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IMTRODUCTIOM

Historv shows that solar énergy.has already been utilized for a
long time, but it ie only since the 19th centurv that improved equipment
has come into being, such as boilers fitted with mirrors, steam engines,
hot air engines and cookers. The intensive development of thermal and
electrical erngines as well as the extremely low cost of energy, especially
that imported from the Third World, have to some extent discouragei research
in the field of solar energy. !ow that the cost of energy is in the
process of reaching a normal level and that the discovery of new oil
resources is becoming rare, industrialised countries are launching
important research programmes to domesticate solar energy ~’or example,
the "RDA (Thergy and liesearch Development Administration) in the USA had
a budget of "115 millien for the fiscal year 1976, Solar energy has
reached a stage where in some fields it has started to compete economically
with conventimmal sources of energy. Due to the fact that developing
countries are often situated in very sunny regions, it is in their own
interest that they should develop the utilization of solar energy, which
is free, inexhaustible, omnipresent (no transport or distribution problems)
and non-polluting. This energy could be converted into mechanical,
electrical or chemical energ - to be used in various fields; such as the
production of electricity, the dcsalination of water, irrigation, cooking,
food preservation by means of refrigeration, drying of fishery products,

fruit and vegetables, space heating and air conditioning.
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AIMS A"D SCOP® QOF THT STUDY

The purpose of this study is to give an account of the dev:lopment
of research on solar energy and its utilization from ‘he techno-economic
point of view., It aims mainly to throw light on the principal issues o
related to the utilizatior of solar encrgy by developing countries, and
it is hoped that it could serve as a first guideline for technicians,

economists and policy makers in these countries. *

A proliferation of commercial companies in the field of solar energy
has emerged; scme of them often failed to proﬁose realistic performances
or lifetimes of equipment, and have alsn asked for prohibitive prices for
the transfer of solar technology to the developing countrizs. The majority
of these countries need a tirst tool permitting them to improve their
position to negotiate the transfer of solar technology for esearch and
Devel opment purposes. This study is a first attempt at providing such a
tool. For more details concerning one aspect or another of the study,
more specialised references should be consulted. A summarised list of
important sources of information (institutions and bibliography) will be

supplied in the annex of this stiudy.

Attention has been focused on the short and medium term perspectives
because it is felt that this is most important for the moment, and because
available data does not allow a valid long term projection. However, due
to the accelerated change in technology, it is also felt that a study of
this nature should be repeated periodically and that the specific field of
utilization of solar energy in developing countries should be discussed

periodically in specialised expert group meetings.

This study is neither a manual nor an cxtensive and detailed survey of
all aspects related to solar energy utilization. Its chapters are not
balanced; in general more importance has been given to fields which have

not yet been popularised.
The study will deal with:

1. Development and State of the Art

This section will describe the general applications of existing

technology, and will include the findings of the visits paid by the author

to Research and Development Centres, and of discussions and participation
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in international meetings. Commente on and extracts from the findings of
international, regional and national meetings, sruveyd and inquiries will be
reported.

2, Techno-econoric r~lvaticn of- solar-equipment - .

In tLis chap.er, scme general techno-economic comparisons will be
made to ehow which solar equipment could be economically utilised in the
short and medium term in developing countries. BEquatione will be outlined
with parameters to be quantifi .d aceerding to prevailing conditions in
each country. An elaborated example will be given in the paragraph
"Techno-economic Compo.risc;n between Solar ngines and Internal Combustion
Engines". It ie very difficult to gu into detail as thie would produce a
very narrow case study, which is not the intention of thie report.
Nevertheless, it is hoped that thie chapter will permit a first evaluation
of the kind of equipment that could be emvisaged.

3. Poseibility of solar energy utilization in developing countries

P 3 . . &
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The author has visited some important centres of solar and wind
energy research in developed countries (France, Netherlands, FRG, Canada
and the USA) and developing countrios (CGreece, India, Mexico and Trinidad).
Some findinge of these visits, as well as an evaluation of the existing
experience, will be reported. Probleme and possible solutione, and the
general trend for co-operation between developing and developed countries
and among developing countries, will be discussed. The role of UNIDO in
the field of solar energy will also be discussed.

4. Annexes

Important current programmee of R and D on solar energy, extraots
from information systems in eolar energy and from the enquiry undertaken
by the Austrian Solar and Space Agency cn small solar power systems, and
addressece of important centres in developed and developing countries, will
be inoluded'in the annexes,

A bibliography of practical manuale, books and publications utilised
in the study will aleo be included.

Unfortunately no adequate information is available to the author
about the important activities undertaken in countries such as USSR and
Japan in the field of solar energy.




It has not always been possible to use the metric system when
giving quotations.
Except for the original work and the personal appraisals, the
author does not claim credit for the information included in this »
study. Such information is based on available technical literature,
broohures and/or statements by manufacturers and direct contacts and

discussions held in specialised institutionms.
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CHAPTER I_— QGTVELOPMENT AND STATE OF THD £RT

1. CONVERSION OF SOLAR INTRGY INTO MECHAMICAL RNMTRGY
Ceneral considerations

The .erm "solr.~ engine" desi,nates an engine o; srated by solar
energy. Steam or vapour is obtained by heating the working fluid with
gsolar radiation. 7his vapour or steam expands in a reciprocating or
rotative engine. From the engine it flows to a heat exchanger (condensor)
in which it condences, and from there it is reinjected by a pump (usually
operated by ‘he solar cngine itself) to a heat exchanger (evaporator)
in which it evaporates. The cycle is then closed. The Rankine cycle is
most often used. The ~fficiency of the system depends firstly on the

Carnot efficiency:

'I‘1 - the absolute temperature of the hot source

'I‘2 - the absolute temperature of the cold source
It appears from this equation, that, from the thermal point of view, it
is more economical to use a very high temperature for the hot source and
a very low temperature for the cold source. In a practical sense, 'I‘1 is

limited by the performance of the solar collectors and by the high

pressure, which implies the use of special materials and special techniques,

for exampie, the pressure of freon 22 is 20 bars at 50°C. ’1‘2 is limited

by the cooling source: water or air with natural or forced convection,

No standards yet exist defining the range of low, medium and high

temperatures.

In this study, low temperature solar engines refer to temperatures
below 100°C. This means that flat plate solar collectors, capturing
direct and diffuso solar radiation, are used. Medium and high tempefature
solar engines refer to temperatures above 100°C; in this case, focusing
solar collectors,which track the sun and use only direct solar radiation,

are used.

Air could be heated to a relatively high temperature by solar energy

and used to operate solar engines. Two cycles could be used:

- Closed cycle system (Stirling): the air is compressed in
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a cold space, then it is put into contact with a hot
source, where its pressure increases and expends in a
power cylinder. From there it flows to the cold space

and the cycle is closecd. ¢

- Cpen cycle system (Ericson): compressaed air is introduce?
into a hot gspace. It then expands and exhausts into the

atmosphere.

1.1 Low temperature solar cnginc

The low temperaturc solar enginc system refers practically to

temperatures lower than 80°¢C. It consists of flat plate solar collectors

which convert solar cnergy into heat. A working fluid (freon 22, freon
12, freon 11, frecon 114, butane , . .) is evaporated directly in solar
collectors or by hot water obtained from solar collectors circulating in
a heat exchanger (evaporator). The working fluid in its gascous phase
flows to and expands into a reciprocating or rotative engine. From the
engine it flows to a condensor, air or water coolcd., From the condensor,

the working fluid in its liquid phase is reinjected into the evaporator

by a pump operated by the solar engine. In some applications, when hct
water is used to cvaporate the working fluid, a circulating pump also
operated by the solar engine could be used to accelerate the circulation
of the hot water in order to improve the heat transfer in the evaporator,

In this case, manual starting is necessary.

The tolution of eveporating tie working fluid d_rectly in the solar
collectors could be economical in small installations but it reems that
it would be very difficult to ndapt such a solution in the case of large
solar collectors, since the circulation of the working fluid may present
great difficulty and the tightness of the system would be very difficult

to obtain.

1.1.1 SOFRUTES, the Société Frangaise d'Fiudes Thermiques et d'Inergie

Solaire, has already installed or is installing about 50 solar

pumps. The majority of them has about 1 kw.

The technology, however, has evolved too far. They have tried *
butane and many kinds of freon, especially freon 12 and 11, and

now it seems that they are changing to freon 114. They have aleo

changed their technology in the matter of heat exchangers.




