural convection finned tubes,

3. forced convection unit heaters.

(2)

The heat transfer system proposed by Iverson et al. re-

quires separating the greenhouse into two air flow zones by placing an

additional layer of polyethylene above the plant canopy. This layer
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decreases the light levels in the greenhouse and Is a disadvantage where

plant growth Is limited by winter sunshine. Winter sunshine is quite

low in Sydney so this system was not considered further.

Natural convection finned tubing is used extensively in Nova

Scotia greenhouses heated with steam. However, with 65°C water, the

capacity of the finned tube drops to 30.5% while the unit heater capa-

city drops to 41% of the steam case. A cost comparison shows that a

forced convection, unit heater can transfer the same amount of heat at

1/3 to 1/2 the cost including the cost of electricity required to operate

the fan. Since unit heaters are compact, readily available and have

proven adaptability for this appliaction, they were selected as the

reference heat transfer equipment (Table 9).

The reference one-acre greenhouse requires 20 unit heaters,

two in each bay, installed near the top of the arch in the center access

aisle. The warm air is distributed through perforated polyethylene

tubes extending from each unit heater to the end of each bay. Outside

air is drawn into the suction side of the heater when desired for humi-

dity control. The two end bays require larger unit heaters than the

middle bays because of the heat loss from the exposed walls.

A one-acre greenhouse covered with single-layer fiberglass

requires twice as many unit heaters (somewhat smaller in capacity) to

maintain the same temperature as the reference greenhouse.

The hot water supply and return lines and the electrical

cables to the motors in the unit heaters are run through the access

aisle. The heater fan and the hot water flow are automatically control-

led by on-off thermostats located in each bay.



TABLE 9

UNIT HEATER DATA

Description of the Greenhouse

1. Reference greenhouse
one acre

2. Single-layer fiberglass
roof, double poly sides,
one acre

3. Demonstration unit,
double poly construction,
half acre

4. conventional fossil
generated steam heating
system in reference
house, one acre

Bay

end bay

middle bay

end bay

middle bay

end bay

middle bay

end bay

middle bay

No. of
Bays

CM
 

00
CM

 
00

2

3

CM
 

CO

Heat Input
per bay

kW

117

94

182

158

141

112

117

94

Manufacturers
Model^
Number

H-174

H-136

H-136

H-234

H-200

H-166

H-166

H-122

No. of
units

required

8

32

16

32

00 
CM

4

16

**
Cost
$/unit

436

405

405

633

541

430

430

381

Markhot Inc.
400 Place Transcanada Highway
Longueuil PQ
J4G 1N9

** Quotation
July 1977; FOB Glace Bay, N.S.
Includes F.S.T.
P.S.T. Extra
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The heat exchangers were sized for a hot water supply of 66°C

and a return temperature of 49°C. A lower return temperature would

minimize the flow rate of water required and therefore the size of the

piping, and the pumping power, required to heat a given size of green-

house. This approach would also maximize the total greenhouse area that

could be heated with the available hot water. On the other hand, a

higher return temperature would minimize the size of the unit heaters

and the power required to drive them and therefore the cost of heat

transfer in the greenhouse.

With the chosen temperature drop, each acre of the reference

greenhouse requires about 14.4 kg/s of water at the peak demand period.

The available effluent is sufficient to supply the peak heat demand of

about 25 acres.

Variations from the reference design requiring the installa-

tion of more unit heaters, such as narrower bays or single layer cover-

ing would lead to higher heating costs. Changes producing either lower

heat loss (insulation of the north wall, addition of a night cover under

double polyethylene) or allowing installation of fewer unit heaters

(widening the bays) would decrease heating costs.

5.4 PERFORMANCE OF THE HEATING SYSTEM

This section examines the performance of the heating system

when the outside conditions are more severe than the design values.

5.4.1 Low Temperatures

As the outside temperature drops below the design value, the

heating system becomes unable to cope with the heat loss and the tempera-

ture in the greenhouse drops. However, as the greenhouse temperature
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drops, the temperature difference between the hot water and the green-

house air increases and the heat exchanger output increases. In addi-

tion, the heat loss from the greenhouse decreases compared to what it

would be if the greenhouse temperature was 21°C. These opposing activi-

ties balance and a new temperature, less than 21°C, is established in

the greenhouse. An analysis indicates that the greenhouse temperature

would decrease to about 13 - 16°C if the greenhouse was exposed to -31.7°C,

the lowest recorded temperature for Sydney (Figure 7). The greenhouse

would remain warm enough for the plants to survive with an outside

temperature as low as -45°C. At the mean monthly minimum of -20.6"C

observed in February for Sydney, the greenhouse temperature would drop

to about 20.5°C. These temperature extremes have been assumed to occur

during clear nights when the wind velocity is rot more than 24 km/h.

Cloud cover, lower wind velocities and daylight all reduce the green-

house heat loss. During temperature extremes, outside air will not be

intentionally admitted into the house but under less severe conditions

the system will have excess capacity which will allow introduction of

outside air for humidity control.

5.4.2 Cloud Cover

Cloud cover increases the effective sky temperature, thereby

decreasing the amount of heat lost by radiation from the greenhouse. No

advantage has been claimed for cloud cover in the heat loss analysis.

5.4.3 Wind Velocity

The convective heat loss from the greenhouse is a function of

the wind velocity with higher velocities inducing greater heat loss.

Monthly average wind velocities for Sydney range from 18 to 23 km/h.

The calculations adopted the standard practise of assuming a 24 km/h

wind. It is unlikely that high wind velocities and extremely low tem-

peratures would occur simultaneously.
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5.4.4 Sunshine

Solar radiation always contributes heat to the greenhouse even

during cloud cover and extremely low temperatures. In all months except

January and February the greenhouse heating system will have to be

turned off during the peak sunlight hours. In summer months, solar heat

input is large enough that the greenhouse requires cooling by drawing in

outside air. However, a greenhouse in Sydney should not require pad

cooling during the summer.

5.4.5 Snow Load

It is of interest to estimate the maximum rate that snow

falling on the roof can be melted with the proposed heating system.

Often during heavy snow falls, the air temperature is not extremely low

but during blizzards high wind velocities, high snow fall and low tem-

peratures can occur simultaneously. Under blizzard conditions, however,

much of the snow may be blown off the roof and that remaining will

insulate the roof from contact with the wind, thereby decreasing the

heat loss.

For the purpose of calculations, it is conservatively assumed

that, during heavy snow falls, the air temperature is -9.5°C, wind

velocity is 24 km/h, the night sky is clear and air is not intentionally

being introduced into the greenhouse. Under these conditions, the

heating system can melt 5.6 mm of snow per hour while maintaining the

greenhouse temperature at 21°C. A greater snowfall, for example 12 mm

per hour, would melt without accumulation but the inside temperature

would drop to 15°C.



- 40 -

On 17 March 1976 in Sydney, 191 mm of snow fell during •

24-hour period while the recorded air temperature varied hetween 2 and

-11"C . The greenhouse system could have melted this snowfall without

a decrease in temperature.

