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USE OF SOLAR ENERGY AT THE QUEEN ELIZABETH HOSPITAL 
IN BRIDGETOWN, BARBADOSI, 2 

John P. Hornak,3 Kurt D. Knight,3 and John E. Donahue4 

A stu& was conducted in February-March 1981 to find out whether solar 
eneqy could ef$ectiveb serve the &en Elizabeth Hospital in Bridgetown, 
Barbados. The study indicated that a solar energy system designed to heat 
domestic hot water would be cost-gective, and it was recommmdzd that the 
hospital proceed with plans to install a limited solar energy @em of this kind. 

Introduction 

The Queen Elizabeth Hospital in Bridge- 
town, Barbados, is located near downtown 
Bridgetown. It is one of the most prominent, 
if not the most prominent, health care facility 
of the West Indies, and so any solar energy in- 
stallation there would draw considerable at- 
tention from the medical community at large. 

The hospital’s physical plant has three main 
sections known as the north block, the center 
block, and the south block, all interconnected 
as shown in Figure 1. 

Solar Collector Systems 

The purpose of the 1981 study on which this 
article is based was to assess the feasibility of 
using solar energy at the hospital to meet a 
portion of the facility’s energy needs. The 
study dealt with existing hospital systems, 
relevant design data, locally available solar 
energy products, and various economic con- 
siderations. 

The Hospital Buildings 

The amount of solar energy that can be col- 
lected at any site is dependent upon a number 
of variables such as the construction of the 
solar collector panels, the tilt and orientation 
of those panels, the operating temperatures of 
the system, the potential sunlight available, 
ambient temperatures, wind velocities, and 
sky cover. The amount of collectible solar 
energy that can ultimately be used in the 
building is further influenced by the size and 
frequency of the hot water demand and the 
capacity of the storage system installed to re- 

tain the excess collected energy for periods 
when solar energy collection is not possible. 

An understanding of the anticipated energy 
The Queen Elizabeth Hospital is a rectan- 

gular five-story structure completed in 1964 _, 
with a capacity of 620 beds. It provides a full - demand is also of great importance in en- 
range of health care, including laboratory suring that the solar energy system will be op- 
facilities and a well-equipped surgical service. timally designed. In general, the most desir- 
It also has a full-service laundry. able types of heating demands for solar appli- 

‘Also appearing in the Bole& de la Of;cina Sanitaria the design and economics of this system should request a 
PaWIXiCa?VZ copy of that document from the Unit on Hospital Main- 

2This article is based on portions of a document by the tenance, Division of Comprehensive Health Services, 
authors entitled “Final Report on the Advisory Services Pan American Health Organization, 525 Twenty-third 
Provided to Study Solar Energy Feasibility in the Queen Street, N.W., Washington, D.C. 20037, U.S.A. 
Elizabeth Hospik in Bridgetown for &e Minis& of 3Consultant, Pan American Health Organization. 
Health and National Insurance of Barbados. 25 Febru- *PAHO Regional Adviser on Health Facilities Main- 
ary-5 March 1981.” Those wishing further details about tenance and Eigineering. 
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Figure 1. Plot plan of the Queen Elizabeth Hospital showing the north, south, and center blocks 
and the location of the proposed solar energy collectors. 
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cations are those that remain relatively con- 
stant throughout the year and peak during 
daytime hours when maximum solar energy 
collection is possible. This means that the 
more desirable types of demands are those for 
domestic hot water service, kitchen hot water 
service, and laundry applications. These 
demands are generally constant throughout 
the year and usually occur during the daylight 
hours, when solar energy is available. 

Solar applications for space-heating are 
much more difficult to justify economically 
than those for domestic hot water. Most heat- 
ing demands are seasonal, and they peak dur- 
ing the night. This means that large storage 
systems and specially designed space-heating 
systems are required. Furthermore, in our 
particular case the potential gains are further 
reduced by the fact that the space-heating re- 
quirements of the Queen Elizabeth Hospital 
are small. 