They tegan with shell nd tube condensors and evaporators.
Afterwards they used tube in tube (coaxial) condensors and now
it scems that they ore changing to plate hent exchangers similar
to tlosc used in the food incustry. In onc of the 1 kw solar
pump installations using butone as the working fluid nnd 60 m2
flat plate solar collcctors, the following approximative data
has beun sbtained. The wnter outlet temperature of the solar
collectors is about 70°C. The temperature in the outlet of the
evaporator and in the cntrance of the solar reciprocating engine
is about 6700 and the outlet temperature of the engine is about
50°C. Thc condensing tempernture in the condensor, cooled by the
pumped water, is about 30°C. In a good solar radiation rcgime,
such ~n ongine could function about © hours n day without solar

storagc, but it would not give full power all this time.

In anothcr 1 kw solar pump installation, the following data has

been obtained:

entronce tcempernture in the engine 55°C
outlct tempernturc from the engine 40°C

outlet temperaturc from the condensor 30°C

The same company, in collaboration with the Mexican Government,

has installed a 25 kw solar power plant in Son Luis de la Paz.

The electric generator is operated by a turbine of 7,200 rpm
operatcd by the cvapornted freon 11 at a pressurc of about 3° .s,,
working tiuid ~nirance temperature of 57°C and outlet tempe:zture
about 300C. This turbine is fed by freon 11 evaporated in an
aluminium evaporator with an exchange surface of about 350 m2 and
415,000 kcal /hour with water entrance temperature 62°C and water

exit temperature 58°¢,

The evaporator is fed with hot vater coming from 1200 m2 net
effective surface solar collectors. The gas is condensed in a
stainless steel condensor of 380,000 kcal per hour with about
100 m2 oxchange surface. The condensed freon is reinjected into

the evaporator by a 3 kw reinjection pump driven by electric energy

delivered by the elzctric gencrator.
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The installation has been in operation for about one year and does
not present serious techaological problems, but the control of the
system is very sophisticated.

1.1.2 A V-2 solar vapour engine nas been developed by Farber of the

Solar Tnergy and Tnergy Conversion Laboratory of the University of
Florida. The system uses freon evaporating directly in the solar
collectors. It consists of two cylinders, each having an inside
diameter of 5! mm. The two cylinders are oriented at 90° to each
other. The piston in cach cylinder has a stroke of 39 mm. Slide
valves cor.trol the vapour flow in and out of the oylinders admitting
vapour for 90° of the flywheel rotation and exhausting it for 1400.
The 25 om tall, 35 cm wide and 23 cm deep engine is mounted in
housing 40 cm in diameter and 25 cm deep. The total displacement

of the engine for one revolution ie 305 cc.

The vapour is fed to the engine through tho housing. The vapour =
after it has produced work, is exhausted into the housing surrounding
the engine. In this manner any leaks which may be present are not
oritical since the housing calicher all exhausted and escaping vapours.

From the housing, the vapour flows to the condensor.

The engine is speed-controllad by a centrifugal flywheel governor
which regulates the vapour flow to tho engine and can be adjusted
to give the speerd desired fc. operation.

The water-cooled condensor used in connection with this engine is

a oylinder 76 cm in diameter and 61 cm long. In this oylindrical
otntainer are 7 coils of 2.5 cm diameter pipe giving a total length
of 13.5 m. The vapour is condensed in this pipe.

The operating conditions and an ideal system T-S diagram is shown

in Pig. 1. 1-2 indicates the expansion of vapour through the engine
which converts some of the energy into mechanical work. 2-3 indicates
the state changes which oocur in the fluid when it is moving through
the oondensor. 2--4 is an indication of the pump action, raising the
pressure to that of the solar vapour generators. 4-1 oompletes the
cyole of the system and presents the ochanges which ocour in the
evaporator, Thie same cycle is presented for a freon 11 as working
fluid in Pig. 2. Conservative operating oonditions were seleoted
whioh oan readily be obtained by such systems. 72°C vapour is
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is delivered by the flat plate solar collectors nnd 28%¢ liquid
by the water cooled condensor. The pressures corresponding to

these temperatures are moderate, not requiring special designs.

Idearised conditions inside 1he engine cylinders, on one side
of the piston are indicated in a diagram pressure-volume air
Fig. 3, and the corners arc not rounded as they are in the real

case.

Fig. 4 presents the actual performance of the engine with supply
pressures held constant ot 2.36, 2.70, 3.04 ‘and 3.40 atmospheres,
pressures which correspond to I-11 at temperantures of 51, 56, 60

and 65°C respectively.

The curves arc typical of enginc performance. Maximum speed is
reached at no load and as the load is increased the speed drops.
If the power output is plotted against revolutions per minute

a maximum power point is shown on each curve,

Curves fcr temperatures and pressuras higher than those presented

could be obtained, but only during a very short part of the dayl

The combination of two cylinders in a compact V arrangement makes
this engine self-starting, which is a distinct advantage when

intermittent clouds cover the sky.

1.1.3 Sun Power Systcms: This company has developed a rotative engine

mainly destincd to use indusirial waste energy. However the working
fluid, namely frcon, could be evaporated by hot water obtained from
flat plate solar collectors. The engine is based on the Rankine
cycle, A 10 kw power generation plant was visited by the Special
Technical Adviser in October 1976, which was ready for shipment to
Albugquerque in the USA, for testing by a team of consultants working
for the United Nations fnvironment Frogramme before being sent to a
project exec+iAad by this agency in Sri Lanka. According to a letter
from the manufacturer to UINIDO dated 15 November 1976, this unit is
now operaling at 10 kw power with 12 m'?/hour of water entering the
freon evaporator at 9000 and it is expected that 276 m2 net effective
surface of solar colleotors could ensure the energy necessary to heat
the water. In this plant two standard heat exchangers manufactured

by Carrier, the rzfrigeration and air conditioning firm, are used.
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An O9RH~43 model with 23 m2 heat exchange surface is used as
evaporator and an Q9RH-70 model with 35.2 m2 heat exchange surface
ie used as condensor. The engine has 1800 rpm and its weight is
about80 kg. It oparates an electric generator 1800 rpm, 60 Hz.
The engine, tacluding the ncat exchangers, the reinjection pump

and the electric generator is rather compact.

The 10 kw power is for a 55°C difference between the evaporating
and the condensing temperaturecs, but in practice such a difference
could not be obtained with a flat plate solar collector and only a
difference of about 40°C could be expected with the usual flat
plate solar collectors. The maximum expected power will then be
about 7 kw. As in the case of the SOFRTTES engines, the lubrication
is ensured by lubricant dissolved in the freon. The actual surface
of the evaporator seems to bec insufficient, particularly when the
temperature of the hot water entering the evaporator is about 70°C.
According t0 the manufacturer, one of his small px:ototypes has
been tested for 10,000 hours without significant problems. However
the test was undertaken in the proximity of the factory and not in
the field.

1.1.4 Gironnet-iNSAM engine

A fractional kw prototype reoiprocating low speecd engine has been
developed by the Gcole PFational Supérieure des Arts et Métiers.
The School is now negotiating the manufacture of a 2 kw prototype
with an industrial firm. The only technical difficulty which has
not yet been resolved is the lubrication. They can use the same
system of lubrication as that used by the SOFRETES engine or the
Sun Power Systems engine and this solution does not present any
difficulties for them, but they are trying to develop a dry
lubricating system, which they believe would be a better solutiom.

ce A e mavs
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The cost of construction of the next 2 kw prototype is esti-
mated at $4000 not including the solar collectors of which the re-~

2

quired surface is estimated at 50 - 60 m“ in a favourable solar

radiation regime.

The first prototype is being tested with compressed air, but
thie does not permit a valid evaluating. However, ite design is

simple and its expecied cost is relatively low.
1,5.5. Messerschmidt-Bblkow-Rlonm

N.B.B. Ottobrun ., is working on a 10 kw solar thermal
plant. This plant shall be an independent power station for remote
rural communities. Besides the required peak power of 10 KHE : 8
power reserve for night operation is planned whioh has been spe-
cified to 12 KHhE for a power of 1 KHE. This requirement implies
an energy storage system to be optimised. The flat-plate collectors
used by MBB for solar space heating in a pre-development phase of
about two years, will be used as solar collectors. According to the
given peak power a total collector surface of approximately 700 mz
is required (According to the meeting held between Dr. Hoffmann
of MBB and the Special Teohnical Adviser on 2 December 1976, MBB is
expeoting the possibility of reduction of the net effective surface
of snlar collectors to about 350 m2). However, the definite speci-
fiostion of the required surface highly depends on the local olimatioc
and oonsumer-oriented operating conditions and demands a oareful
harmonisation of required storage oapacity with 24 hour working
cyoles taking into oonsideration the partial-load behaviour of all
respeotive plaant components. A screw motor developed by the LINDE
company with R114 as working fluid will be used. A possible advan-
tage of this type of machine for the low power class required ooculd -
be an expected high efficiency behaviour of the displacement machine
also in the partial-load range. Low specific (kg per kw) weight,
small bulkiness and no valves should be mentioned.