5.5 THE LOAD FACTOR

Determination of the greenhouse heating system load factor is

required to compare the overall cost of heating the reference greenhouse

with waste heat or fossil fuel. The following three methods were con-

sidered:

1. standard heating degree day method (degree days below 18.3°C),

2. modified heating degree day method using degree days below

21°C,

3. a graphical integration method using solar insolation and mean

daily temperatures.

The standard heating degree day method involves determining

the heating days below 18.3°C in a year and dividing it by the design

heating degree day capacity. For example, the long-term average number

of heating degree days for Sydney is 4 565 per year. Design heating

degree day capacity for the greenhouse heating system is [18.3 - (- 20)]

365 - 13 980. The capacity factor is 4 565/13 980 « 0.327.

In the modified heating degree day method, the procedure is

the same except the number of heating degree days below 21°C is calcu-

lated from the mean daily temperatures. For Sydney this is 5 494 degree

days per year and the capacity factor is, therefore, 5 494/14 965 "

0.367.
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The method based on solar insolation and mean daily tempera-

tures is more involved. Average solar insolation for Sydney was calcu-

lated for each month of the year from the latitude, altitude and the

mean cloud cover. The air pollution level in the area is not known and

was, therefore, neglected. Heat loss was estimated for each month using

the mean daily temperatures and the actual heat load was determined by

graphical integration. The capacity factor determined by this method is

0.329.

The three methods agree to a gratifying extent. A value of

0.33 is used in this study but the actual value is likely to be higher

mainly due to the evaporation losses and the amount of makeup air

required to control humidity.

5.6 FIXED AND OPERATING COSTS

The costs of heat transfer equipment required per acre of

reference greenhouse for a conventional steam heating system using

fossil fuel and the GBHWP effluent heated system are summarized in Table

10. The annual costs for the equipment in the greenhouse are higher for

the system using GBHWP effluent. This extra cost was added to the other

costs involved in bringing the effluent heat to the greenhouse to allow

an overall cost comparison between the conventional and the waste heat

system. Since the two systems are very similar, the comparative method

can be used to avoid costing items common to both systems.

It should be noted that the differential costs of the heat

transfer system within the greenhouse are borne by the growers and not

by a heat utility. The total annual differential costs of owning and

operating the greenhouse heating system with warm water are shown in

Table 11.
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TABLE 10

COMPARATIVE COSTS OF OWNING AND OPERATING THE HEAT TRANSFER
EQUIPMENT IN A ONE-ACRE REFERENCE GREENHOUSE

ÇLOAD FACTOR « 0.33)

Capital Cost of
heat transfer
equipment, $

Capital charge rate
at 10% interest and
10 years, $ per year

Power rating of the
heat transfer
equipment, kW

Cost of electricity
$ per year

Total annual cost
$ per year

GBHWP Effluent
Heating System

16 500

2 685

8.0

1 130

3 815

Fossil Generated
Steam Heating

System

7 800

1 269

2.7

380

1 649

Cost Differential
to be added to
GBHWP Effluent
Heating System

8 700

1 416

5.3

750

2 166
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TABLE 11

TOTAL ANNUAL DIFFERENTIAL COST ($) OF GREENHOUSE HEATING SYSTEMS
USING GBHWP EFFLUENT

Options

OPTION 1

Initial 5 acres

Next 5 acres

Next 5 acres

Total 25 acres

OPTION 2

Initial 10 acres

Next 15 acres

Total 25 acres

OPTION 3

25 acres

Extra Heat Transfer
Equipment

Initial
Capital Cost

43 500

43 500

130 500

217 500

87 000

130 500

217 500

217 500

Annua.1
Cost

7 100

7 100

21 200

35 400

14 200

21 200

35 400

35 400

of Extra Fan
Power

3 800

3 800

11 300

18 900

7 600

11 300

18 900

18 900

Total Annual
Cost

10 900

10 900

32 500

54 300

21 800

32 500

54 300

54 300

Amortization over 10 years at 10%.
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6. FOSSIL-FIRED COMPARISON SYSTEM

A centralized, low pressure steam boiler system fired with

bunker C oil was designed and costed for comparison purposes. Low

pressure steam is supplied to the individual greenhouse units by a dis-

tribution network of insulated pipes. Boiler requirements for the three

options are shown in Table 12.

The overall cost is made up of the following five elements:

1. boiler facilities,

2. steam distribution lines,

3. operating labour,

4. maintenance,

5. fuel and electricity.

Detailed cost estimates of the boiler facilities and the steam

distribution lines are presented in Appendix D and summarized in Table 13.

Labour requirements for boiler attendance vary from province

to province in terms of the level of operation at which full-time cover-

age is required, and in terms of the qualifications of the attendants.

It has been assumed that the continuous attendance is mandatory. This

will require four stationary engineers who will be on the payroll year-

round, although only 3/4 of their salary is charged to heating and the

other 1/4 is covered by other aspects of the greenhouse operation such

as mechanical maintenance work outside the boiler house. At a very

conservative average wage of $7.00 per hour, the annual cost of boiler

attendance labour is $42 000. The cost of operating supplies and main-

tenance materials is assumed to be 3% of capital. It has been assumed

that the stationary engineers carry out the maintenance.
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The cost of bunker C oil was estimated at $1.80/CJ (Section

2.4.3) and the boiler efficiency was assumed to be 75%. An average of

3.8 kW(e) per boiler MW(th) was charged at the current price of electri-

city (Section 2.4.3) for operation of fans and pumps associated with the

boilers.

TABLE 12

BOILER CAPACITY FOR THE FOSSIL-FIRED SYSTEM

Option

1

2

3

Phase

1

2

3

TOTAL

1

2

TOTAL

-

Greenhouse
Area
Acres

5

5

15

25

10

15

25

25

Actual Capacity
Required

MW

5.00

5.00

15.00

25.01

10.00

15.00

25.01

25.01

Boilers Used
No.

2

1

1

4

2

1

3

2

Size
MW

3.01

5.00

15.00

-

6.00

15.00

-

15.00

Capacity
Provided

MW

6.02

5.00

15.00

26.02

12.00

15.00

27.00

30.02



TABLE 13

COST SUMMARY OF BUNKER C FUELED BOILER PLANT ($)

Option

1

OPTION 1

Initial 5 acres

Next 5 acres

Next 15 acres

Total 25 acres

OPTION 2
1
Initial 10 acres

Next 15 acres

Total 25 acres

OPTION 3

25 acres

Capital

Initial

2

213 000

153 000

565 000

931 000

345 000

565 000

910 000

880 000

Cost

Annual

3

34 700*

24 900

92 000

151 600

56 100

92 000

148 100

143 200

Labour

4

42 000

0

0

42 000

42 000

0

42 000

42 000

Operating Cost

Power

5

2 700

2 700

8 000

13 400

5 400

8 000

13 400

13 400

Fuel

6

125 000

125 000

375 000

625 000

250 000

375 000

625 000

625 000

Maintenance
and Supplies

7

6 400

4 600

17 000

28 000

10 400

17 000

27 400

26 400

Total
Operating
(4+5+6+7)

8

176 100

132 300

400 000

708 400

307 800

400 000

707 800

706 800

Total
Annual Cost
(3 + 8)

9

210 800

157 200

492 000

860 000

363 900

492 000

855 900

850 000

at 10% for 10 years
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7. SUMMARY AND DISCUSSION OF COMPARATIVE COSTS

Under the assumptions of this study, any greenhouse area

greater than about one acre can be heated more cheaply using heat from

GBHWP than is possible using fossil fuel (Figure 8, Table 14). This

conclusion is relatively insensitive to assumptions about the cost of

the fossil-fired system since, for systems larger than 5 acres, heat

from the thermal effluent can be delivered more cheaply than the cost of

fuel alone for the fossil-fired system (Figure 8). This relationship

will likely remain stable for the foreseeable future given the predicted

increases in the price of fossil fuel (Appendix A ) .