Space-cooling systems are the most difficult 
systems to justify economically and are rarely 
cost-effective. This is particularly true for 

island-type climates where free cooling with 
cross-ventilation is available throughout much 
of the year. Overall, it seems clear that the 
potential savings obtained by meeting the 
small demand involved would not amortize 
the cost of a solar cooling installation at the 
Barbados site. 

For these reasons, our solar study focused 
on solar energy systems designed to heat 
domestic hot water. These systems are gener- 
ally cost-effective, offer relatively mainte- 
nance-free operation, and have a low initial 
cost. 

The Existing Heating System and Climate 

The Heating System 

The hospital is served by three package-type 
dual-fuel steam boilers with a combined ca- 
pacity of 10,500 pounds per hour at a pressure 
of 100 pounds per square inch absolute. The 
boilers burn either oil or gas and provide 
steam for all the hospital’s domestic hot water, 
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sterilizing, and heating needs. The north and 
south blocks each have one domestic water 
heater and the center block has two; all these 
water heaters are located in the mechanical 
rooms of their respective blocks. 

Each heater utilizes a steam-tube bundle in- 
serted into a 600-gallon storage tank to heat 
water to approximately 140’F. The resulting 
hot water is continually circulated throughout 
the building by a hot-water return line and a 
hot-water recirculating pump with a capacity 
of 30 gallons per minute. The pipes used to 
transport this heated water are heavy-duty 
galvanized pipes with flange or screw-type 
joints. 

The Climate 

A quick examination of available informa- 
tion indicates that Barbados’ climate and 
weather are well-suited to utilization of solar 
energy. The average yearly ambient tempera- 
ture is 80°F, with temperature extremes rang- 
ing from a low of 61 “F to a high of 92OF. Ob- 
viously, no protection against freezing is 
necessary, a fact which simplifies design re- 
quirements, lowers cost, and permits higher 
collection efficiencies. Also, the sun is out ap- 
proximately 70 per cent of the time it is above 
the horizon, and much of the time when there 
is cloud cover a good deal of solar energy can 
still be collected. 

It is also true, however, that because of the 
hurricane danger, estimates of the maximum 
wind loads to be borne by the solar collectors 
should be based on hurricane velocities. Col- 
lectors mounted at an angle to the roof surface 
on open racks can be lifted by wind striking 
their undersides. This wind load is in addition 
to the equivalent roof-area wind loads, and it 
should be determined according to accepted 
engineering procedures. While such wind load 
may not lift and carry off the structure, it may 
promote vibration that can lead to leaks 
through pitch boxes and other roof mounting 
points. Also, negative pressures induced by 
wind can, and often do, exceed pressure load- 

ings; and cover-plate retainers must be ade- 
quately designed to prevent the glazings from 
separating from the collector frame. 

The Solar Collectors 

Collectors can be located wherever there is 
adequate space, although a location near the 
energy demand to which they will be applied 
will minimize piping losses and costs. The 
major factors affecting site selection include 
visibility, vandalism, shading, and the integri- 
ty of the mounting structure. 

Regarding visibility, it is sometimes desir- 
able to hide the collectors so as to minimize 
their impact on architectural appearance. 
However, on other occasions it may be equal- 
ly or more important to have the collectors 
visible, so that their presence will advertise the 
system and help to demonstrate the savings 
being achieved by use of solar energy. 

Vandalism is another problem at some loca- 
tions, especially when the collectors are highly 
visible and are mounted on the ground or a 
low roof. In some instances it becomes a chal- 
lenge to vandals to see if a collector’s glass can 
be broken. By and large, however, our experi- 
ence suggests that vandalism should not be of 
major concern in most areas. 

Shading is of critical importance. The col- 
lectors must be located so that adjacent build- 
ings or trees do not shade them at any time 
during the year. In addition, adequate space 
must be provided between the collectors’ rows 
so that shading of one row by another is pre- 
vented. 