The MBB flat-plate colleotor is a two-glass oollector of modu-
lar design. The outer dimensions of the absorption surface of each
module are 60 cm x 180 om = 1 n°. The absorber is made of roll-
bond aluminum, and it is proteoted agsinst oorrosion by an inhibitor.
The cuter absorber layer is a thermal point with a high absorbability

value (0.96). This paint had been developed for space appliocations.
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The rear heat insulation consists of a protected polyurethane-foam
oover. Fig. shows the typical efficiency of the flat-plate collec-
tor as a function of thc collector temperature. It is expected that
the temperature of the hot water could be 95°C.

Evaluaticn:

MBB has already assembled its prototype which has been tested
geveral times for short durations with hot water supplied by electric
boiler. Some modifications aro now under consideration. The engine
itself is very compact and is used in thé air ¢onditioning of trains.
It has been modified to be included in this plant: Obtaining 10 kw
with 95°C. Evaporating temperature of freon 114 could be possible
but it seems that obtaining this temperature is very difficult with
the conventional flat-plate solar collectors. Scphisticated tech-:
nology including the use of selective surfaces in the collectors
should be used. It has not yet been proved that such collectors
could easily be manufactured and with reasonable costs. However,
the firm MBB is open-minded about all possible changes regarding
used temperaturcs or the necessary modifications in the design of
the plant.

A further study in the summer of 1977 is recommended, when the
experiment which is necessary for a valid evaluation will be neces-

sary.

g
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1.2 Medium and high temperature solar engine

To obtain steam or vapour is the main probtlem with this type

of system. Conventional steam engines have successfully been used
in the early years of this century. Steam turbines are reliable but

a small size does not exist on the market.

The Carnot efficiency is relatively high but other efficiencies
should be taken into consideration: in the case of heliostat, for

example, the global efficiency is:

The indexes designate the following and could have the following
order of magnitude:

€ = ¢global

¢ - Carnot, depending on the used temperatures

d - Diffuse-direct solar radiation 0.80

r - reflectivity of mirror 0.80

8 - Sunset - sunrise 0.70

a - focal absorption - geometrical losses 0.70

1 - heat losses 0.70

h - clouds transient 0.80

t -  heliostat spacing factor 0.6

m - engine 0.5 - 0.8

Ther. the global efficiency could be about 5 - ' of that of
the Carnot efficiency. For example, if the steam temperature is
200°C and the condensing temperature is 30°C, the Carnot efficiency
is about 307 and the global efficiency of the system will be about
1.5 - 2.4. This means that in a favourable solar radiation regime
about 40m2 of heliostat will be needed per average kw of solar
engine during the daytime. Some firms aim to obtain 1 kw per 10—15m2
but this generally refers to peak kw (this term designates the power

delivered by the engine when solar radiation is maximal).

Many institutes are working on very large thermal power plants,

among them the following could be ment ioned:

The Centre National de la Recherche Scientifique in France, in

collaboration with Electricité de France, is working on a high tempe-
rature power station of 10 NW in which the pressure could reach
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80 bars. In early 1977, a 100 kw boi.er, which 18 being developed
Jointly by the CNRS, Babcock Wilcox, Haurtey, St. Gebain and Renault
(SERI) and using heliostats, will begin operation at Odeillo.

USA Initiation of the conmstruction of a § MW,, solar thermal test
facility .or iesting and evaluat..g components and advanced concep-~
tual designs is planned for 1976. Assessment of solar thermal systems
and t.heir economic 'viability will be continued. Studies of the
environmental and social impact of solar thermal systems will be
pursued. The design of a 10 Mile pilot plant will be initiated;

and preliminary cost estimates for this facility will be obtained.

Among the firms which have already realised a prototype of a
small steam engine, M.A.N., in +: FRG, should be mentioned.

M.A.N. in collaboration with the research institute DFVLR,
Stuttgart (FRG) are constructing a plant which consists of 12
collector rows (N-S mounting tracking the sun in one direction and
E-0 in 2 directions) with 6 parabolic trough collectors (concen-
trating factor 30) in each row. The length of a collector is 2.5 m,
the aperture 1m. The collectors are arranged on a platform which is
inclined at an angle corresponding to the latitude. The total
effective mirror arca of the prototype is about 180 m2, the working
temperature 200°C and the mean thermal energy output per day is about
700 kWh (working time from 7 a.m. to 5 p.m.). With a steam motor
and electric generator (10 ki, peak), the electric power output is
about 70 «Wh/d (overall efficiency about 64). The condensed water

has a temperature of 95°C and it is planned to use it for hot
water supply and/or space heating and air conditioning. To increase
the electrical output while decreasing the effective collector sur-
face, higher working temperatures are envisaged. The following
table shows the planning data of different stages of solar power

plants.
Prototype Ilamproved Optimised
Type series type
Effective Area me 180 130 100
'Working Temperature ¢ 200 250 300
Thermal Capacity kiWh/d 700 480 390
Electrioital Capacity kWh/d 70 69 68

Efficiencies 4




Prototype Improved

Optimised

Type series type
Collector 58 54 59
Cycle 20 24 28
Motur/Generator 50 60 63
Overall 6 8 10

According to the design, this plant could be extended in

modular construction to larger plants up to several hundreds kwe.

M.A.N. 1is also working on 2 screw mover, and it is planned

that this unit will work with supcrheated vapour of freon 114.

This firm believes that

"the chance of success with a low temperature solar engine is
very small. Contrary to concentrating collectors conventional
flat plate collectors utilise partly the diffuse radiation.
This part however, is on the average lower than 10 per cent
for the regions considered (1) and plays therefore a minor
role. Flat platc collectors have the crucial disadvantage of
strongly decreasing efficiency with increasing collector tem-
perature. Furthermore the insolation on fix tilted collectors
Thus the value of
efficiency decreases still more. An additional disadvantage
is that a low boiling working fluid such as Freon must be used.

is smaller in the morning and afternoon.

This demand expensive heat exchangers.

The thermal efficiency increases correspondingly for higher

collector temperatures. However, sufficiently high efficiencies

can ve achieved only if env.lopes reflecting *ae infrared
radiation are used (-which are expensive) or selective coatings

are applied (-which show degradation).

Pocusing collectors consist for instance of a parabolic trough
or 2 Fresnel lens concentrating the direct solar radiation on

an absorber pipe mounted in the focus line.

These collectors

have very high efficiencies - about 50 per cent ~ alrcady for
low concentrating factors between 20 and 30.

Focusing collectors must track the sun.

A further crucial advantage - contrary to flat plate collectors -

Thus the high effi~
ciency remiins nearly const-nt in the morning and afternoon.

is that conventional, available steam engines can be used
because of the higher working temperatures.”

The prototype steam engine, when visited by the Special Tech-

nical Adviser 2t the beginning of December, was being fixed on the groumd,

the solar collectors were ready and 2 refrigerating absorption

It is expected that

machine was integrated in the installation.

4
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tests will begin within onn month at the latest. Thc prototype
with thc screw erpander was assembled and it was expected that

tests wi il begin Boon.

The steam enginc utiliscd in this plant is ono of the scries
which has bzen manufactured in the 60th. Its power is grcater
than that which could be given by the available set of solar

collectors.

The evpecied break-down of the cost of the 10 kW steam engine

ITEM DM/

Steam engine + gencr~tor + framing support +
control system (engine/genemtor) 2,030, —
condensator 360, --

pumps, pipelines,; insulation, control system

(cycle) 510,—-
storage, insulation + storage-water-container 1,330,-- .
collectors 2.770,—

M 7.000,— or about 32,800

In the United Stales many smill companies hive emerged ~iming
to construct focussing solar collectors which track the sun auto-
matically. Onec of thcm, Sun Power Systems Corporation in Tempe,
Arizona, has developed oylindroporabolic solar collactore. One
of the proposed has (according to their publications) the following

performance data and specifications:

Description of system: Aluminium parapbolic troughs arranged in
geries; the amount of troughs needed per specific installation is
determincd by BIU requirements, Troughs are kept constantly focussed
on the sun by an clectronic deviee which incorporates a high-tempera-
ture defocussing capability, 2 low-temperature freeze protection,

and 2 temperature comparator which guarantces that the unit only
heats uwater in thc storage ficilily.

Trough Dimensions: (Standard size) 4' x 10' (effective arca 36.7 £t2)
Trough Surface: Annodized :luminum, gu~rantced in cxccss of Tive

Years. Dust has no significant effect on efficiency.
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BTU produced daily per £F£22 ( 32" N. Lat. 1007 sunshine)
June 21: 1885%
Deec. 21: 1149 Avg.: 1517

BIU produced daily per trough: ( 32° 1. Lat. 100, sunshine)
June 21: 6),190
Dec. 21: 42,167 Avg.: 55,679
#834 BTU are nceded to raise ono gillen of water 100°F.