A critical assumption of the study is that back-up steam is

available from the Seaboard Generating Station with a high level of

reliability. If the reliability of this steam supply is considered

inadequate, a fossil-fired backup greenhouse system would have to be

built which would increase the cost of heat to the greenhouses by as

much as 12% (Appendix F ) . Even in this case, however, the cost of heat

from GBHWP would be well under 50% of that of the fossil fueled system.

For the sizes of greenhouse industries considered here, the cost of fuel

for the back-up heating system is not great and most of the cost is a

capital charge. Because of the relationship between reliability and

heat produced, the cost of back-up heat will become more important in

larger-sized industries. This effect is seen in the higher unit energy

costs for the total system under option two than for the initial 10

acres (Table 15).

Purchased energy accounts for about 20 percent of the annual

costs in the waste heat system, while in the fossil fueled system energy

accounts for about 75 percent of the costs (Table 14). Capital charges

make up about 75% of the annual costs in the waste heat system and about
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TABLE 14

OVERALL COMPARATIVE COST SUMMARY

OPTIONS

WASTE HEAT SYSTEM

Option 1

Initial 5 acres

Next 5 acres

Final 15 acres

Total 25 acres

Option 2

Initial 10 acres

Final 15 acres

Total 25 acres

Option 3

25 Acres

BUNKER C SYSTEM

Option 1

Initial 5 acres

Next 5 acres

Final 15 acres

Total 25 acres

Option 2

Initial 10 acres

Final 15 acres

Total 25 acres

Option 3

25 acres

Total
Capital
Outlay*,$

465 500

269 500

903 500

1 638 500

608 000

903 500

1 511 500

1 328 500

213 000

153 000

565 000

931 000

345 000

565 000

910 000

880 000

ANNUAL COSTS $

Capital
Charges

75 800

43 900

147 000

266 700

99 000

147 000

246 000

216 200

34 700

24 900

92 000

151 600

56 100

92 000

148 100

143 200

Labour,
Supplies and
Maintenance

9 500

1 200

10 300

21 000

10 000

10 300

20 300

15 800

48 400

4 600

17 000

70 000

52 400

17 000

69 400

68 400

Purchased
Energy

6 100

9 000

48 500

63 600

15 100

48 500

63 600

63 600

127 700

127 700

383 000

638 400

255 400

383 000

638 400

638 400

Total
Annual
Cost

91 400

54 100

205 800

351 300

124 100

205 800

329 900

295 600

210 800

157 200

492 000

860 000

363 900

492 000

855 900

850 000

Includes extra heat transfer equipment cost
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TABLE 15

Option 1

Initial

Expanded

Total 25

Option 2

Initial

Total 25

Option 3

Total 25

COMPARISON

5 acres

to 10 acres

acres

L0 acres

acres

acres

OF UNIT ENERGY COSTS AND COSTS PER ACRE

Unit Energy Cost

Waste heat

1.76

1.40

1.35

1.19

1.27

1.14

Fossi]

4

3

3

3.

3.

3.

($/GJ)

L fueled

05

54

31

50

29

27

Annual

Per

Heating (
*

Acre , $

Waste heat

18

14

14

12

13

11

280

550

052

410

196

824

Hosts

Fossil fueled

42

36

34

36

34

34

160

800

400

390

236

000

Heat consumption per acre-year is 10 400 GJ
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20% in the fossil-fired system. The waste heat system, once built,

should therefore be less affected by inflation or increases in the cost

of energy than the fossil fueled greenhouse heating systems.

The cost of heat delivered by the waste heat system compares

favorably with current greenhouse experience. For example, in 1975 (the

most recent year for which data are available) Nova Scotia growers paid

(14)
an average of $20 000 per acre for fuel alonev . Since that figure is

an industry-wide average, it includes greenhouses that did not operate

year-round. Operating year-round and heating with bunker C at today's

prices, as calculated in this study, would cost $25 000 per acre per

year for fuel alone.

It is difficult to put the impact of the potential cost re-

duction for heating in perspective, since growers' costs and profits are

not accurately known. In Nova Scotia in it575, total greenhouse sales

averaged $153 000 per acre^ so it would be reasonable to estimate

that the potential savings on fuel would be equal to at least 10 percent

of gross income (Table 15). At the very least, this competitive edge

should allow a new greenhouse industry at Glace Bay to compete success-

fully in the local market. More optimistically, the opportunity to

assure himself of a heat supply at a price that would increase at a rate

far lower than that of his competitors, would offer the aggressive

grower the opportunity to compete on a much larger scale.

In summary, this feasibility study has shown that heat from

GBHWP effluent can be delivered to greenhouse air at significantly lower

costs than heat from fossil fuel systems at any industry size above

about 1 acre. The next logical step in the utilization of GBHWP waste

heat is construction of a demonstration greenhouse to verify the assump-

tions of this study and demonstrate the technology to potential growers.
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8. THE DEMONSTRATION FACILITY

8.1 PURPOSE

The demonstration facility is expected to achieve the follow-

ing objectives:

1. demonstrate the operating greenhouse system to potential

growers,

2. demonstrate the reliability of the heat supply,

3. verify the heat load determinations for the local area,

4. demonstrate the heat exchanger performance,

5. verify the load factor calculations,

6. verify the snow melting characteristics of the reference

design,

7. determine the effects of possible sulphur contamination in the

local air,

8. determine the effect of heat exchanger leaks which could

release hydrogen sulphide into the greenhouse,

9. demonstrate the suitability of internal conditions, such as

sunlight, for year round growth of plants,

10. assist in market assessment and development.

8.2 REFERENCE DESIGN OF THE DEMONSTRATION GREENHOUSE

The proposed demonstration unit is basically one-half of the

reference greenhouse unit discussed in Section 4.1. This unit can be

readily purchased and erected.
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The greenhouse will have a growing area of about 0.5 acre and

contain 5 bays, each 7.3 m wide, 61 m long and 2.4 m high under the

gutter. The whole greenhouse will be covered with two layers of poly-

ethylene. An access aisle, 3.7 m wide, will run across the middle of

the bays into a service building which will contain storage space,

office space, instrumentation and data collection room, produce packing

area, truck entrance and loading space and washrooms. The service

building should be built to a reasonable standard since it will be seen

by a large number of people.

The heating system will consist of 10 sets of unit heaters

located overhead in the access aisle, with each unit heater supplying

warm air to one-half of the bay through a polytube. An excess capacity

of 20% will be provided in the unit heaters to cover unforeseen circum-

stances.

