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1. INTRODUCTION

l.1 General

Cyprus, situated in the Eastern Mediterranean, is a small developing
island. 1Its total area is less than 10,000 sq.km. and its population less

than a million.

In spite of the political turmoils that it vent through, and is yoing
through, Cyprus managed during the years after independence in 1960 to develop

and sustain an economny vhich, in the years 1980-1984, grew at the very rapid
rate of about 5 percent (at constant prices). .
Traditionally Cyprus relied entirely on imported o0il and oil products to
satisfy the increasing demand for energy resulting Erom the growing economy.
The two energy crises of 1973 and 1979 did not leave Cyprus unharmed. The
balance of payments problems were aggravated and the world economic recessions
that followed affected a small and vulnerable island economy. They provided,

however, an opportunity to realize the significant role that energy
conservation and renewable energy sources can play in meeting the increasing
costs of energy. 1In fact, they are the only options available for Cyprus in

this field.

A favorable natural and economic climate was conducive to developing a

locally based solar water heater industry in Cyprus, which began as early as
1960. since 1974 this industry has expanded further at a dramatic rate with

remarkable success, and with little dii:ct government intervention.

In this paper an attempt is made to describe the use of solar enerdgy in
Cyprus, first setting the overall energy scene and then examining in detail

the current status of utilization. The government's and other sectors'

activities (technical, financial and fiscal) are also critically examined, in
an attempt to assess the reasons behind each measure taken, the problem

encountered in their implementation and their successes as well as failures.
Finally, conclusions &re drawn.

1.2 The Energy Scene

The total annual energy consumption* in Cyprus**, with a population of
524,000, is 1.075 million tonnes of oil equivalent (Toe)***, yhich corresponds
to a per capita annual consumption of 2.05 Toe, a figure comparable to that in
the other Mediterranean countries (e.g., Spain 1.9 Toe and Greece 1.6 Toe) and
corresponding to a reasonably high standard of living.

*in 1984

*'gOVernment controlled area
**#*including unbilled energy to the area occupied by Turkish invasion forces.
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The energy needed to produce gross domestic product (GDP) is 1.17 Toe
for each £1000 (£1 = US $1.50); this figure is comparable to that for
Greece (1.15), but significantly higher than that for other EEC countries
(e.g., 0.73 for France). This can be explained by the relatively low
efficiency of generation of electricity and proportionately large energy
consumpticn by energy-intensive industries in Cyprus (e.g., cement and
bricks).

The contribution of domestic resources to meeting the energy needs in
the country is estimated to be 4.5 percent; solar energy (solar water
heaters), wood (for cooking, including making of charcoal and heating in
the mourcain regions), and very little wind energy account for the
domestic contribution. Thus about 95.5 percent of the total energy is
supplied by imports, consisting of o0il and o0il products.

The low population, almost exclusive reliance on oil for meeting
energy needs, the high cost of electricity ($0.105 per KWh), a reasonably
high level of technology, and the popular acceptance of solar enrergy and
wind energy (even without any incentives) make the renewable energy
options, particularly solar energy, extremely viable from the technical,

social, and econcmic points of view.

It is obvious that the importation 2f oil is an increasing burden on
the economy of the country. 1In 1984, imports of oil represented 20
percent of total exports of the country and 30 percent of the foreign
exchange earrings; the only encouraging aspect of the situation is that
the amount of energy needed to produce GDP £1000 (at constant prices) has
decreased from 1.25 Toe in 1975 to 1.17 Toe in 1982.

distorically, Cyprus has relied exclusively on the importation of oil
and oil products for its energy needs. Presently Cyprus imports annually
about a half million tons of oil products and a half million tons of crude
oil, (which is processed in the naticnal refinery). 1In 1982, a study on
possible diversification to coal was conducted and it indicated that the
switchover to coal for generation of electricity and for use in cement
factories* might be economically attractive. dowever, the environmental
aspects connected with the large-scale use of coal and the creation of
handling facilities for coal (including additional harbour facilities) are
serious problems. Since a clean environment is absolutely essential for
the survival and growth of the tourist industry and maintenance of
traditional values, the environmental aspects of a switchover to coal and
corresponding protection measures have to be studied thoroughly before a
decision in the matter can be made. A comprehensive study on a switchover
tc coal is in progress. The demand for energy in Cyprus is not large
encugh to consider the importation of natural gas and the construction of
a nuclear power plant. Thus oil is the only alternative in the near
future for the necessary imports of energy; even if a decision to shift to
coal were taken immediately, it would take five years to be effective to
any significant extent.