Concentration ratiec: 4421
Absorber fluid: Water.

Absorber fluid flew rate: 5 grl./min., although the systom works
equally well with faster or slower flows.

Water temperature: 350°F. (Closed loop system circulat ing water

from eight collecters through n 40 gal. insulated storage tank).
Maximum operating pressure: 300 PSi.

Collector wcight: 1.5 1bs./ft.%: §5.05 1bs./trough (includos all

framing, components, water).
Absorber material: 1" hard coppor pipe with selective black coating.
Framing materinl: Tubular stoel (rectangular) .065 wall.

Tracking metor: 2.8 rpm: gear ratio 1780:1: amp load 1 amp; acourate
within 10 min. of sun: 450 in./1b.

Collector end fittings: Adaptab. ..
Storage: DNecommended storage 1.5 gal\,/f’t.z of collector.

Oriontation: North-South oriontation is preferred, but not necessary.

A flat roof is preferred, but not necessary.

Esthetics: System is very low profile; it can easily be placod
behind a parapet wall and thus bo unobtrusive.

Adaptzbility: System can be retrofitted to any existing structure.
System can be cxpinded by adding oxtra troughs, should energy demands

increase.

Maintonance: No maintenance is required. Collectors can be hosed

off occasicnally, but this is not nceessary.

Storm damage susceptibility: In ovorcase conditions troughs are
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automatically returned to night-time position to minimize storm
" damage .

Warranty: One ycar on all materizls and componcnts c:icept those

components under warranty limitations imposcd by othor manufacturers.

The problcem with these simple focussing collcctors, which
certcinly work, is that thc short duration of experience is not -
sufficient to scriously evaluate the lifetime and the performances
and the cffects of climatic conditions nnd dust. Prescnt costs of

such simple solar ccllectors arc ~bout $100 per m2.

The following comments could be stated:

- Medium and high temperaturce solar engines could usc conventional
steam engines and steam turbincs which have alrcady beon suc-
cessfully utilised for n long time (in the early ycars of this
century, Schumann installed a successful solar ste~m engine in
Egypt); but small turbines do not yot exist on the market;

- The thermnl efficiency of these cnginces is better than that
of the low temperature engines because the Carnot officiency
is higher.

- These cngincs require direct solar radiation, which is not
aluays available.

- Focussing solar collectors should track the sun and this could
be technologically resolved with ruasonable costs. No systems
have yet been tested over a long period.

- This system is expectcd to be morc succossful in the cnaso of
large rather than small installations.

- When the proble. of solar storagc has buen rcsolved to a great

extent, many of the problems of these installations which are

to be used in sunny countries could be diminished.




1.3 Hot air en,ines
Principle of the Stirliny Bigine
+) " In a convertimal engine the heat is supplied by burning a quantity
of fuel inside the.ohamber. In tlie Stirling en:ine, the heat is added
by an external flame through a heat exchanger (heater head) to the
- working gas inside the en;ine.

First a cool wolume of gas, entrapped by a piston, is compressed
(Fig. 1a) and ther heated by an external heat source (Fig. 1b),

As the gas heats, its pressure jincreases and the piston is driven
domward to turn the crankshaft. After expansion (Fig. 1¢), the

ges i8 cooled by an external cooling source (Fig., 14 ). Its
pressure decrcases; and the gas is once a;;ain conpressed., Since the
prescure during the hot expansion is much higher than during the cool
oompregcion, there iz a network output from the engine. The complete
oycle takes place in one revolution of the crankshaft as opposed to
two revolutions required by convertimgl engines.

Since exchanging the heating and cooling sources is a
oumbersome process, Robert Stirling, after whom the crcle is named,
conceived a refinement to overcome this problem. His invention
replaced the alternating use of hol and cold sources by addition
of a mechanism called a displacer piston whiclh smerves to move the
gas between a glationary hot chamber and a stationary cold chamber
(Fig. 2).

+) Extract of "The Stirling Eigine for passenger car application"
by Postma, van Giessel and Reinink t Sty of Automotive Enpineers 1973
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The displacer piston mechanism allows the heating source to be
stationary at one end of the cyljinder and the ccéling source to be
stationary at thie other end (Fiz. 3 ). When the displacer piston moves
upvards (Fig. 3a) the hot worliing gas from the upper portion of the
cylinder is first moved through the heating coil or heater tubes. The
gas ihen flows through the ccoling coil where . iz cooled until most
of the working gas is in thie cold section below the displacer piston.
Because the gas is cool, its prescure is low. Moving the piston downward
(Fige 30 ) farces tle uerking ges back through the cooling coils and into
the heater tubes tthere it is heated and forced inte the hot section
above the displacer piston. Since the gas is hot, its pressure is high.
There are no valves in the flow path, so that when the upper chamber
is at higk pressure, the lower chamber is also at high pressure,

One more addition is reguired to complete a practical Stirling
ensine. The regenerator, (Fig. 4 ) is locnted between the fixed
heating and the cooling sources and stores otherwise wasted heat

during the cooling process and permits recovery of the heat during

the heating phase. This stored heat is equal to several times the
heat added from the outside heat source.

Fig. 95 shows the displacer section combined with the power
gection te form the basic Stirling cycle power unit. Fig. Sa
shows the cooled (zas bein;; compreused by the poyer piston as in
a convential internal combustion engine. In Fige 5b , the
compreased gas is being heated and iis pressure increased because
the displacer piston is movi~g a portion of’ the gas into the upper
or hot rart of the displacer wection. The prescure increase is
felt on the lower piston. In Fig. 5c¢ the hot, hih precsure gas
has completed its hcating cycle due to the descending displacer
piston and the power piston has coribleted its power astroke driven
by a high pressure jas. Fig. 5d shows the displacer piston moving
upward to force the vorkings gas into the cool portion of the chamber,
thus decreasing its pressure. The power piston is now ready to
repeat the compression stroke and *he cycle is completed.,

The remaining mechanisms required to form a simple Stirling
oycle are those needed for driving the disnlacer piston at a .
fixed relationship to the power pistop ( 90o out~of-phase ) (Eig. 6 ).

This can be done by a crank and chain,
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. . $losed crcle hot air engine
1.3.1, Philips solur hot air engine

Philips has developed small hot air engines in the past; one
engine of 1 horse power at 1500 rpm has bcen modified by KHANA in

India to be experimented with solar energy. The heating system,

in the form of a cylindrical head of 6 cm diameter, designed to burn
kerozeze o0il, wes removed and concentrated soler energy was used to
heat the en:sine. A set of mirror reflectors with a surface of 8 m2
has been usod, the en. ine corld operate a 200 watt electric generator,

The theearctical efficiency of the Stirling cycle could not be reached,

143.2 Farber closcd cycle het air engine

Several prototypes have been developed in the Solar Energy
and Dneryy Conversion Laboratory in the University »f Florida. One
interestin;: prototype is a supcrcharged, water—injocted solar hot air
engine in which an adjustable checkvalve allows the engine to super-
charge itself hy drawing in fresh air or water during the below-
atmospheric pressure part »f the cyele.

The en ' ine could be used with solar enersy and can be used |
directly without modif'icatior. to burn wood, coal or liquid fuels.

If used with solar cncrgy it is only noccusary to open the door and
to concentrate the solar cner:y upon the end of the displacer cylinder
inside the furnace bex, This engine can be built with very simple
machine tools.

A displacer cylinder is mounted on top, which has an ingide
diamcter of 2 3/4 inches and is 10 1/8 inches long internally.
Ingide this displacer cylinder moves a displacer with an outside
diemcter of 2 11/16 inches and a length of 8 inches. The displacer,
wit a stroke of 2 inches, has enough clearance both radially and
at the ends to move freely in the displacer cylindoer.

The displacer cylinder is designed so that it can be heated at
one end by gas, o0il, solar cnergy, ctc. and cooled at the other end
by air or by a watcr jacket ( closed or open circuit ). The ,
displacer is moved by a & inch rod ertering through a sleeve bushing.
The present improvements resulted at lcast in part from the

difficulty of kceping the bushing absolutely gas tight without

introducing unneccssary friction,




The displacer cylindor is coniaceted by a 3/4 inch pipe nipple to the
power cylinder with a piston of 2 3/8 inches diamcter and a
stroke of 1 % inches.

The linkage betwezn the displacer “end e pover piston allows
timing of thc engine. For normal nperation the displacor leads the
power piston by about 100 derrces,

he operation of the engine depends upon the altcrnate hoating
and ecooling of the worliing Flvid. When the fluid is heated, pressuro
builds up and tien pushes thic power piston down. When the working
fluid is cooled, tiic pressurc in the ongine decreases, allowing the
pouer piston to be returned by thc enercy stored in tho flywheel.