The designer must also check the structural 
capabilities of the existing or new roof struc- 
ture to insure that the added weight of the col- 
lectors does not cause overloading of either the 
structural members or the concrete roof slab. 
In addition, the collectors’ support structure 
must be combined with the roof structure to 
provide a coordinated structural support 
system. 

Because of the need to take maximum ad- 
vantage of the sun, the collectors (ideally 
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mounted on a flat roof surface) should have 
supports appropriate for providing an opti- 
mum tilt angle. The roof and supports must 
accommodate the dead weight of the collectors 
filled with fluid and their connecting piping 
under ordinary conditions and, of utmost im- 
portance, under maximum wind loads. The 
supports can be fabricated from metal angles, 
tubes, box struts, or treated wood. Particular 
care must be taken to properly flash all open- 
ings that penetrate the roof. The solar collec- 
tors can be an integral part of building wall or 
roof structures. All structural design should be 
based on generally accepted engineering prac- 
tices. 

The Water Storage and Circulation System 

The Proposed System 

The solar energy field is evolving rapidly, 
and so it would seem inappropriate to attempt 
a large undertaking for the first government 
solar-power project in Barbados. A more rea- 
sonable approach would be to serve one of the 
major blocks of the hospital at this time and 
then expand the system later. This would 
allow all the personnel involved, including 
hospital engineering and maintenance person- 
nel, contractors, and consultants to gain ex- 
perience before proceeding with a larger 
project. Such an approach, in all likelihood, 
would produce a much more effective and suc- 
cessful system. 

since ambient temperatures rarely drop below 
70°F. The cooling requirements are minimal 
and are largely accomplished by natural venti- 
lation. Therefore, the only energy demand 
which is reasonable to serve is the demand for 
domestic hot water. The demand for this is 
constant throughout the year and requires 
relatively low-temperature hot water (120’F). 

Basic Specifications 

v  I , hospital were used for these calculations. 

Another major consideration is the system’s 
cost. A system designed to serve one-third of 
the hospital would be less costly and more like- 
ly to be funded. After this system is successful- 
ly operating, it would then provide an incen- 
tive for making further investments in solar 
energy. 

The system proposed for the Queen Eliza- 
beth Hospital is a domestic hot water system 
requiring no protection against freezing. The 
solar collector loop would feed directly to the 
storage tank (see Figure 2), and the building’s 
cold-water supply would be piped directly to 
the same storage tank. The hot water would 
then be taken from the top of the tank to the 
existing, steam-fired, auxiliary hot-water 
heaters. The auxiliary heaters would provide 
additional heat, if necessary, to boost the 
temperature to 140’F. If the water from the 
solar storage tank were already above 140°F, 
no additional heating would be needed. A 
three-way mixing valve would be provided in 
the hot-water line leaving the existing aux- 
iliary heaters; and this would mix cold make- 
up water with the heated water leaving the 
auxiliary heaters, maintaining the building 
hot-water system at no more than 140’F. Ex- 
perience has shown that this arrangement of 
equipment provides the most efficient and 
economical solar hot-water system when pro- 
tection against freezing is not required. 

For these various reasons, our study limited 
itself to providing solar energy for the hospi- 
tal’s south block. The south block was selected 
because of its unobstructed roof, the availabil- 
ity of space in its mechanical room, and the 
ease of running piping between the roof and 
the mechanical room. 

The optimum size and type of the solar col- 
lector array, angle of tilt of the collectors, and 
size of the storage tank, as indicated in Table 
1, were calculated on the basis of economic 
considerations. Computer inputs and other 
information obtained from personnel at the 

The hospital has no heating: reauirements. 



The site of the proposed solar 
power project. Above, a 
general view of the 
Queen Elizabeth Hospital. 
At left, the hospital’s south bloc: 
Below, the roof of the 
south block. 