*a partial switchover to coal has been made.
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Table 1

Annual Consumption of 0il in Cyprus, by Sector

Annual Consumption

(percentage)
Sector Total
Electricity (Electricity Included)
Residential and Commercial 45.5 percent 3.0 percent
Industry 24.5 percent 34.5 percent
Transport - 25.5 percent
Agriculture/street lighting 7.0 percent 9.0 percent
Unbilled Consumption* 23.0 percent 8.0 percent

*represents the consumption made in the area under the Turkish invasion Porce,
the proceeds of which are presently unrecoverable.

It may be remarked that the generation of electricity accounts for 36
percent of the total energy requirements of the country and that the
efficiency of productior of electricity from oil, corresponding to 0.344
Toe/1003 KWh, is low compared to the international values typified by 0.22 to
Cs23 Toe/1000 Kvih.

The main features of the present situation are thus as follows:

1. Energy conservation in all sectors, particularly in the generation of
electricity and in energy intensive industries (like cement), will
pay rich dividends.

2. Coal is the only possible diversification of imported energy.

3. Renewable energy forms represent the only domestic resource; the

conditions for exploitation of renewable energy resources are ideal
in Cyprus.




2. HISTORY AND STATUS OF SOLAR WATER HEATING IN CYPRUS

2.1 Relevant Socioeconomic Data

In 1979, a survey on "Household Energy Use" was conducted by the
Statistics and Research Department of the Ministry of Finance. The main
findings of the survey are as follows:

1.

2.

The forms of energy used by households in Cyprus are electricity,
gas, oil, solar, wood and charcoal.

Por heating, LPG (liquified petroleum gas) is the most widely used
form of energy, followed by oil and electricity. Of the 1,000
households in the sample, 59.6 percent used gas for heating (45.50
Percent used gas only and 14.1 percent used a combination of gas with
electricity, oil, and wood), 28.8 percent oil (18.4 percent oil only
and 10.4 percent a combination of 0il with other forms of energy) -
and 9.5 percent wood (4.8 percent wood only). Wood is mainly used in
the mountain areas. 8.9 percent of homes, located mainly in coastal
and plains areas, did not have any form of heating. About 17.4
percent of households used more than one form of energy for heating,
mainly gas with oil (5.8 percent), gas with electricity (3.7
percent), gas with wood (2.8 percent), gas with electricity and oil
(1.3 percent) and oil with wood (1.1 percent).

For cooking 99.3 percent of households used gas (93.5 percent gas

only and 5.8 percent a4 combination of gas with electricity, wood, oil
and charcoal). Only 0.7 percent of homes used other forms of energy

exclusively (0.5 percent electricity and 0.2 percent oil).

For hot water supply 47.4 percent of households used electricity,
33.5 percent solarx;, 16.2 percent wood, 13.4 percent gas and 1.8
percent oil; 84.5 percent of homes using solar heating for water also
use some electricity for this purpose. In addition, 2.7 percent of
all households used electricity and wood for hot water supply and 1
percent used gas and wood. No hot water supply was recorded for 21.0
percent of households. 43 percent of homes in the mountain areas had
no hot water supply as compared to 28 percent in plains areas and
10.3 percent in towns.

Another survey, conducted by consultants to the Ministry of Commerce and
Industry for the "Energy Planning Study® in July-August 1983, reveals that 90
percent, of the individual dwellings and 1% percent of the collective
dwellings (flats) and 50 percent of hotels/hotel apartments are equipped with
golar water heaters,

2.2 Progress of Solar Water Heater Industry

Solar water heaters, modelled on an imported design, were first produced
in about 1963. Industry progress in the first six Years was rather slow.
This is attributed to the rather faulty initial design (leakages, low
efficiency, etc.) and to their rather high cost. Due to developments in the
construction of collectors which eliminated most technical problems, and the
rationalization of production (so that costs, if not decreasing, at least
remained constant), more and more units were installed, with the result that
by mid 1974 about 24,000 units with a total collector area of 72,000 square
meters were put into operation. This figure means that roughly 20 percent of
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the population were satisfying their hot water needs through the use of solar
water heaters at that time; with solar energy providing about 1 percent of the
total energy requirements of Cyprus. It is difficult to give any figures for

the contribution of solar energy to total energy consumpti-~n during the period
1974-76 because the national situation was thrown out of b.lance as a result

of the Turkish invasion. The production of solar water heaters, however, was
soon reactivated at a faster pace than before.