Hot water supply and return lines, power lines to the heater

motors, and all other instrument lines will run overhead through the

access aisle. The hot water supply to each heater will be controlled by

solenoid valves operated in the on-off mode by signals from thermostats

located in each half bay.

The demonstration unit will contain all other items required

in a standard greenhouse, such as louvers, exhaust fans, plant supports,

etc.

8.3 INSTRUMENTATION

The following are required to achieve the overall objectives

of the demonstration project:



1. flow measurement of the hot water entering the greenhouse,

2. temperature measurement of the hot water in supply and return

mains,

3. measurement of temperature in various locations in the green-

house,

4. temperature measurement of the outside air,

5. multipoint temperature recorder with strip chart,

6. flow recorder with strip chart,

7. provision to leak hot water into the greenhouse,

8. measurement of hours of sunshine and insolation,

9. measurement of SO. and H.S levels in the greenhouse.

The following are desirable but not essential:

1. pressure drop measurement across the hot water supply and

return mains,

2. pressure drop measurement of the hot water across one unit

heater,

3. pressure drop measurement of air across one unit heater,

4. temperature measurement of air across one unit heater,

5. temperature measurement of the greenhouse outer and inner skin

at various locations,

6. appropriate continuous strip chart recorders or small data

logger for these instruments.

8.4 EXPECTED LENGTH OF USE

Two years of operation of the demonstration facility should be

adequate to achieve its objectives. At the end of the demonstration
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phase, the facility may be dismantled or made part of the commercial

operation, depending on its location.

8.5 LOCATION AND HEAT SUPPLY

The demonstration facility does not require any auxiliary heat

supply. Two options are considered for the location:

1. minimum cost option,

2. permanent location option.

8.5.1 Minimum Cost Option

In this option, a temporary demonstration facility is located

at a point nearest to the hot water effluent pond, for example, near the

plant parking lot. The hot water pumps are installed in a temporary

structure and the hot water supply and return lines are sized to match

the demand from this facility only. All costs are held as low as pos-

sible, consistent with a reliable, valid demonstration.

8.5.2 Permanent Location Option

In this option, the demonstration facility is located on the

land allotted for the greenhouse project. The hot water supply and

return lines are sized to supply a 10-acre greenhouse complex and the

pumping station is installed in a permanent building. This option

allows easy and rapid expansion of the demonstration facility into a

commercial operation and permanent use of most parts of the demonstra-

tion facility.
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8.6 COST

Cost estimates for two possible demonstration greenhouses are

given in Appendix E and summarized in Table 16. Most of the other combi-

nations of pipeline size, greenhouse location etc. which might be of

interest for the demonstration would be intermediate in cost between the

two considered here. Cost of a demonstration of soil heating (Appendix

A) has not been included but could be a relatively minor addition in

either case.

TABLE 16

CCST SUMMARIES FOR TWO POSSIBLE DEMONSTRATION GREENHOUSES

Pumphouse

Pipeline

Greenhouse

TOTAL

Contingency (30%)

Bonds and Permit (0.85%)

Post Contract Contingency (3%)

Design and Field Supervision (15%)

GRAND TOTAL

Permanent
Location

$ 73 635

125 750

149 200

$ 348 585

104 575

3 850

13 600

70 590

$ 541 200

Temporary
Location

$ 2 800

7 100

149 200

$ 159 100

47 730

1 760

6 200

32 210

$ 247 000
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APPENDIX A

OPEN FIELD SOIL HEATING

It has been recognized that both soil and air temperature are

important factors affecting plant growth. In general, air temperature

controls reproductive growth while soil temperature controls vegetative

growth. Optimum soil temperature varies with the plant species under

consideration.

Soil heating in open fields has been tested as a means of

extending the growing season for crops in northern climates^ ' '

To date, the source of heat considered for large-scale applications has

been the condenser cooling water discharged from generating stations in

the temperature range of 27 to 32°C. The soil is heated by passing this

warm water through a piping network buried underground. A survey of

experimental work conducted on this topic indicates the following:

1. The soil dries near the heat source, decreasing the thermal

conductivity of the soil. This problem can be overcome by

continuously supplying water near the heat source by a sub-

surface irrigation system.

2. Since optimum crop yields require maintaining the root or

ground temperature at an appropriate level throughout the

growing season the heat load in mid summer is minimal while

peak loads are realized in the spring.

3. Soil heating extends the growing season but provides little

protection against frost. Some frost protection can be

achieved by covering the plant rows with plastic covers

(tunnels).
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4. With soil heating, crops mature early but total yields are

similar to those from unheated fields.

5. The capital cost of a typical, 125-acre soil heating instal-

lation using plastic pipes for distribution was estimated to

be $411 000 or $3 300 per acre^ . The capital charge and

operating costs were estimated to be $270 per acre year. Ob-

servations to date do not indicate that an extra $270 worth of

production per acre can be achieved by soil heating.

6. An examination of the soil as a heat sink for the generating

station effluent showed that approximately 34 acres are re-

quired in summer to dissipate one MW from the condenser cooling

water . The pumping power required to circulate the water

in underground piping was estimated to be 0.45 kW(e)/acre' .

These observations suggest that soil heating is not an economic

route either for growing crops or for dissipating waste heat from GBHWP.

It is possible, however, that for specific high value crops in some local

situations, the technique could be useful.

We recommend that developments in open field soil heating be

observed closely for breakthroughs or new techniques. Since the hot

water effluent from the greenhouse heat exchangers would be a suitable

source of heat for soil heating, it would be relatively inexpensive to

construct a small soil heating plot next to the demonstration greenhouse.

We recommend that this be done, since it would generate the local heat

transfer, plant growth, and economic data required to assess properly

this agricultural technique.
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APPENDIX B

FUTURE ENERGY COSTS

The expected trends in costs of fossil fuel are well summarized

>rmi

quote:

in information received from the Nova Scotia Energy Council and we

"The Federal Government recently embarked on a policy of

phasing out compensation and increasing the domestic well-head

price such that all Canadians will be paying the world price for

crude oil by 1980. The graduated increase will take place under

the following schedule:

July 1, 1977 - Wellhead price increases $l/bbl. to

$10.75/bbl. (Dlvd. price to Toronto

$11.60/bbl.)

January 1, 1978 - Wellhead price increases $l/bbl.

July 1, 1978 - Wellhead price increases $l/bbl.

January 1, 1979 - Wellhead price increases $l/bbl.

With the January 1, 1979 price increase, Canadians will have

reached the current world price of crude oil.

It is expected that Canadian crude will be priced to reflect

world crude oil prices, and the delivered cost to Canada of foreign

crude. Hence, prices after January, 1979, will be dependent on the

actions of foreign oil suppliers and demand/ supply balances; many

analysts expect a modest 5%/annum increase to maintain real prices.
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Bunker C has maintained a price of approximately $l/barrel

less than the delivered price of crude oil, over the last three

years (about 9.50 to 9.95/bbl. at present to the large volume

user). Bunker prices are usually influenced by the size of the

consumer's contract, and the supply of Bunker available. The

official posted price of Bunker C is about 31 c.p.g. at present.

This price should continue to increase with crude prices, at

approximately par - $l/bbl. or 3.1 c.p.g. per dollar increase in

crude oil."