The alternate heating and cooling of the working fluid is
aceomplished by tlic displacor moving the worl:ing fluid back and fopth
between the hot walls and the cold walls of the displacer cylinder.

Tne perforrance of the engine is furthor helped by regeneration
alonz the displacer and the displecer cylinder walls. Heat is stored
in those walls during part nf thc cycle to be roleased and used
during another. The working lluid, streaming back and forth,
alternately giving off this heat and then absorbing it later thus
preventing it from leaving the aystem, providos internal rogonoration,

The engine is ptarted when the pressure inside is equal to
atmospheric pressure. So during opcraticn, for part of the crele, it
will Aip below atmospheric pressurc. During the opcration of tho
engine under normal conditions this dipping below atmospheric pressure
during part of the cycle is cnheonecd by leakago of the working
fluid (air) through the dieplacer rod bushing, out- during the
high pressure part of the cycle and ir - during the bolow atmospheric
pressure part of the cycle.

Efforts have boen made to prevent or minimisc this lcakago but
it was found quitc diflicult to do this and have it continuo,
without inercasing the friction lessce considerably. For this roason
two altornative methods of solving the problom were developed and they

are deseribed below.




Air injection: Since, it was not casy te climinate the leakage
during the high precsurc part of the cycle, a cmall adjustable ball
checl' valve was installed as shown in Fige 1, This made it casy
for fresh air to cawer the sr3tem quickly durin © the below-
atmosphcrie pressure part off the cycle. Yhis very simple addition
allowcd thn erpine to opurate with a larger averege amount of working
fluid resultiag in higher power output.

Hater injeetion: When the inlet to tho small adjustable ball
check valve was dipped into vatler, water weo injected into tho system
rather than air. This allowed oven larcer amounts of fluid to be
addcd to the system, since it wa<s added in the liquid phase, resulting
in even greater incrcescs in power output. Another advantage of wator
injcetion (or oticw liguids) is that it cnhances thc heat transfer
at tho hot end arceatly,

The coneclusions of the authior are the following:

- Self~-acting air or watoer injection can cencicorably improve

the perfornance of thc simplc clored eyele hot air engines,

- Water injection is more cffoctive becausc it allows largor
quantities of fluid to be injccted anc it incrcascs the hoat transfer
at the hot end of the ecnzine through phasc chanre.

- Engines of the type duseribed here ean be clacsificd as "Hybrid"
gince thcy combine the advantages of the Stirligg cyelc with those

of others.

Open cycle hot air engrine

The engine takes atmocpheric air, compresscs it, then hcats it
by solar cnergy; the compressed air cxpands and oxhausts:in the
atmosphcere. A compressor is combined with the enzine (which could
also bc a turhine), The advantage of this sysiom is that tho heating
recime of the air and tho speed of the cigine are independent.

1.3.3 KHAIIA ongine

A siall spen-cycle hotezir cngine was dismantlod from an old
korosane oil-opcrated fan and was overhaulod. Its worn-out parts
woro replaced and suitablc modifications werce carried out before
its use. It opereated at an avcrage speed of 250 rpm. Heat at the cold ed
was dissipated through large thick fins cast alons with the body

of thc engine. To give smooth and continuous running, a 1
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thick hollow disc, which formed the falsc bottom, was slipped over
the bottom of thc exparder cylindor, Thec disc was made of copper
shect and the cmpty spacc was £illed with dry sand. It formed o ,
perf.ct fit and cnsurcd complcto contget betwewn the metal surfacos.
The entire cylinder length of 8. inch including the false bottom
was ocncloscd in a pyrex glass tube closed at ono cnd and of slightly
larger diamotcer. Both these arrangements helped to raise the
temperaturc of thc hot cnd and to realise unintcrrupted and steady
running of thc ongine.

Couplcd to a small rcciprocating water pump, this engine was
suitably mountcd with tho thrce mectal reflcctors described above nnd
uscd for cxperimonts on punping water, from different depths. The
coupled unit devecloped about 1/16 hepe and not 1/8 h.p. as

oxpected according to somc authors.

Lator, anothcr hot—air engine of ncarly double the capacity
of thc onc used carlier was procured, modified and mountod in the
vortical position on ai iron tripod stand. It was used with plane—

glass-mirror concentrators. Couplod to thc watcr pump, the ongine

developed about 1[8 heps A small cylindrical parabolic mctal
roflector was placed behind the eylinder to hoelp heat the hot end

of the onginc uniformly and therebhy ensure its smooth running.

1¢3.4 Farber enging

A prototype has bcen r.alised in thc Laberetory of, Solar
Energy and Solar Encrgy Conversion at Florida University.
Comments:

The open cycle hot air engine, although having a speed. depending
on the regime of heat exchange, seems to be more reliable and

easier to manufacture in developing countries.
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Solar pumping

Convartimal pumps cculd be opcrated by solar engines; howover,
prototypes of installations for pumping water without moving parts
arc uweing developed in the birla Institutc of uechnelogy and Science,

at Pilani, India.

Principlo: A mixture of petreloum liquids with a boiling
temperature range of 350 to 40e is evaperatod in flat plato solar
collcctors and then flows to a closcd tank full of water which is
gituated in a wall. The pressuro of the werking fluid allows the water
te risc to an upper lecvel, depending on the pressure of the mixture,
Tho vapour could condensc during the night in the solar collectors,
This discontinuous modc of pumping is very simple but the quantity
of pumped weter is rclatively small. The vapeur could also be |
cendensod by flewing to a condenser cooled by the pumped water.
In using 2 wator tanks, a sct of valves adequetcly centrolled, somi-
continuous pumping ceuld be ebtzined. Becides the collecter and the
flash tank, thcre arc two wator tanks located close to the water
source and a condensor at ground lcvel., The pipe-nctwoerk inter-
cenneeting the tanks is as shown in Fig. 1.

he working fluid drawn into the collector is vapourised and
rcturnod to the flesh tank. To start with, it is assumod that the
wator tanks aro full ef watcer. The vapour from the flask tank is let
inte enc of tho water tanks, thoreby pumping ic effccted. Tho
discharging water condenscr the vapour in the shcell #ideée as it
goos through the condensor coils. Aftcr tho first tank is emptied,
tho vapour is switched over to tho second tank. Simultanoously the
first tank is connccted to the condensor. The vapour of the first
tank is condonced by the water that is Leing pumped from tho second
tank. As condcnsation procceds, the pressuro in the first tank
roduces and water cntere through the non-roturn valve, Thus, as the
socond tank is crptying the first ono is being filled. On reversing
the cyclo, by manipulation of the valves, the first tank will pump
while thc socond onc draws water. This way) continuoue pumping of

water can be achicvede.
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To prcvont working fluid going into the weter line, a wertor |
seal is zlvoys maintained inside the wator tanis. The working fluid
which is condensed in the weter tank cen be pumped at the start
of orcil cycle to the condenser o Pwiping of the condensate is dona by
the condenscte reotrieval valve, which ig similar in principle wo o
steam trap. Further this can e transforred to Ilagh tank, poriodicaly
or at the end of the day, by prcssure equalisation.

The copecity of the pump ~an e incrcaped by acdding more
collcctors. This a&lfocts only tiw cryele timee

The working fluid should be
- imniscible with wvatcr
- having norm:) Loiling point slightly highcer than tae

atmrsphoric tempereturo;

- non~toxic §
- non-inflamnablc .
- cheap and rondily available.

Pentanc fulfils 2ll the recquircments except for its
infleommability. '
A petroleum fraction having a closc boiling rango with propertics
gimilar to th~t of pentonce will be cheapor and more readily availahl -
than pentane. The petrolecum fraction, which is a mixture of
hydrocerbons, offers an ~dditional advantage. It can bLe tpilor-made
to suit the atmospheric conditions of a particular region. For
example in a resion where the night temperaturo. ere arcund 2°c
and the day tonperatures arc 150 C, by choosing mixture which has
more of light hydrocarbons of boiling renge 15—200 C even at very
low solar collector tempcrature, pumping of water cen be achieved
to a considerable heirht. In regions like Pilani (located at the
odge of the Thar Desort) whore oxtreme climatic conditions occur
tho working fluid propcerties con be modified to suit scasonal
variations by adding siell mmounts of 1lizht or hoavy hydrocarbons to
get high performance of the pwap.