At present, there are about ten major and twenty minor manu’acturers of
solar water heaters in Cyprus, employing a to* .1 of about 400 workers and
producing about 12,000 units per year, compared to 4,000 units per year prior
to 1974. 1In 1983 solar water heating accounted for 3.5 percent to 4 percent
of national energy consusmption.

2,3 Statistics of Solar Energy Utilization

2.3.1 Water Heating

The major conscious use of solar energy in Cyprus is for heating/
preheatirg water, and in some rare cases the heated water is in turn used for
space heating, A survey made by government consultants on the Energy Planning

and Conservation ¥roject has concluded that as of January 1, 1983 the
percentage of buildings of the following categories equipped with solar water

heating weire as follows:

Individual Houses 90 percent
FPlats 15 percent
Hotels and Hotel Apartments 58 percent

For the new buildings completed during 1983, the percentages were
estimated by the consultants as:

Individual Houses 90 percent
Flats 25 percent
Hotels and Hotel Apartments 90 percent

It may be interesting to discuss briefly the above figures, especially
those related to solar water heating in individual houses. Although the vast
majority of them equipped with SWds, some 10 percent are not. This small

vercentage represents:

(a) 014 houses (which may not have a hot water system at 3il) whose
design makes the installation of SWd prohibitively expensive.

(b) douses in the high altitude region of the island where freezing
frequently occurs.

(c) New luxury houses, equipped perhaps with central oil-fired central
heating systems which also supply hot water.
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The collector area of typical solar water heaters used for individual
dwellings (house or flat) is 3 square meters; the consultants have estimated a

collector area of 0.7 square meters per bed for hotel/hotel apartments.

Prom the above data as well as from available data related to number of

existing and new dwellings, hotel rooms, etc., it is estimated that at present
some 350,000 square meters of collector area is installed as shown on the

following Table 2.1

Table 2.1

Estimated Collector Area in 1985 in Mz

Category Area
Houses 300,000
Apar:ments 35,000
Hotels 15,000
350,000

The yearly average solar radiation, incident on the collectors
(inclination 40°) is ..4 KWh/square mecters day; typical values for the
efficiency of the solar water heater and the utilization factor for hot water
in dwellings are 0.3 and 0.6, respectively. dence, the useful energy,
collected by the solar water heaters is 5.4 x 0.3 x 0.6 x 365 KWh/square
meters year; hence using Table 2.1 the energy saved due to the use of solar
water heaters can be expressed as in Table 2.2

Table 2,2

Energy Saved by Use of Sclar Water Heaters
{installed as of January 1, 1984

Buildings Auxillary Energy Saved Per Year Energy Saved Per Year
Energy Million Kwh in Thousand Toe
Houses Blectricity* 105 36,1
Plats Electricity* 12 4,1
Hotel/
Hotel Apts. Diesel** 5 0.6
Total 132 40.8

*0,344 Toe/1000 XWh
*%0,125 Toe/1000 KWh
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The savings in oil caused by the use of solar water heaters is 40,800
tonnes/year, expressed as a percentage of the oil consumed annually viz. 1.075

million tonnes/year is 3.8 percent.

Other calculations, based on the results of the survey (section 2.1)
carried out in 1979 and the statistics for production import and export of
water heaters (Table 2.4) indicate that the parcentage of national energy
consumption met by solar water heating is 3.5 percent. The basis of this new
Zigure is the production figures for all recent years, which do not take into

account the production by unlisted producers of solar water heaters. The
difference between the two figures can also be partly explained by the finite

size of the samples. We may conclude this discussion by the statement that
the percentage of the national eaxergy consumption met by solar water heating

is between 3.5 percent and 4 percent.

However, due to the mode in which the solar water heaters are used in
Cyprus (such as switching on the electric heater when hot water is needed and
not using a thermostat to switch on the electrical heater to keep the

temperature of the water in the tank usable), a peak in demand of electrical
power occurs in the winter evenings (particularly on cloudy days), when most

Cypriots take a bath.

2.3.2 Use of Solar Energy ir Multi-Stovrey Buildings

In Cyprus, usually, individual solar water heaters delivering hot water to
different flats usually are located separately on the rcof of the multi-storey
building and hence economy of scale is not realized, and some heaters may be
located in disadvantageous positions. The cost of plumbing, insulation, and
lost energy is also relatively larger. Shade from neighbouring buildings can
sometimes inhibit the use of solar water heaters, but the problem at the
moment is nct serious enough to warrant legislation.