182 PAHO BULLETIN l vol. 17, no. 2, 1983 

Figure 2. A typical solar energy system for providing domestic hot water 
when protection against freezing is not required. 
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Recommendations 

As the figures in Table 1 show, our calcula- 
tions indicated that using solar energy to heat 
domestic hot water would be cost-effective. 
We have therefore recommended that the 
Queen Elizabeth Hospital proceed with design 
drawings to implement a solar energy system 
that would provide approximately 95 per cent 
of the domestic hot water for the south block of 
the hospital. 

The recommended system’s design should 
be based on the following parameters: 

1) The collector array should consist of 1,800 net 
square feet of flat-plate solar collectors. The collec- 
tors should have a single cover and a “flat black” 

absorber surface. The overall array should consist 
of modular, factory-assembled collectors measuring 
approximately 3 feet by 7 feet that are mounted in 
10 rows of 20 collectors each, with 10 feet being left 
between each row. The approximate weight of each 
collector would be 140 pounds, plus the weight of 
the mounting system. No collector should be con- 
sidered for this project unless it has been tested in 
accordance with ASHRAE Test 93-77. 

2) Each collector should have a copper absorber 
plate with a “flat black” painted absorber surface. 
The housing should be constructed of either alumi- 
num or galvanized steel with noncorrosive fas- 
teners. 

3) Several possible collector array sites were in- 
vestigated, and it was found that the only logical 

5The American Society of Heating, Refrigerating, and 
Air Conditioning Engineers. 
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Table 1. Optimum characteristics and potential cost-efficiency of the 
proposed solar energy system, assuming au average net fuel 

p&e increase of 1.5 per cent per year. 

TVP~ of collector surface 

Flat black 
absorber surface 

Selective coated 
absorber surface 

Optimum collector array size 
Optimum tilt angle 
Optimum storage-tank size 
Estimated total system cost 
Present worth of total life-cycle costs 

(The lower the value the better the 
of return on the investment) 

Total gallons of oil saved per year 
Total cost of oil saved: 

Year 1 
Year 25 

Total fuel savings after 25 years 
Rate of return on solar investment 

1,800 sq. ft. 
159 

2,250 gal. 
US@ 13,000 

rate 
US$146,981 

5,425 gal. 
US$150,670 

5,417 gal. 

US$ 10,850 US$ 10,834 
US$350,245 US$349,754 

USf2,529,341 US$2,525,792 
22.4% 22.1% 

1,700 sq. ft. 
150 

2,125 gal. 
us$115,500 

choice was a roof location. A ground-level location 
would not be suitable for this project. Primarily 
because the proposed solar energy system is to ser- 
vice only the south block, the most logical location 
is the roof of the south block. 

4) The collector array should be mounted on the 
roof of the south block and tilted at a loo angle. 
The mounting structure should be galvanized steel, 
sized to sustain hurricane-force winds. 

5) The existing roof structure of the south block 
will have to be analyzed by a structural engineer to 
determine the proper mounting system and any ad- 
ditional structural work that may or may not be 
necessary. 

6) The storage tank should be made of steel and 
should be approximately 6.5 feet in diameter by 9 
feet high, with a capacity of 2,300 gallons. The tank 
should be insulated on the outside with approxi- 
mately 3.5 inches of fiberglass or its equivalent, and 
should be coated on the inside with a protective 
coating suitable for potable domestic hot water use. 

7) The storage tank should be located in the 
south block mechanical equipment room on the 
basement level, and the piping to and from it and 
the collectors should run exposed down the west 
side of the building, between the roof and the 
mechanical room. 

8) To verify the above design recommendations, 
a hot-water consumption meter should be installed 
to accurately record the south block’s actual daily 
hot-water usage and time of usage. Past experience 
has shown that water usage rates dramatically affect 
the optimum collector array size. 