On the basis of this information, the prices for Bunker C at

Glace Bay are expected to be about:

34.1c per gallon after July, 1977,

37.2c per gallon after January, 1978,

40.3c per gallon after July, 1978,

43.4c per gallon after January, 1979.

The cost of electrical energy can also be expected to increase

in the future somewhat in relation to the price of fossil fuels. The

exact relationship will depend on the mix of fuels used by the utility

to generate the power. Since electrical power costs are a small portion

of total operating costs of both the conventional and waste heated

greenhouse operations, we have not attempted to project the future costs

of electricity.
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APPENDIX C

COST ESTIMATE OF THE WASTE HEAT SUPPLY SYSTEM

Except for a few specific items such as pumps, cost estimates

are for the Halifax area as given in "Yardsticks for Costing - 1977",

a supplement to "The Canadian Architect".

C.I OPTION ONE, PHASE ONE (INITIAL 5 ACRES)

C.I.I PUMPHOUSE

Building

Concrete block, 6 m x 7 . 5 m x 2 . 5 m high excavated

1.5 m deep for pipes. Grated floor removable for

access to pipe and flowmeters.

3 3
Excavation, 57 m x $5.60/m

Footings, 27.4 m x $13.30/m

Trench, 27.4 m x $13.6/m

Foundation walls, 27.4 m x $27.90/m

Walls, concrete block 27.4 i x 2.5 n x $35.75/m2

Floor,-(steel, removable over pipes)
46.5 in x $39.30/nr

Roof, 46.5 m 2 x $43.05/ra2

Sump for pumps

$11 100 $11 100

2

1

2

3

$320

365

375

765

450

825

000

000
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1

11

2

325

275

500

200

880

160
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Powerline to Pumphouse 6 500

Electrical

Overhead service, 600 V 200 A ) , .
f good for up to

Distribution switchboard ( 25 acres

Motor control center, $750/22 kW x 2

Lighting (gas motor-generator)

Standby power, 45 kW motor-generator (1 motor)

Transfer switch

$17 340 $17 340

Pumps

22 kW with variable speed drive $15 770

22 kW direct drive 4 970

Installation at 25% of cost 5 200

$25 940 $25 940

Piping

Fittings 2-10"* check valves = 2 x $947

4-10" shut-off valves = 4 x $550

1-10" TEE

1-10" Cross (estimate) (10x10x10x4)

$4 545

Pipe 4.6 m of 10" dia. x $30.40/m

Labour to assemble (25%)

$1 310 $1 310

$1

2

$4

1

895

200

200

250

545

140

170

The dimensions of fittings and pipe are given in inches since
these are nominal sizes, not actual dimensions.
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Control System

2 flowmeters x $745 $1 490

2 pressure transducers x $200 400

Control circuits and pump actuators 5 010

$6 900 $6 900

$73 635

C.I.2 PIPELINE

Costs of cast iron were used since they are comparable to those

of ductile iron.

Supply to, and return from, distribution point
10" = 884 m x $108.26/m $95 700

Supply from distribution point to green houses
10" = 509 m x $108.26/m 55 110
12" = 110 m x $124.67/m 13 680

Supply and Return Valves, 2 - 10" x $550 1 100

$165 590 $165 590

C.I.3 STANDBY HEAT SUPPLY

Use 4.5 MPa steam from the Seaboard Generating
Station line located 366 m from the effluent
channel. Steam is exhaused directly into water.

GBHWP continually exhausts 5 kg/s of 100°C water
which is available free of charge -
5 kg/s (419.1 - 205.1) kj/kg = 1070 kj/s = 1070 kW.
Therefore, steam line required for (5 x 1.002 MW -
1.070 MW = 3.94 MW)

h @ 4.5 MPa - 2558.2 kJ/kg
h 8 <a 49V - 205.1 kJ/kg
h
f <? 49 C 2353.1 kJ/kg 3

Therefore flow required • ^ S ^ V u / k g ^ - 1-67 kg/s.

Three inch pipe is more than adequate.
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Costs are given for 3" steam + 1.5" condensate in

tunnel with 51 mm calcium silicate insulation on

the steam line and 25 mm glass fibre on the con-

densate line (4" and 2" are only $3.^0/m more).

Use costs for 3" and subtract a 1.5" insulated

line. Would probably install 4" line for future

expansion because of the small cost difference.

366 m (3" and 1 1/2" x $114.80/m = $42 020

Less 336 m (1 1/2") x (20.50 + 5.45)$/m = -9 500

C.I.4 OTHER COSTS

$32 520 $32 520

$271 745

Contingency (30%) $81 525

Performance Bonds (50% of value) (0.35%)

Payment Bond (0.20%)

Permits (0.30%)

Post Contract Contingency (3%)

Design and Field Supervision (15%)

TOTAL

Rounded to

$353

$1

1

10

55

$421

$422

270

230

710

060

600

000

870

000



- 68 -

C.2 OPTION ONE, PHASE TWO (ADDITIONAL 5 ACRES)

Building, pumps, electrical, etc. exist so the following is

for additional costs.

C.2.1 CONTROL SYSTEM (Reprogram) $1 000

C.2.2 PIPELINE

Supply to, and return from, distribution point
10" - 884 m x $108.26/m $95 700

Supply from distribution point to greenhouse and
return, 8" - 183 m x $85.3Q/m $15 610

10" - 299 m x $108.26/m 32 370

Valves, 2 - 10" x $550 1 100

$145 780

C.2.3 OTHER COSTS

Contingency (30%) $43 740

Bonds and Permits (0.85%)

Post Contract Contingency (3%)

Design and Field Supervision (15%)

TOTAL

Rounded to

$189 520

1 610

5 690

$196 820

29 500

$226 320

$226 000
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C.3 OPTION TWO, PHASE ONE (INITIAL 10 ACRES)

Assumes: same pumps, pumphouse, electrical, controls, standby

power, steam line as for 5 + 5 acres.

C.3.1 PUMPHOUSE

Building

Powerline

Electrical

Pumps

Piping

Control System

C.3.2 PIPELINE

To and from distribution point,
12" - 884 m x $124.67/m

From distribution point to greenhouse,
$69 890 + $49 080

C.3.3 STANDBY HEAT SUPPLY

$11

6

17

25

$5

6

100

500

340

940

855

900

$73 635 $73 635

$110 210

118 970

$229 180 $229 180

Steam line 32 520

$335 335
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C.3.4 OTHER COSTS

Contingency (30%) 100 600

Bonds and Permits (0.85%)

Post Contract Contingency (3%)

Design and Field Supervision (15%)

TOTAL

Rounded to

$435

3

13

$425

67

$520

$521

935

700

080

715

905

620

000

C.4 OPTION ONE, PHASE THREE, OR
OPTION TWO, PHASE TWO (ADDITIONAL 15 ACRES)

The building exists, so costs are for additions to the system.