It is evident from Section 2.3.1 that the use of solar water heaters in

multi-storey buildings (flats) is not as widespread as that for houses. The
reasons for this are many. Pirst, the thermosyphon system ganerally used is

suitable to secrve the top two stories only. Second, multi-storey apartment

buildings are usually constructed by developers who, amidst fierce
competition, try their best to keep capital costs, and hence selling prices of

flats to a minimum. Third, there are occasional problems with the rights of
use of the roof, which is commonly owned by all flat owners in the building.

2.4 Technical Details

2,4.1 Flat Plate Collectors (for details see Appendix A)

Except for a very few imported collectors of the vacuum tube type, flat
plate collectors are invariably used in all solar hot water systems in the
country. The materials used in the construction of the collectors are as

follows:

1. Casing: Galvanized Iron Sheets, Piber
Glass, Aluminum

2. Insulation: Fiber Glass, Polyurethane

3. Risers and Heaters Copper (rarely galvanized iron)

4, Plate: Copper, Aluminum, G.I. Sheet

5. Glazing: Clear Glass, Window Glass
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6. Paint on Plate: Selective Paints, Nonselective
Paints
7. Gasket: Rubber (developed in Cyprus)

The risers are bonded to the plate, using a variety of techniques
resulting in poor to very good thermal contacts; roll bonding is not
practiced. Many collectors use fins (most straight but in one case zigzag) to
reduce convective losses and improve the effective absorption of light.

The designs range from poor to good; some designs start with a given
thickness of insulation and compress it before use, a bad practice. The
insulation between the plate and heaters and the casing is in many cases

poor. In some designs the straight fins do not serve any useZul purpose.

Since in domestic hot water systems, the water from the mains ent 3 the
collector and gets recirculated before use, the scaling in areas whe- the

water is hard is a serious problem; the scaling tends to reduce the
performance with time (although there are no investigations being undertaken

in this connection in Cyprus).

2.4.2 Domestic dot Water System (for details see Appendix A)

The system consists of a cold water tank, a hot water tank, the
collectors,and necessary plumbing; the movement of water between the tank and
the collectors takes place by natural convection. The collector rea and tank

capacity of a typical system are 3 square meters and 180 litres,
respectively. There is no arrangement to inhibit the reverse flow during the

night other than varriug the difference of height between the tank and the
collectors.

The tanks are mostly of the vertical type at a suitable height over the

collectors, though recently horizontal tanks located just above the collectors
are preferred; the latter variety however, suffers from increased reverse flow

and lack of stratification (resulting in lower system efficiency).

Auxiliary energy to heat water, when solar energy is not enough, is
supplied by a 3KW electric heater in the hot water tank.

2.4.3 Maintenance of Solar Water Heaters

Since almost all the solar water heaters are manufactured domestically
(some assembled with imported serpentine collectors), the availability of
service and spare parts is very satisfactory. Thanks to the training
facilities in the country, the quality of technicians and mechanics is
generally high; those working in the solar industry qget further training,
essentially on the job. Advanced training for tectalcians in the solar

industry is provided by the Cyprus Productivity Centre, which collaborates
with the Energy Service of the Ministry of Commerce and Industry.

Experience with installation and service by retailers has not been
satisfactory; hence, presently almost all installations and service is managed
by the manufacturers.
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2.,4.4 Efficiency of Collectors

The Energy Service of the Ministry of Commerce and Industry conducts the

testing of collectors and provides curves for the dependence of thermal
efficiency on AT/G where T is the difference between the mean temperatures

of the fluid in the collector and the ambient in °C and G is the solar
insolation in watt/square meters. The distribution of the efficiency n, for
T/G = 0.045 square meters °C/Watts (corresponding to operation in typical
Cypriot conditions) in a batch of 29 collectors, tested recently at the

facility is shown in Table 2.3.
Table 2.3

Distribution of Efficiency of Solar Collectors
in Cyprus (A T/G = 0.045 m* °C/Watts)

Range 0.30-0.35 0.35-0.40 0.40-0.45 0.45-0.50 0.50-0.55 0.55-0.60
Number 2 9 5 8 4 1

The average value of the efficiency (for AT/G = 0,045 square meters
*C/Watts) is 0.43 for Cypriot collectors.

Thus one notices that there is considerable room for improvement of
performance by careful choice of design, materials and manufacturing
techniques.