Concluding Remarks 

To give some idea of how varying economic 
and building parameters affect the proposed 

solar energy system’s feasibility, Figure 3 
compares the average daily hot-water con- 

Figure 3. Relationship between domestic hot- 
water demand and optimum collector array size, 
assuming an average overall fuel price increase 

of 15 per cent per year. 

0 1,000 2,000 3,000 4,000 5,000 

DOMESTIC HOT-WATER DEMAND (IN GALLONS PER DAY) 



184 PAHO BULLETIN . vol. 17, no. 2, 1983 

sumption in gallons per day to the optimum 

collector array size. As may be seen, this con- 

sumption figure plays a key role in determin- 

ing ideal collector array size. In a similar vein, 

Figure 4 compares fuel cost increases (i.e., the 

ratio of the percentage annual fuel rate in- 

crease divided by the percentage discount 

rate) to the optimum collector size. The op- 

timum collector size was ultimately selected by 

finding the array size with the lowest total life- 

cycle cost. 

As Table 1 and the calculations in Appen- 

dix C of our original report (see footnote 2 on 

page 140) clearly show, if we assume that exist- 

ing fuel prices will increase by approximately 

15 per cent per year, the recommended solar 

energy system would appear to be an extreme- 

ly good investment. That is because there are 

very few areas where one could invest money 

and earn a yearly 22 per cent return, while at 

the same time conserving oil, creating local 

construction jobs, and promoting a local solar 

industry. 

Figure 4. Relationship between fuel price 
increases and optimum collector array size, 

assuming an average domestic hot-water 
demand of approximately 3,700 gallons 

per day. 
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SUMMARY 

A PAHO study was conducted in February- 
March 1981 to assess the feasibility of using solar 
energy to meet some of the energy needs of the 
Queen Elizabeth Hospital in Bridgetown, Bar- 
bados. The hospital, a well-equipped five-story 
structure with three principal wings that was com- 
pleted in 1964, has a capacity of 620 beds. 

Because solar installations designed to meet 
space-heating needs are harder to justify than those 
designed to heat domestic hot water, and because 
the Queen Elizabeth Hospital’s space-heating 
needs are small, the study concentrated on a solar 
energy system that would heat domestic hot water. 
The system was also envisaged as serving only one 
wing of the hospital, known as the “south block,” 

in order to limit the project’s size and initial cost. It 
was felt that once this small system was operating 
successfully, it would provide an incentive for 
making further investments in solar energy. 

The optimum size and type of the solar collector 
array, angle of tilt of the collectors, and size of the 
proposed hot-water storage tank were calculated. 
These calculations indicated that using solar energy 
to heat domestic hot water would be cost-effective. 
Therefore, a series of recommendations was made 
regarding specific characteristics of the system, and 
the hospital was advised to proceed with design 
drawings for a system that would provide approxi- 
mately 95 per cent of the south block’s domestic hot 
water needs. 
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GRADUATE PUBLIC HEALTH TRAINING 
OFFERED BY SAN DIEGO STATE UNIVERSITY 

Two types of training programs, one in maternal and child health and 
the other in pediatrics, are currently being offered by the Graduate School 
of Public Health at San Diego State University, San Diego, California. 
The pediatric program devotes itself exclusively to the subject of handi- 
capped children; it is designed for pediatricians and has a duration of 21 
months. 

The other training program, on maternal and child health, has a dura- 
tion of nine months. Open to physicians, nurses, social workers, psycholo- 
gists, therapists, nutritionists, and other health professionals, it has become 
one of the largest maternal and child health training programs in the 
United States. Considerable efforts are made by this program’s faculty 
members to assist students with career planning. 

Both of these programs award the degree of Master of Public Health. In- 
quiries concerning them should be made to Dr. Helen M. Wallace, Pro- 
fessor and Head, Division of Maternal and Child Health, Graduate School 
of Public Health, San Diego State University, San Diego, California 
92181, U.S.A. 