C.4.1 PUMPHOUSE

Electrical

Motor control center (56 kW) $1 400

Standby power 125 kW motor-generator 21 600

Transfer switch 3 240

Pumps

56 kW variable speed drive 22 460

Installation (25% of cost) 5 610
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1 - 14" check valve 2 005

2 - 14" check valves 2 415

1 - 14" TEE 430

4.6 m of 14" pipe 225

Labour to assemble (50% of materials cost) 2 500

Control System

Reprogram plus Booster Pump 1 500

$63 385 $63 385

C.4.2 PIPELINE

To and from distribution point,

14" - 884 m x $164.04/m 145 000

From distribution point to greenhouses:

6" - 680 m x $67.26/m

8" - 408 m x $85.30/m

10" - 503 m x $108.26/m

12" - 939 m x $124.67/m

Valves, 12" - 2 x $915

Booster pump, (11 kW 101 kg/s @ 9 m head)

Power Supply

Pressure control switch

$402 400 $402 400

C.4.3 STANDBY HEAT SUPPLY

. 1 5 x 1002 kJ/s , , , ,,
15 acres requires 2 3 5 3 a k J / k g = 6.4 kJ/s

of 4.5 MPa steam

45

34

54

117

1

3

740

800

460

070

830

000

300

200
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A 4" line is adequate so would install a second

4" steam line. Use the cost of a 4" supply and

2" return less that of a 2" insulated line.

366 m x $118.10/m

less 366 m (24.60 + 5.75)$/m

$43

-11

$32

220

110

110 $32

$497

110

895

C.4.4 OTHER COSTS

Contingency (30%) 149 370

Bonds and Permits (0.85%)

Post Contract Contingency (3%)

Design and Field Supervision (15%)

$647

5

19

$672

100

$773

$773

265

500

420

185

825

010

000

TOTAL

Rounded to

C.5 OPTION 3 (25 ACRES)

C.5.1 PUMPHOUSE

Building

Same as in 5+5+15 option $11 100

Powerline to Pumphouse 6 500

$17 600 $17 600
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Electrical

Overhead service

Distribution switchboard

Motor control center, $1400/56 kW x 2

Lighting

Standby power 125 kW motor-generator

Transfer switch

1

2

20

3

325

275

800

200

000

000

$27 600 $27 600

56 MJ direct drive

56 kW variable speed drive

Installation, 25% of cost of pumps

8

22

7

970

460

560

$38 990 $38 990

2 - 14" check valves 2 x $2 005

2 - 14" valves 2 x $1 207

2 - 14" elbows 2 x $342

1 - 14" x 14" x 18" TEE

9 m of 14" pipe 9 x $48.80/m

Labour to assemble (25%)

4
2

2

010

415

685

825

440

095

$10 470 $10 470

Control System

Flowmeters, 2 x $930

Pressure transducers, 2 x $200

Control circuits and pump actuators

$1

5

$7

860

400

000

260 $7 260

$101 920
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C.5 2 PIPELINE

Supply to and return from distribution point,
18" - 884 m x $223.10/m $197 220

Supply from distribution point =
$69 890 + 49 080 + 257 400 376 370

$573 590 $57J 590

C.5.3 STANDBY HEAT SUPPLY (6" steam line)

6" supply 3" return 366 m x $164.04/m

3" line 366 m x (47.57 + 6.89)$/m

C.5.4 OTHER COSTS

Contingency (30%)

Bonds and Permits (0.85%)

Post Contract Contingency (3%)

Design and Field Supervision (15%)

$60

-19

$40

040

930

110 $40

$715

110

620

TOTAL

Rounded to

$214

$930

7

27

$966

144

$1 111

$1 111

690

310

910

910

130

920

050

000
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C.6 COST COMPARISONS

C.6.1 COMPARISON OF CAPITAL COSTS ($) OF THE HEAT SUPPLY SYSTEM FOR
25 ACRES OF GREENHOUSE UNDER THE THREE OPTIONS

OPTION

Area in Service 5 + 5 + 1 5 1 0 + 1 5 25

5 Acres

10 Acres

25 Acres

Cost of least
expensive option

Cost difference

$

1

1

422

648

421

111

310

000

000

000

000

000

1

1

—

521

294

111

-

000

000

000

000

$

1

1

—

Ill 000

111 000

0
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C.6.2 POTENTIAL COST SAVINGS BY INSTALLING A PIPELINE FROM THE
PUMPHOUSE TO THE DISTRIBUTION POINT, WHICH IS INITIALLY
OVERSIZE BUT WILL ULTIMATELY SUPPLY 25 ACRES

NOTE: Contingencies and design and field supervision have been added as

a compounded percentage factor of 1.30(1 + 0.0085 + 0.03)1.15 = 1.55.

Installation
Steps

Case 1

(Reference)

Initial

Add

Add

Pipe Size
(inches)

10

10

14

Capacity
(Acres)

5

5

15

Capital
Cost($)

$148 000

148 000

236 000 (incl. pumphouse
additions)

TOTALS 25 $532 000

Case 2 Initial

Add

10

16

TOTALS

5

20

25

148 000

270 000 (incl. pumphouse
additions)

$418 000

Case 3 Initial

Add

12

14

TOTALS

10

15

25

171 000

236 000 (incl. pumphouse
additions)

$407 000

Case 4 Initial 18 25 $313 000 (incl. extra
initial cost
in pumphouse)

COMMENTS

Case 3 is attractive because the initial extra capital required is only
$170 000 - $148 000 • $22 000 and the system is then good (up to distri-
bution point) for 10 acres without additional expenditure. Potential
saving is $532 000 - $407 000 = $125 000.

Case 2 is desirable only if an extra $22 000 initial capital is not
available for Case 3.
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APPENDIX D

COST ESTIMATE OF THE FOSSIL-FIRED SYSTEM

The 1977 yardsticks for costing were used and a heat load of

1.002 MU/acre was assumed.

D.I OPTION 1, PHASE 1 (INITIAL 5 ACRES)

Heat required = 5 x 1.002 MW = 5.01 MW

Assume 2 units each rated at 60% for backup.

Therefore, each boiler = 0.6 x 5.01 MW = 3.01 MW

The largest size quoted = 125(970.3)(34.5)(0.293) =
1.226 x 10 6 W = 1.226 MW

Cost of 1.226 MW boilers = $17 000 (oil-fired
hot water - steam not given).

Therefore the cost of 3.01 MW using (C) rule =
$17 000(2.46)0-6 = $29 200

Gas-fired hot water boiler = $13 300 for 713 MW

Gas-fired steam boiler = $13 400 for 637 MW
71T 0.6

For the same size, the cost = $13 400 ̂ ~ = $14 340
14 340

Therefore scale factor for water to steam = ,. _••„ = 1.078
13 300

Cost of 3.01 MW steam = $29 200 x 1.078 = $31 500

For 2 units, the cost = $31 500 x 2 = $63 000

D.I.I OIL STORAGE

Assume 10 days supply at peak load

Use heating value of fuel = 41 760 kJ/L

Therefore storage = 5(1002)(3600)(24)(10) „ ^ 6 0 Q
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Largest storage tank quoted = 45 560 L for $8 200

Therefore cost = $8 200 Aff-ffj) ' = $13 440

Determine pipe requirements for steam supply to

greenhouses.