2.5 Manufacture

Except for a very few vacuum tube collector based solar water heaters
almost all solar water heaters are indigeneously manufactured; in lecss than 5
pParcent of the cases are the collectors of the SWHs imported. The statistics
for the years 1980-83 are presented in Table 2.4.

Table 2.4

Statistics for Solar Water Hea‘.er Production in Cyprus

Production Import of
Year of Collectors+ Export of SWH
SWH (3m2) (1.5 m2)
1979 7,484 187 205
1980 8,111 3,452 732
1981 9,258 926 114
1982 12,497 847 221
1983 9,778 1,239 132
1984 N/A 593 211

{(Jan.-Nov. )

*incorporated in the solar water heaters, produced.
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The importation of collectors fell during the period 1980 to 1982 due to
the development of indigeneous technology: the increase in 1983 is due to the
demand for more efficient products. The decline in exports from 1980 is due

to a combination of factors (increased local demand and .ower demand from
western Asian* countries). It appears from informal sources that the domestic

market saturated and the production for 1984 was almost the same as that in

1983, Hence improvement of product quality has been taken up with new urgency
since quality improvement alone can create a large demand for replacements in

the domestic market and a big export market.

2.6, Economics of Solar Water Heaters

In discussing the economics of solar water heaters one must take into
consideration the capital costs of the various alternative systems, and the
cost of useful energy in different hot water systems (based on calorific value

of fuel, price of fuel, efficiency, etc.)

Table 2.5 below shows the capital costs for various alternative domestic
hot water heating systems.

Table 2.5

Cost of Heating Systems

l. Solar (auxiliary electric) Hot Water System

2 collectors (total area 3m2) £130 ($195)
dot Water Storage Tank with Electric deater 65 { 98)
Tower and lm3 cold water tank (needed due to

intermittant water supply 70 {( 105)
Plumbing, Installation, etc. 30 (_45)
Total £295 ($443)

2. Electric Water Heater

Hot Water Storage Tank £ 65 ($ 93)
Remaining part of system and installation 30 (_45)
Total £, 95 ($143)

3. L.P.G. Water Heating System

Burner and Boiler £ 80 ($120)

Installation/Plumbing 15 { 23)

Total £ 95 ($143)
4. Gas/0il wWwater Heating

For those having a gas/oil based space heating system

the additional cost for hot water facility is as

follows:

Storage Tank with Heat Exchanger £ 95 ($143)

*Most of the export was channellxd through agents in Beirut, whose business
was glow during this period; now manufacturers have established
commercial 1links with agents in other countries.
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It may be observed from Table 2.5 that the capital cost of a solar water
heating system is approximately three times higher than the cost of the other
systems (electric, LPG, gas o0il). This, however, is somewhat misleading if
one considers that for new houses most of its components (cold water tank, hot
water tank, etc.) are already installed anyway. Thus, one may talk only about
the additional cost of a solar system, which is considerably less.

One other point to be made is regarding the total cost of a solar water
heater installation. Its price level ($443) is very low compared to that
reported to prevail in other countries ($1000-$2000). Moreover, this total
cost is within the financial capabilities : the population, representing
(very roughly) less than one month's wages. In addition, when compared to the
cost of a house, as well as various other loan facilities available (to be
discussed later), the price of a SWi in Cyprus is within easy reach of the
population.

The life of these systems may be assumed to be 15 years and the

maintenance costs can be neglected. The interest rate in Cyprus (about 9
percent) over a period of 15 years corresponds to an annual cost of

$12.41/year per $100 capital investment using the expression

A = C.r 1-(1+ _r )M
100 100

where A is the annual cost £/year,
C is the Capital cost &,
r is the rate of interest
and n is the period in years.

2.7. Cost of Useful Energy

The cost of useful energy delivered by different water heating systems is
shown in Table 2.6; the data from which the cost has been calculated have also
been summarized in the table.

Prom the Table it can be seen that solar water heaters are much preferable
economically to electric water Leating systems, which they have already
replaced to a very large extent. The systems$ designs and components have to
be carefully chosen to compete with gas oil (for those having central heating

systems),

It is interesting to note from Table 2.6 that the least total energy cost
is offered by LPG systems (largely due to the heavily subsidized retail price
of the fuel). Nevertheless, their use is minimal largely due to the
cumbersome method of supply (in cylinders of gross weight of approx. 20 Kg
each) and perhaps alsc due to fears on the part of the public about their
reliability and safety.