Solubility of the working fluid: strictly speaking sny two

fluids are mutually solublc in each other to some extent, hcnco

continuous contact with fresh water in each cyclo results in some
loss of working fluid. Fortun~tely, thc working conditions in tho
pump arc such that close to intoerfaco tho fluid is still for most
of the time resulting in veory lcw mess transfer rates and as a

consequonce, there will YHe noglisible loss of wvorking fluid.
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Mr. D.P. Rao, who is developing this technique of solar
pumping, has proposed many theoretical solutions, one of which
is the following:

100 m° flat plate solar collectors, 150 mB/day of pumped
water with manometric head oi' 18 m., two water tanks each with
a diameter of 90 cm, and a height of 150 cm. With a cost of
135/m2 of solar collector, the cost of such a pumping installation
is estimated at "6,000.

Comments:

These prototypes are promising, and detailed results of the
experimentation are expected by the end of 1976. Many technologioal
problems tave not yet been solved, in particular the control of
the system of valves, the present proposed elaectrical control does

not meet the requiremcnts of a rurzl solar pump which should be

independent of any external source of power.
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2. DIRECT CONVERSION OF SOLAR ENERGY INTO ELECTRICAL ENERGY

The photovoltaic cells operatc on the principle that semi-
conductors producc 2n electric potential when they are illuminated
by the sclar radintion. The sili~one and CdS photoralls are the best
known on the markct. Iupurtant R and D programmes are undertaken
to improve the performances, to simplify the teohnology and to re-
duce the cost. One could speak in terms of a cost of 315,000/pea.k
kw in 1976. Rescarch programmes aim to reduce this cost to $8,000
in 1980 and to some hundred dollars in 1985.

The silicone cells have been provem to hive a long lifetime,
but that of the CdS colls still scems to be questionable.

It is felt that in the present state of the art, the available
technology is still too sophisticated for the majority of developing
countries, and that manufacturs uven of a small series could not be
planned for the medium term. [For those reasons this mbject will
not be further discussed in this report, in spite of its very pro-

mising future.




- 40 -

3.  SOLAR REFRIGERATION AID SPACE AIR CONDITIONING

Air conditioning designates the treatment and handling of air
to obtain in the conditinned space well-defined values of temperature,
humidity. velocity and purity of the air. Only the cooling aspect
will be considered “ev~ =~ *he conlar refrigeration and space air
conditioning could be ascociated. The temperature is generally
lower in the casc of refrigeration, especially when speaking in .
terms of ice production or .he majority of cases of food preservation.
Well-defined values of temperature and humidity could not be ob-
tained in the case of air conditioning without an external source

of energy to operate fans, pumps and coatrol systems.

Solar refrigeration could be achieved through a solar engine
operating a conveniional compressor but in this report only absorp-
tion machines heated by solar energy will be discussed. This kind
of machine c~uld have a continuous or intermittent functioning
regime. In the continuous regime an exteriil source of power is
necessary at least to operate the pumps and control syster. The
best known fluids used in the present state of the art are ammonia-
wat®r and lithium bromide-watcer. The first combination is more
suitable for low temperatures which could be obtained with flat

plate solar collectors.

Principle of operation (Fig. 1)

Let us consider the combina* ' on of NH3 - H20. The mixture
NH3 - H?O 15 heated airectliy by solar energy in the generator
(voiler) or indirectly by water heated by solar cnergy. When
the temperaturc of the mixture rises, the NH3 begins to evaporate
because the water can absorb less ammonia when its temperature
increases. The vapour flows to a condcnsor (2), which is water-
or air-cooled, where it condenses. The operation now becomes similar
to that in 2 conventional refrigeration system with compressor. A
sub-cooled liquid is available in the outlet of the condensor. The
pressure of thc ammonia; which increases when the temperature increases
ie controlled by the condensing temperature. The liquid expands Y
through a valve and begins to evaporatc: itm temperature and pressure
decrease. The cold and low pressurc vapour reaches the evaporater,

in which it absorbs the heat of the product to be cooled (chilling

water for air conditioning purposes, brine for ice production. . .)
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The temperature of thc vapour increases ~nd it flows to an absorber
where it meets 21 spray of 1 weik mixture of NH3 - H20 and 1t is
absorbed. (A ucak mixturc dcsignatoes a low conceniration of ammonia
in the water). The phenomenon of ibsorption is exothermic, and in
order to kecep the temperaturc of the mixturs in th¢ absorber within
the limits permitting the desired concentration to be obtained, the
absorber should be coolecd. The concantration of the mixture increases
and it 1s pumped to the gunerator {1, and the cycle ic closed. This
operation could be continuous cr intermittcent where operatiens should

be interruptod for rocharging.

From this schemitic description the following remnrks could bo
made:
- cooling 1s necaessary in th: condensor and in the absorter.
Cooling by naturil convection remuires very large surfaces of
heat exchangers;
- powered pump{s) is necessary it loast to pump the mi:ture from
the absorber to the generator. Thermosyphon, if applicable, ‘
greatly decrcases the productivity: v
- operating should be continuous in the case of solar air con-
ditioning: nd
- a heat cxchanger between the condensor and the absorber could

improve the productivity.

Some cxperiments arc t - king place (for example at the Refrigora-
tion Institute of the Technical University at Dclfi, in the Netherlands)
for producing 4 Kg of ice per day with 2 m2 of flat plate solar
collcctor, with an intermittent absorption machine NH3 - H20 indepondent
of any cxternal sourcc of power. Condensation of the ammonia vapour
is obtained during the night by sky radiation through the flat plate

solar collector.

First Case Study: An Intermittent NH, - H.0 solar refrigeration

system, Farber Solar Encrgy and Energy Conversion

Laboratory, University of Florida

A 4 x 4 ft. flat plate solar collcctor acts as generator. It |
consists of a1 one inch steel pipe running from 2 1 1/4 inch bottom |
header to a 2 1/2 inch top header. The one inch stecel pipes were
spaced on 4 inch centers and soldercd to 2 2C -@u x galvanized iron

sheet. This clement was then placed into a g .:-anized sheet metal
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box with a single glass cover and one inch of styrofoam insulation

behind the solar absorber - ammonin gencrator olement.

The complete unit was incline 30 degrees with the horizontal,
a compromisc to provide both good solar collection and good two
phase flcw nnd heat transfer chaiacteristics in the inclined tubes
running from bottom to top. Since the unit is stationary it was

faced south to give the best average oricntation for the whole day.

Condenser: The condenser consists of o 3 inch pipe shell con-
taining 4 standard 1/2 inch black iron pipes, 48 inches long pro-

viding a hecat surface of 3.5 square feet.

Evaporator: The cvaporator is made from 2 4 inch pipe shell
containing 7 standard 1/2 inch black iron pipes, 48 inches long

providing 2 heat transfer surfaco of 6.15 scquare feet.

Ammonia Absorber: The absorber was fabricated from 2 6 inch
pipe shell containing 11 standard 1/2 nch blaok iron pipes, 36
inches long, providing 4 6.16 square fect of heat transfer surface
which in addition scrves as support for the liquid film in which

part of the ammonin vapor is reabsorbed.

Ice Box: The ice production and storage unit is a gnlvanized
sheet mctal box 1 1/2 x 1 1/2 x 1 1/2 feet vith four inches of styro-

foam insulation around it, protecied by 2 thin plywood outer layer.

Head Exchanger: The heat cvchanger is a simple, single pass,

counter tlow, doublc tubs type.

Pumps: The circulating pump for the watcr antifreeze solution is

of the standard centrifugal type.

The ammonia-wator solution circulating pump is of tho rotary,
nylon roller type. A bypass loop on the pump allows control of the

amount of solution distributed to the various parts.

Auxiliary Bqu:pment: Four valves in the systcm in addition to
the expansion valve allowed control of the flow rates in different

sectione of the system.

Numerous pressure gwuges, thermomcicrs and thermocouples and
liquid level sight glasses allowed the monitoring of the conditions

of the system at all times.

E ]
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The ammenia-water solution concentrations vorying from 48 to 60

percent of ammoniz by weight.

The system was hydrostatically tosted to 2 pressure of 300 1bs/in2
to be considored safce for operating pressures in the low two hundreds.
This corresponds to - tomperaiur: in the golar ibsorber - ammonia

o
generator of about 150 10,

To frceze the water in the metal container in the ice box, the »
design temperaturc of the cvaporator was between 15 and 20°F or a

pressurc in the neighborhood of 40 psin.

Pigurc 2 presents the input as well e the results of the operation
on July 6, 1968. It wns = perfectly clear day olthough a considerable
amount of snlar cnergy arrived 23 diffused duc to the high moisture
content in the atmospherc. An indicntion of thic fact was the slight
temperature incrcase of the solar absorber -- ammonia generator even

before the dircct cunshine hit the front surfacce of the unit.

In Pigure 3 the total energy arriving on cach square foot of |
the solar absorber - nmmonia generator unit is given for any hour
of the day. 1

At the start of the day the expansion valve was closed and the
gystem was allowed to warm up. The heat capacity of the solar absorber -
ammonia gocnerator is about 46 Btu/F which had to be supplied at the |

beginning of the day during warm-up for ¢ .ch degree temperaturc rise.