Assume supply at 345 kPa, return water at 138 kPa

2274 kJ/kg

st.- no. » M . 'g°f»,%- - 2.2 H»
Assuming the allowable pressure drop is 13.6 kPa/100 m,

this would require a 10" supply line. This would be

higher quality than the hot water pipeline and would

require insulation so the estimated cost of the hot

water pipeline from the distribution point was multi-

plied by 1.3 to estimate the cost of the steam line.

D.I.3 PIPELINE COST ($69 890 x 1.30) $90 860

$167 300

D.I.3 OTHER COSTS

Contingency (10%) 16 730

Bonds and Permits (0.85%)

Design and Field Supervision (15%)

TOTAL

Rounded to

$184

1

$185

27

$213

$213

030

560

590

840

430

000
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D.2 OPTION 1, PHASE 2 (ADDITIONAL 5 ACRES)

Assume the same location but a single unit (other 2 units

provide backup).

D.2.1 BOILERS

Size = 5.01 MW

Size Factor = ,5'®} = 4.09

Cost = $17 000 (4.09)0'6 = $39 580

Gas vs. oil factor = 1.078

Therefore the boiler cost = 1.078($39 580) $42 670

D.2.2 OIL STORAGE

Cost (same as before)

D.2.3 PIPELINE ($49 080 x 1.30)

D.2.4 OTHER COSTS

Contingency (10%)

Bonds and Permits (0.85%

Design and Field Supervision

13

63

$119

440

800

910

TOTAL

Rounded to

11

$131

1

$132

19

$152

$153

990

900

020

920

940

860

000
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D.3 OPTION 2, PHASE 1 (INITIAL 10 ACRES)

D.3.1 BOILERS

Assume two 60% capacity boilers

Size = 0.6(2 x 5.01 MW) = 6.01 MW
).6

Cost each = $17 OOOjr1^-1 = $44 120

Cost of 2 boilers = $88 240

Gas vs. oil factor «• 1.078

Therefore boiler cost = 1.078 ($88 240) $95 120

D.3.2 OIL STORAGE

Capacity = 2(103 600) = 207 200 L

D.3.3 PIPELINE ($118 970 x 1.30)

D.3.4 OTHER COSTS

20 370

154 660

$270 150

Contingency (10%)

Bonds and Permits (0.85%)

Design and Field Supervision (15%)

TOTAL

Rounded to

27

$297

2

$299

44

$344

$345

020

170

530

700

960

660

000
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D.4 OPTION 1, PHASE 3 OR OPTION 2, PHASE 2 (ADDITION OF 15 ACRES)

D.4.1 BOILERS

Assume a single boiler

Size factor = 3(5.01) = 15.03

Cost = $17 000 ( T ^ I ' = $76 480
/l5.03\°-(

I1.226/

Gas vs. oil factor = 1.078

Therefore, the boiler cost = 1.078($76 480) $82 450

D.4.2 OIL STORAGE

Capacity required = 3(103 600 L) = 310 800 L

Cost = $8 200 (•37T4££) 25 990

D.4.3 PIPELINE ($257 400 x 1.30) 334 620

$443 060

D.4.4 OTHER COSTS

Contingency (10%)

Bonds and Permits (0.85%)

Design and Field Supervision (15%)

TOTAL

Rounded to

44

$487

4

$491

73

$565

$565

310

370

140

510

730

240

000
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D.5 OPTION 3 (25 ACRES)

D.5.1 BOILERS

Assume two 60% capacity boilers

Size = 0.6(5 x 5.01) = 15.03 MW

Therefore, the cost (from 15 acre addition) - 2(82 450) $164 900

D.5.2 OIL STORAGE

Cost = $8 200 5 " , " " 1 35 300

D.5.3 PIPELINE ($376 370 x 1.30) 489 280

$689 480

D.5.4 OTHER COSTS

Contingency (10%)

Bonds and Permits (0.85%)

Design and Field Supervision (15%)

TOTAL

Rounded to

68

$758

6

$764

114

$879

$880

430

450

880

730

610

000
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APPENDIX E

COST ESTIMATES OF THE DEMONSTRATION GREENHOUSE

E.I COST ESTIMATE OF DEMONSTRATION GREENHOUSE
IN POTENTIALLY PERMANENT LOCATION

E.I.I REQUIREMENTS

The cost estimates were based on the following:

1. the greenhouse to be at the nearest potentially permanent

location,

2. the greenhouse to be half the reference size (i.e. 36.6 m x

61.0 m) but all other details to be identical except for

additional instrumentation,

3. the pipeline to be expandable to at least 5 acres,

4. the pumphouse and contents are permanent. This assumption is

based on the logic that if $360 000 is to be spent on a perma-

nent pipeline and greenhouse, the approximately $45 000 addi-

tional required for a permanent pumphouse, a second (fixed

speed) pump and the gas motor-generator set required to ensure

successful operation, is also justified.

MOTE: Refer to Appendix C for details of the following costs.
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E.I.2 PUMPHOUSE

Building $11 100

Powerline to pumphouse 6 5Q0

Electrical $2 550

Motor control center for second pump 750

Gas motor-generator set 11 880

Transfer switch 2 160

$17 340 $17 340

Pumps

22 kW variable speed 15 770

22 kW direct drive 4 970

Installation 5 200

$25 940 $25 940

Piping 5 855

Control System 6 900

$73 635

E.I.3 PIPELINE

Pipeline to and from distribution point $110 210

for 10 acres based on comment in Appendix C, case 3

Pipeline from distribution point to greenhouse 13 710

(12" line, 110 m x $124.67/m)

Two valves 1 830

$125 750 $125 750
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E.I.4 GREENHOUSE

Structure

Assumed $64.59/m complete, including heating $144 200

units and cooling fans

Instrumentation

(temperature recorders, etc.) 5 000

$149 200 $149 200

$348 585

E.I.5 OTHER COSTS

Contingency (30%) 104 575

Bonds and Permits (0.85%) 3 850

Post Contract Contingency (3%) 13 600

Design and Field Supervision (15%)

TOTAL

Rounded to

COMMENT: A temporary pumphouse, a 10" distribution line (5 acres capacity)

a small line to the greenhouse, and elimination of the back-up

pump and motor-generator set would reduce the total to approxi-

mately $445 000.

$470

70

$541

$541

610

590

200

000
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E.2 COST ESTIMATE OF DEMONSTRATION GREENHOUSE IN TEMPORARY LOCATION

E.2.1 REQUIREMENTS

1. The greenhouse is to be half the reference size (i.e. 36.6 m x

61.0 m) but all other details are to be identical except for

additional instrumentation.

2. The capital cost is to be minimized.

E.2.2 PUMPHOUSE

Building

Garden shed type $500

Powerline

Assume available from GBHWP without additional 500
poles, etc.

Electrical

Lights in shed, motor connection, etc. 500

Assume connected to GBHWP standby power

Pumps

1.5 kW (assume 2 for backup) 1 200

Piping

Controls: (assume manual on-off)

$2 800 $2 800
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E.2.3 PIPELINE

Assume the greenhouse is located directly

across and adjacent to the Glace Bay

Highway. Assume that 6" coal mine

degassing pipe is available from DEVCO

Glace Bay stores at $11.48/m including

fittings.