Another useful fact to be extracted from Table 2.6 is that when compared
to electric systems a solar water heating system has a repayment period of 3-4
Years, which is considered very satisfactory, bearing in mind that its useful
life is over 15 years.
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Table 2.6: Cost of Useful Energy In Different Water Heating Systems

vel Caloric Value Cfflclency of Fuel Cost Fuel Cost Canital Annual Annuaf Total Energy
Utitization Per MJ Cost Caplital Cepltal Per MJ 107°%$
(1073 $ Cost Cost per
$/MJ) $/Year  MJ 103$/MJ
6 50 MJ/Kg 0.75 $0.230/Xg 6. 143 17.69° 2.7 8.80
Gas 011 45.6 MJ/Kg 0.62 $0.255 /Kr 90" 3™ 169 B
lectricity
lesistance
leating) | KWh/Kwh 0.98 $0.105/KWh 29.8 143 |7.69’ 2.7 32.50
‘esent
solar Water
2 YT
leater (3m“) - 0.18 NiL NIL 443 54.9 14.4 14,4
refully
‘esigned SWH - 0.28 NIL NIL 443 54.9 9.3 9.3
(0.7 x 0.4)

Corresponding to an output of 6570 MJ/year

Corresponding to an output of 6570 MJ/year for hot water and twlce
the amount for space heating.

* Based on a useful output of 3 x 5.4 x 0.3 x 6 x 365 Kwh/year = 3331 MJ/yr
(areas of pane In m2 x output In KWh x efficiency x uti!lization factor
x no. of days).

3 additlonal capital cost of solar/electric water heater over electric water
iter Is $300, which corresponds to an energy cost of $11.7 x 1073 /M4,
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3. Government and Other Agencies Relevant to the Industry

3.1. Support and Incentives

3.1.1 Technical Support

Experts at the Ministry of Commerce and Industry have long been available
to the solar industry for advice on improvement of components/systems and to
the consumers (big or small) for advice on optimal use of solar enerdy. Since

1980 an outdcor testing rig has been set up to provide the efficiency
versus A T/G, curve for collectors, submitted by the manufacturers; G is

the solar insolation in watts/square meters and 4 T is the difference between
the mean fluid temperature and the ambient temperature in °C. The testing is
carried ocut in accordance with Cyprus Standard 119:1980.

The Ministry of Commerce and Industry is presently processing the
establishment of an Energy Service; the present Applied Renewable Energy
Centre, set up for the implementation of a World Bank supported project, will

serve as the renewable energy wing of the service. The subproject on solar
energy which consists of adaptive research development, demonstration,

dissemination, commercialization and technoeconomic evaluation, undertaken by
the centre includes (for more details see Appendix B):

1. A network of solar/wind/meteorological parameter measuring stations -
to previde a sound foundation for design of a solar/wind system.

2. Solar collectors and solar hot water systems

3. Passive Architecture - design of buildings to make optimum use of the
sun for maximum comfort

4, Passive green houses
5. Solar crop drying
6. Feasibility study of use of solar ponds in Cyprus

3.1.2 Testing Facilities for Solar Collectors

When we started in 1979 at the Ministry of Commerce and Industry to deal
with the technical aspects of the manufacture of solar collectors the absence
of reliable data on their performance was a considerable hindrance. Thus it
was decided to set up a testing facility in order to be able to measure the
performance of solar collectors. The task was not an easy one. At the time
there was not a universally accepted testing procedure and the funds available
were not much. So it was decided to start with an outdoor testing facility
which required only a minimum of capital expenditure.
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This testing facility has since been used extensively for the following
purposes:

1. To measure performance standards of the solar collectors manufactured
in Cyprus.

2, To recommend to manufacturers and advise them on ways and means to
improve product quality, on the basis of this testing.

3. To monitor the effectiveness of any changes made in the manufacture
of solar collectors and to be able to calculate the relative costs
and benefits of such changes, so that a decision may be made whether
or not these changes are worth implementing.

4. To be able to give to designers of (especially large) systems

reliable data on the performance of a particular collector so that
they may proceed with the design of their systems on a correct basis.

5. To give performance certificates to those manufacturers who need them
to support their export promotion activities.

6. To enable comparison in the performance of various types of
collectors, both locally manufactured and imported, and on the basis
of this comparison draft new policies, such as protection against
imports, and revise technical and drafting standards.