Part of this cnergy wuas roturned to the system in the late aftor-
noon hours when the stored heat was roleased duc to the drop in

temperature.

The cffective control of the pressures and tomperatures in the
solar refrigeration system vas produced by varying the flow rates

in the different parts of the system by adjusting the various valves.

Because of the pressurc limitations of the system the solar .

: . 0
absorber - mmonin generator temperaturc wae limited to about 150 F.

The ammonia ovaporntor temperaturc was held between 15 and 20°F.

Operating the solar refrigeration system as shown in Figure

about 39,300 Btu {ell upon the solar absorber - ammonia generator

during that dry. Allowing temperatures of the awmmonin - water solu-

tion up to about 150°F and concontrations in the systcm from 48 to 60




percent of zmmonia by weight, 41 1lbs of ice were produced that day.
This is 2.56 1bc for oiwch square feot of solar collector surface per
day.

Conclusions of the ~uilor:

- The work described in this paper demonsiratcs thnat 3 compact
golar refrigeration unit can be designed and constructed giving
satisfactory performance.

- 8 onsiderable amount of solar cnergy can be collected oven on
cloudy days hy the [1-t pl-tce colar collector and operation of
tho colar refriger-tion system is poseible 2t solar absorber
temper2turcs e low am 110017‘.

- Utilizing Solar Encrgy to producc icc solves the problem of
storagc and ot the swme time makes the benefit of the unit
uscable at scveral places =t the same time.

- The unit 4 fect by 4 feet c-n produce better than 40 lbs of
ice from 75°F water on 7 good day.

- Combining the solar collcetor and the ~mmonia gencrator into
one unit climinntes the rather large heit losses between the
solar absorber and the wamoniy generator, obscrved on previous
systems.

- The ertensive theorctical annlysis of the system, especially
for the combined solar ~bsorber - ammonin generator reported
clsewherc; has shovn that the decign can be theoretically

determined nnd the desired performancc obtained.
Comments:

- combining solar absorber and ammonia generator in one unit is
interesting vhen this concerns small units but in the case of
large units, problums of circulation of the 2 phase fluid and
of tightness could arice:

- The maximuin productivity is ~bout 20 kg of ice per day for a
system including 2 pumps operated by crternal sources of power
and = w~ior cooling condensor and ~bsorber. This means that
only about 2,500 keal per day of cooling arc dclivered by the
system. This corrvsponds to 2bout 1 KWH and A part of this

is deliverced in the form of mechanieal or electrical power.




t 813

‘2wt ]l ung

sSINOY

Solar Insolation Upon the

Solar Absorber, Btu/hr,ft2

Generator Pressure, Pg psia; Generator Temperature,

001

o
Ts F.

N
o
o
4
||

-+ 00t

-y
®
(-]
[
(-
(o]
-
o
N
2 S
[/ o}
~00
[ odie M}
- [« -
» B OO s
~ " ﬂJ'? o® O
: st ot P
v _ ‘ue P
. conw ~ e vy
L e lia X Blad T 3
" Q >R M
588 X 1
b [ I ] [~ 25 ]
(- P A Hﬂgﬂ
e} kgb‘
ot
ot N oTe
~ - 0 :
[
[+
[
(")
[
8 o
-k 2 ‘ A l
[ 4 ' + ‘ & _r
[l [ V) W

Total Ice Produced per £12

Ammonia Generation Rate,

of 8olar Absorber Surface

1bs/day

Qe e T




EEMEAT e

Sacond Case Study: An Air-Coolcd Anmonir-witcr Absorption Air

Conditionicr At Low Generator Temperaturos; by

Kim Dag ot al.; Encrgy and Environment Division,

Lawrence Berkely Lnboratory University of
Californin, aly 1976

Goneral Description of the Erperimental System

An ammonia-water absorption air conditioning system has been
fabricated and tested as part of .n ERDA-supported project at the
Lawrenco Berkcley Laborntory. fG'he systom wos designed Lo operato
at gonerator tomperaturcs in the range of 175 to 210OF, compatible with

tho tempersturc range of flat-plate solar collectors.

The air conditioncr was coasliructed using a3 2 base the con-
donser, absorber, precoolcr, cvaporitor wnd the solution pump
components from nn Arkla grs-Tired ammenin-water absorption water
chiller (Model ACB-60-00) which had 1 nominnl cooling capacity of
5 tons. The total power of the pumps and fan is 1,6 kw., The fabri-
cation consisted of the addition of the following componenis:
genorator, prcheater, rectifier, storoge tanks,; adjustable oxpansion
valves and measurement instruments (6 pressurc gawes, 25 thormo-
couples, 2 rotamcters nnd 2 sampling tubcs for concentration measuro-

mont ).

The senerator was n packced tower counter-flow heat cexchanger.
The stro. ; solution dripped down Lhrough the steel nall-ring
packing, making contact with four hot water coils in parallel. The
total outside surfacc area of the water coils was 36 ftz.' The con-
denser and 2bsorber wore air-cooled, finned-tube, cross-flow heat
cxchangers with total outsido tube area of 14 and 22 ftz, respoctively.

The fins were 0.01" thick aluminum sheets spacod at 14 fins por inch,
Experimental Rosults:

The unit was staricd by pumping hot water at constant inlet
temperaturc through the gonorator coils. The condenser-absorber fan
and the solution pumps were turned-on when the generator pressure
reached about 150 psig. It took about 15 minutes to warm up the
systom to ~pproich running conditions. (The charge of solution in
the systom was about 35 lbs at 55, ammonit concentration.) The flow

rates of ammonia and of the weak solution werc then roadjusted, by




means of expansion valves, to desired values.

All runs made during the initial testing stage served to confirm
cycle calculations based on the assumption of equilibrium states.
That is, given the measured mase flow ratos and the measured pressures
and temperatures, the encrgy balancis between the components can be
satisfied within experimental crror (about + 57) by using the
thermodynamic equilibrium enthalpies. The mass balances can be
satisficd by using the equilibrium enthalpies. The mass balances can

be satisfied by using the equilibrium concentrations.,

The system operation was very stable., No appreciable changes
were observed after hours of operation. The stability of operation
extended to circulation ratios as high as 27 pounds of absorbant

per pound of refrigerant.

Operating the system at near cut—off conditions (i.e., 2\Xx close
to zero, where x is the concentration 1lb of NHB/lb. of solution)
demands more power and a larger pump to circulate the solution.
Therefore imposing a limit on the pumping power, say, to 1/70 watt
per Btu/hr of cooling load, constrains £Ax to values above 0.03,
or the circulation ratio to values of less than 16 (assuming a pump
efficiency of 407).

Figure (1) shows a graph of the equation for P = 3 psi,

Hx = 0,03, and 'I‘A = TC; where TA

and Tcof the condensor. This g: iph summarises the possible

is the temperature of the absorber

operating temperatures for an NHB - H20 absorption air conditiomer.
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Figure 2: Tg as a function of T, and T)=T. for a pressure
drop across the absorgcr of 3 psi and a con-
centration dif{crence of 0.03.




For acceptable cooling and dehumidification of the conditioned
2ir using reasonably-sized chilled water coils, TE is limited to
'I‘E<47°F. Inerponsive flat plate collectors may reasonably limit
the generating temperaturc to Tg L 195°P.

The above practical constraiats combine to recuire condensing
and 2bsorbing temperatures below 110°F. The constraint To < TA(
110°P can be met by doubling both thc cooling air flow rates and
the sizo of the condenser-absorber, compared to those used in con-
ventional gas-fired systems using finned-tube condenser and absorber.
(These conditions are essentinlly satisfied 1lready for the cxperi-
ment 1l chiller, since the -iused condonscr, absorber, and fan
from a2 conventional 5-ton chiller for our 3-ton solar unit.)
Doubling the cooling air flow rates is 2 must, but new designs of
more efficiont condenser-absorbers miy reduce the requirement of
doubling the size (and cost) of these heit exchangers. Doubling
the cooling air flow ratcs typically increases the power of the
fan from 1/140 to 1/70 watt per Btu/hr of cooling, making the total
power consumption equivalent to 35 Btu/hr of cooling per watt of
electrical power input (1s comparcd to a rating of about 8 Btu/hr

per watt for a mechanical compressor unit).