Degassing pipe 610 m x $11.48/m $7 000

Valves 100

$7 100 $7 100

E.2.4 GREENHOUSE (see E.I.4) 149 200

$159 100

E.2.5 OTHER COSTS

Contingency (3U%) $47 730

Bonds and Permits (0.85%) 1 760

Post Contract Contingency (3%) 6 200

$214 790

Design and Field Supervision (15%) 32 210

TOTAL $247 000
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APPENDIX F

RELIABILITY OF STEAM SUPPLY

F.I BACKGROUND

Three boilers at Seaboard Generating Station are connected to

GBHWP through a pipeline. Any two boilers can supply the steam required

for the operation of the GBHWP but failure of two or more boilers or

failure of the steam line forces the shutdown of the heavy water plant.

However, GBHWP has a small boiler plant which can supply the emergency

steam required for trace heating, etc. during plant shutdowns.

Statistical data on the availability of steam to GBHWP are not

available. However, the Port Hawksbury Heavy Water Plant (PHHWP) has a

similar steam supply arrangement and the long-term steam availability

there has been 92.5%. This figure includes relatively infrequent outages

of long duration caused by boiler and steam supply line failures.

Availability of steam to a greenhouse would be different, since one

boiler is sufficient to supply the 25 MW required by a 25-acre green-

house complex. The parameter of interest is the probability that steam

will be unavailable for long enough that the crops freeze. This cannot

be calculated from the data available since lengths, time of occurrence

and frequencies of failures are not known. We have, therefore, consid-

ered the consequences of failure and the costs of a back-up system.
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F.2 CONSEQUENCES OF FAILURE OF STEAM SUPPLY

If two of the steam supply boilers fail, the heavy water plant

is shut down but the greenhouse complex can continue to operate normally

with steam from the third boiler brought in through the main steam

supply line and the back-up steam line. If all the three steam supply

boilers and/or the steam supply line should fail, the consequences to

the greenhouse operation depend on when the failure occurs and how long

it lasts. With the hot water inventory in the effluent pond and pipe-

line, and with the continuous flow of hot water into the effluent pond

from the GBHWP emergency heat supply system, the greenhouse complex can

be maintained at design temperature under the design peak heat load

conditions (winter nights) for a few hours. The 25-acre complex can be

maintained for one night at survival temperature under the above condi-

tions. When the heat demand is lower than the design value, the green-

house plants can survive much longer periods with outages of three

boilers and/or the steam supply line. This is also the case if the

acreage in the greenhouse complex is less than the design value of 25

acres.

If the probabilities of long steam outages are too high, the

following actions can be taken:

1. Enlarge the effluent pond at the warm end to store enough warm

water for supplemental heating.

2. Provide a light oil (No. 2) furnace to heat water in an

emergency.

The former will provide backup for a short period (a few days)

at a low initial and at no extra operating cost, whereas the latter will
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provide backup for indefinite periods with higher initial and operating

costs. To determine the maximum cost of a supplemental heating system,

if required, the light oil furnace system is examined.

F.3 LIGHT OIL WATER HEATER

The following assumptions were made to allow calculation of

the cost of providing a supplemental light oil water heater.

1. A light oil system was chosen because it is easily available

and can be made to operate automatically with minor modifica-

tions. No labour is required.

2. The heat capacity of the water heater is 60% of peak demand

from the greenhouses.

3. It was conservatively assumed that the initial cost of this

system is the same as that of a Bunker C steam plant for the

same capacity (see Appendix D).

4. No extra piping is required because the heaters will be

located in the pump house.

5. Annual raaintanance cost is 5% of the initial capital.

6. The cost of No. 2 furnace oil is $2.86/GJ*11' (effective

July 1977).

7. Furnace efficiency is 75%.

8. To reduce the initial capital expenditure and overall operating

cost, the backup steam line was removed for the initial 10

acres in Options 1 and 2. For the final 15 acres both the
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back-up steam line and the oil heater were included. In Option

3, the back-up steam line was not added until the greenhouse

size reached 15 acres.

9. In cases where there is no back-up steam line, the total require-

ment of the auxiliary heat is supplied by the oil heater.

When the back-up steam line is available, 2/3 of the auxiliary

heat is supplied by the steam line and the remainder by the oil

heater.

10. Only the differential costs are calculated so that the cost

penalty of providing an independent back-up system can be

readily evaluated. For example, in the initial 5 acres of

Option 1, the cost of the back-up steam line is subtracted from

the cost of oil heaters to arrive at the net initial capital.

Similarly, the cost of auxiliary steam is subtracted from the

cost of oil which supplies all the auxiliary heat required.

F.4 RESULTS AND DISCUSSION

The results (Table F.I and F.2) show that unit energy cost

from the GBHWP effluent system increases up to 12% when a light oil

furnace is included as a back-up system. Even wi'th this additional cost,

heat from the effluent system costs only about 45% that from the Bunker

C system (Figure F.I).

The cost penalty calculated here represents the upper limit

for providing a backup to the steam supply. Low-cost alternatives such

as a hot water storage pond should be investigated.



TABLE F.I

COST OF THE BACKUP OIL HEATING SYSTEM ($)

Option

OPTION 1

Initial 5 acres

Next 5 acres

Next 15 acres

Total 25 acres

OPTION 2

Initial 10 acres

Next 15 acres

Total 25 acres

OPTION 3

25 acres

Capital Cost

Initial Annual*

- 9 000 - 1 500

42 000 6 800

82 000 13 400

115 000 18 700

13 000 2 100

82 000 13 400

95 000 15 500

98 000 16 000

Annual Operating Cost

Power

30

120

210

360

150

210

360

360

Fuel

1 300

4 900

8 200

14 400

6 200

8 200

14 400

14 400

Maintenance

2 100

2 100

4 100

8 300

3 200

4 100

7 300

5 500

Total

3 430

7 120

12 510

23 060

9 550

12 510

22 060

20 260

Total
Annual Cost

1 930

13 920

25 910

41 760

11 650

25 910

37 560

36 260

Unit Energy
Cost $/GJ

0.04

0.15

0.16

0.16

0.11

0.14

0.14

0.14

I
vu

@ 10% interest and 10 years write off.



TABLE F.2

TOTAL UNIT ENERGY COST COMPARISON OF GBHWP EFFLUENT HEAT SYSTEM AND BUNKER C SYSTEM

Option

OPTION 1

Initial 5 acres

Next 5 acres

Next 15 acres

Total 25 acres

IOPTION 2

|Initial 10 acres

(Next 15 acres

(Total 25 acrea

OPTION 3

25 acres

Cost of Effluent Heat
with Steam Backup

$/GJ

1.76

1.40

1.35

1.35

1.19

1.27

1.27

1.14

Additional Cost of Providing
Oil Heat Backup

$/GJ

0.04

0.15

0.16

0.16

0.11

0.14

0.14

0.14

Total Cost of Effluent
Heat with Full Backup

$/GJ

1.80

1.55

1.51

1.51

1.30

1.41

1.41

1.28

Cost of Heat from
Bunker C System

$/CJ

4.05

3.54

3.31

3.31

3.50

3.29

3.29

3.27
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FIGURE FI: COST COMPARISON WITH FULL BACKUP
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