The provision of this testing service, which is offered free to
manufacturers has met with unequivocal success. There are times that we are
literally inundated with requests for testing of collectors for any of the
above purposes. The testing facility and standards were later adopted as
Cyprus Standard 119: Testing prccedures for solar collectors.

There are also plans to upgrade these facilities in order to conform to
the latest international practice in this field.

3.1.3. Preparation of Standards for Solar Water Heaters

A standard is necessarily an attempt to achieve a compromise between
different objectives, such as consumer protection, of local industry
capabilities (manufacturers have a varying degree of design competerce,
manufacturing facilities, know-how, etc.), testing facilities available or
which are reasonably expected to be set up, the various applications of the
product, and other technical constraints that may exist, etc.

In addition standards in an area of rapid technical development should
also allow flexibility in order to enable the exploitation of new technology.

Other questions to be addressed refer to whether a gtandard should be
mandatory or optional, whether it is possible to have a standard for the
system as a whole or individually for its constituent parts, etc.
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All these issues are discussed in more detail below:

Standardization

The development of the standards is a collective effort for the

satisfaction and benefit of all concerned. All interested parties take part
in the technical committee that establishes the standards.

The committee encountered technical difficulties due to the fact that no

foreign detailed standards exist which could be used as a model. Therefore
the studies were based on the present manufacturing practice followed in

Cyprus. One of the main problems was the development of criteria upon which
the testing methods of system efficiency would be based. Following a detailed
study of the problem and due to lack of a practically accepted methods of the
system, it was decided that the efficiency of solar collectors presently in
use would provide the main efficiency criteria. Thus the Cyprus standard CYS
119 method of testing the efficiency of plate solar collectors was prepared
and published.

As a result, one of the basic prerequisites for the preparation of a
standardised speci’ication of solar water heaters was to enable to the
consumer to make an informed choice for the purchase of solar heaters the
collector efficiency. 1In other words, it enabled the consumer to buy a solar
water heater from either the A, B, or C categories.

For two years, several tests were made by the Energy Service of the
Ministry cf Commerce and Industry on all types of collectors that are
manufactured in Cyprus and on some imported types. Unfortunately, the results
showed that a classification based on the method currently used is
impossible. The efficiency curves did not show a marked difference to such a
degree that would enable the classification into categories. In the case of
two collectors for example, one made with copper serpentine and the other a
galvanized collector, the difference was minimal. This does not mean that
the two collectors have the same efficiency simply because they were both new;
therefore, certain factors such as the development of scale formation on the
inside of the tubes, do not affect the results in any way.

It was therefore decided that the standard should be prepared as one with
minimum requirements regarding the collectors' specifications and the
determination of its efficiency.

A standard of minimum requirements does not meet all of the cbjectives of
the standardization project, but it does cover the basics. HNothing better
could be achieved under the present circumstances; however, a standard of
minimum requirements is ideal for meeting our needs.

3.2 Piscal and Financial Support

3.2.1 Protection of Local Indus:-‘es

The overall government policy is to give protection to local industries

that have prospects of further development, but which require a period of
protected adolescence before they can compete with foreign suppliers. The

criteria for such protection are: quantity (whether production is sufficient
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or not to satisfy local demand), quality (whether or not the product is of an
acceptable standard) and price. Protection of local production may be covered
either through the imposition of import duties or through the regulation of
imports and the imposition of quotas.

In protecting the solar water heater industry, one is faced with the
following problem: Too much protection would totally prohibit imports. It is
my opinion that some imports are desirable in an area of rapid technical
development . On the one hand it is a means of technology transfer; local
manufacturers can see what are the latest technical trends and try to adopt
and adapt these new products and methods. On the other hand, imports,
especially if these are of higher quality and lower price than locally
manufactured goods, introduce an element of competitiveness in the market
creating an urge for local manufacturers to improve their production.

Bearing all these factors in mind, as well as other local conditions
regarding the imposition of import duties (Parliamentary approval, etc.) the
pPresent situation is that imports of flat plate collectors are levied with
duties ranging from 10 percent-15 percent (depending on the country of origin).

This measure was accompanied by the removal of the privilege of duty free
importing of collectors by hotel establishments for their own use. After a
recent change in the regulations, hotels now also have to pay the applicable
duties described previously. Since the hotel sector presents considerable
potential for the rise in purchasing of solar water heaters, it i5 expected
that this measure will provide a further boost to local industries.

It may be mentioned here that for other renewable energy equipment which
is not produced locally (such as photovoltaic cells, small wind generators,
etc.) all import duties were removed and a number of other permits required
for their use (production of electricity) were waived. Although their
contribution to energy needs is still minute, government policy of renewable
energy equipment in this sector encourages their use whereever possible. It

also provides the opportunity to acquire experience, albeit to a limited
extent, with such systems.

3.2,2. Import Duty Relief for Raw Materials, etc. Used in the Manufacture
of Solar Collectors

Raw materials, componrents and other goods which are not produced locally
and are used in manufacturing are usually admitted in Cyprug duty-free or at
reduced rates of duty. Practically all materials used for the manufac! ‘re of
solar water heaters have been gradually exempted from import duties.

3.2.3 Pinancing of Industries

Especially since the time of the Turkish invasion of 1974, a number of
government-sponsored schemes for industrial financing were introduced. These
schemes concern the provision of loans at the commercial interest rate of 9
percent to industries through the banks operating in Cyprus. Some of these
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schemes are managed under a Government guarantee for the repayment of interest
and principal. The purpose of these schemes was to revitalize industry in
general. Although these schemes are addressed to all industries, it must be
stated that two of the largest existing solar water heater manufacturers were
financed under such schemes. The main criterion for financing is the

commercial viability of the project.

In addition to the above it may be mentioned that financing of industries
for the manufacture of energy saving equipment (including renewable energy
products) is included under the special Fund for Financing Priority Projects.
(This is a fund operated by the Central Bank of Cyprus and its purpose is to
finance projects that fall within the priority sectors set by Government).

3.2.4. Tax Incentives

Por the purpose of promoting investments in fixed assets (plant and
machinery) in industry a number of tax incentives of a general nature are
appliced to all industrial sectors. They are too numerous to describe in
detail here but the major ones are: investment allowances (up to 45 percent)
in addition to the normal annual wear and tear allowances, immediate

depreciation, carrying forward of losses for an indefinite period, etc.

It will suffice to state that these incentives have proven to be very
effective in promoting investment and that a number of solar water heater
manufacturers, especially the larger ones, have taken advantage of their
existence resulting in expanded production and modernized production methods.

It is also valid to state that the same incentives are applicable to
businesses (hotels, industries ...) that install renewable energy equipment.
dowever, there is not enough data to enable one to comment on their
effectiveness for this purpose.

3.2,5, Government Purchases

It has been estimated that for the past seven years the government has
purchased approximately 1500 solar water heaters per year. These are
installed in the houses built by the government to house people displaced from
their homes as a result of the Turkish invasion.

These purchases, howsver, although providing a good market for the
manufacturers, are not part of a policy aimed at the promotion of solar energy
utilization. They are considered rather as a standard installation procedure

in building a house; everybody expects it to be there. 1In the first
government housing projects built in 1975, solar water heaters were not

installed. It is understood that this was decided due to the need to cut the
cost of building each house to the absolute minimum, so that, within the
limited funds, available, more houses could be built. The public outcry,
however, (presumably due to the high operating costs of the electric systems
installed) from occupants was such that the decision was immediately reversed
and every housing unit built or subsidlzed by the Government was installed

with a solar water heater.
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The problems that have arisen from these government purchases are those
usually associated with any construction contracts and will not be discussed

in detail. It will suffice to say that they are concerned with whether they

will be contracted together with the construction work or separately, the
drawing up of specifications, and the responsibility of contractors and

subcontractors, etc.

It is difficult to quantify the results of this program, but it is evident
that a boost was given to the industry, resulting in increasing competition
with reduced costs (or at least remain constant).

3.2.6. Pinancial Support for Purchasers of Solar Water Heaters

The only scheme available for financing the purchase of solar water
heaters is one operated by a commercial bank. According to this scheme, a
loan is granted to purchasers for the value of the installation ( approx.
C£300). The loan carries the current interest rate applicable in Cyprus (9
percent) and is repayable in two years. The scheme was introduced in
September of 1981 and up to March 1985, some 7,000 units were financed,
representing 20 percent of the market (assuming an annual average market of
10,000 units). The bulk of these installations were made in the early stages
of the introduction of the scheme. This is attributed to the wide publicity
that was given with launching of the scheme which was sustained for a number
of months.

It is evident from the figures that the scheme was a successful one. The
publicity that accompanied it was a major factor for this success. According
to a representative of the bank operating tha scheme, what people needed were
guidance, enlightenment and (credit) facilities. All three element