The COP deponds strongly

on e and x, and is quite inscnsitive to the values of the remaining

PH
pirameters. To hawo A COP> 0.65 with x = 0.03, the preheater
effectiveness °pH must be 2t least )05. This value of Cpy is

not expensive to achieve, since therc is sufficient pressurc in the
weak solution line to promote high heat transfer coefficicnts. A
high value of °pH

absorber the heat contained in the weak solution.

is a nmust in ordor to awoid dumping into the

Conclusior of the authors:

It has been demonstrated cxperimentally that it is technically
feasible to use the ammonia-water ibsorption cycle for cooling, with

2 heat source tcemperature below 200°F and 2 heat sink temperature

(using 2ir cooling) below 110°F.
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Third Case Study: Li-br sclar Absorption Air conditioning System
by IMummy wnd Scpsi, Ohio State University USA, 1975

The system wis designed te provide the air conditioning of A
single story laboratory 2200 ft2 built over 2 4 foot deep crawl spaco.
In ~ddit.on to the 2700 sqare fi~t of conditioned space; there are
3 enclosed, but unoonditioned, courtyards. The perimeter window
arex of the home is limitcd to 6 vision strips or 18 smuare fect of
glass area. Nilural lighting originates primarily from the courtyards.
The building w:ll 2nd flit roof framing members are steel, wnd
support, in additien to Lhe conventional building loads, over 3300
pounde of collector, framirg and piping load. The walls and roof
are insulz2ted with 2 inchcs and 3 inches of e¢nlked jeint styrofoam
to minimize infiltration nd heat transfer with the outside. The
U values for the composite w-ll and roof sections are 0.07 and 0.05
Btu/hrfteoF regpectively.

The roof mounted collectors 7re oriented due south and are
tilted up 450 from ithe horizontil. The collector array consists
of 37 PPG basclinc collectors (660 sq ft) 111 connected in parallel.
The collectors are constructed with two shects of 1/8 inch thick
tempered glass over 41 flat black ~luminum roll-bonded absorber.
Heat loss from thc back of the colluctor is controlled with 3—1/2
inches of fibirous gliss insul:tion. The plumbing in the system is
copper with di-clectric unions at cach of the two connections per
aolar co icetor. Great caire wae aken at start up o flush the
system ~nd fill it with distilled water. The system was nperated
this wiy for onc year, then modified to accommodate 1 glycol-water

collect~r lnop working fluid.

The thermal cnergy storage system consists of two 5 foot
diameter by 12 foot long stecl storage tanks lined with 2 Tinkolite
coating. The horizontally mountcd tanks re in the crawl space
under onc of the courtyards. The cntire courtyard volume around
the tanks was filled in place with 2 urathane foxn to minimize

energy lossus.

An Arkla 3 ton (9000 Kcal/h) Lithium-Bromide—-watur absorption

direct expinsion machine, modificd by Arkla Industrics to operate on




hot water, is the solar cooling machinc. Circulation within the
machine occurs 18 2 result of the thermil syphon pump cffect, thus

o . 0
reaquiring generator inlet temperatures of 190°F or more to start

circulation. In 1ddition to the hot water heat source, the cooling
machine : :quircs 2 cool witcer he:.. sink. The heat rcjection is accom-
plished with 1 7—1/2 ton Marley ccoling tower. The presence of

this unit 2dds two cnergy consuming moters to the operation, o

1/2 HP cooling urter pump wnd 1 1/3 HP cooling tower fan.

Figurc 1 gives the collector cfficicency s 2 function of tho
chzrmcteristics_/:,;/}m. The ~bsorption conoling michine requires
steudy 59,000 Btu/hr to supply 36,000 Btu/hr of cooling. Under these
conditions, the collector arriy must L. collecting 83 Btu/h..ftz.
In the event the ambient temporature is 90°F and the collector inlet fluid

0 ; .
temperature 105 C (4 M\ = 95):then the collector effioiency required at

300 Btu/hr ft? is 287.which clearly pushes the array to its limit,

The oarly swmmoer of 1975 storage tank temperatures never
exceedod 16OOF, and conscoucntly no solar cooling was done. A
check of the storige tank losscs reveiled 2 rather severe heat
loss problem. With an ~dermunte system of contrcl, it was possible
to obtain 200°F water periodic:lly, howoever the system was ex~
tremely sensitive to passing clouds. A pissing cloud would ciuse
the flux to drop radicnlly and the cellector losses caused the
loop temperature to drop rapidly. The metor operatcd control
valves we e unnble to ruspond to such operating coriitions, therec-

fore this mode of operation wac abandoned.

The T~ble hercafter prescnts 2 comparison between the energy
required with 2 conventional vapor cempression michine wnd with an
absorption machine. This comparison shows that 3 times as much cnergy

is required in the cass of absorpticn cooling.

Absorption Cooling Vapor Compression

(Btu/hr) (Btu/hr)

Solar C 1llector Pump 1900 Compressor - 18430

Mechanic~l Room Pump 425 Wlower - 2200
’-\

Generator Pump 1200 Cuiqensor Fan - 2100

Arkla Blower 1300

Cooling Water Pump 1200 22730
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Cooling Tower Blower - 850 Cooling Delivered: 40,000
Heat Input - 55000

cop = 1076
62475

Cooling Dolivercd: 36,000

c 0.58

op = 36000

62475

Comments:

- To obtain 36,000 BTU/hour cooling, it is necessary to use six
electric engines consuming 7475 BTU/hour in the case of the
absorption machine. For the same cooling capacity in a
conventional system, the consumed energy by 3 eleotrio engines
is 20475 BTU/hour. The use of solar energy saves about 13,000
BTU/hour or about 63% of the total electrical energy necessary
in the case of a conventional system. This result is not
negligible;

Lithium-Bromide requires a minimum temperature of about 90°C

which is very difficult to obtain with flat plate solar collectors,
in the present state of the art, unless very expensive selective
material is used;

The system is bulky;
The system isttoo complicateq (6 independent engines);

The control system is it least as complicated as that of the
conventional engine.




4. SOLAR SPACE HEATING

Two modes of solar space heating are usually employed when

solar energy ic utilised:
Passive syntem:
The principle: of this type of heating is shown in Pig. 1.

Solar radiation heats the absorbing surface B, constituted
by a dark surfacz of the walls, which is generally oriented towards
the sovih (in th> northern hemisphere). The distance between this
absorting surface and thc double sheet glass A, constitutes a duct
in which air warms up and rises by thermosyphun and then enters
the space to 2 heated by an apertur: in the upper part of the
wall., It heats the space, drops and returns to the duct by an aper-
ture at the bottom of the wall.

Such a simple d=2sign ic easy to construct. The walls consti-
tute the storage system. At Odeillo in thc south cf France, such
gystems have supplied 60-70,° of the total energy necessary for heating

Furpocis.
botive system:

Water ie heated in flal solar collectors and is circulated
thrcough a storage tank into radiators or convectors located in the
spacs to be heated. Hot water could also feed coils,; onto which

air is Town and heating of the -.pace is thus achicved by hot air.

In normal climatic conditions an auxiliary source of heat

other thza sclar energy could generally be used. (Fig. 2)

Much developmcent work has been undertaken in the field of
solor hecating in dcveloped and developing countries: USA; FRG,

Netherlands, France, India, etc.

From the technological point of view this system is already
operational. Nevertheless R and D programmes are being undertaken
to improve the performunce, to find bvetter architectural solutions,

and. to reduce the cost.

In many cares, as in conventional heating systems, domestic

hot water could be associated to the solar water heating.




A. sheetl glasu
B, absocsbing surface
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5. SOLAR WATER HEATING

Solar water heaters are already used on a relatively large
gcale in Japan, the USA, Australia; Cyprus etc. They have already
passed the phase of R and D ind pilot projects and the technology
is reliable and iell-known. Several models erist on the inter-
national market. The most usual sizc has 2 m2 flat plate solar

collector and 200 litres tank storage.

In miny countries solar water heaters could supply the total
necessary hot sanitary water for domestic purposes all year round;
in other countries with a less favourable solar radiation regime,

it should be associated with 2 couveniional source of energy.

The development of the utilization of solar water heaters is
conditioned by the development of flat plate solar collectors which
could serve other purposes, such as solar space heating, solar

engines; etc.

Ar an example, the solar water heater developed by the Brace
Research Institute of MacGill University, Canada, "How to build a ' |
solar water heater", revised in February 1973, could be classified
as ndequate for a wide rainge of developing countries. A scheme

of this henter is given in Fig. 1.
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SOLA™ YWATTT DISTILLATIOV

Goneral considerations

Distilletion of seca arlredkish water could be obtainod by solar
etills or by conventimal methods suclh as rultiplo offect, thormel
compression plant, inverse osnosis, clectro diclysis, humidification -—
deht “"1ification, frceze desalination, In this chapter, only dircct
distilletion in solar stills not rcquiring or depending upon cxtornal
povwer sources will be discussede.

The principle of sol-~r water distiliatien is the utilisation
of the greenliouse cfficet. A loyer of brackish or salt water is
put in an 2ir- and wcter-tight contoincr covered with sheet gless
or other transparont materizl. The bottom of the still is black, it
absorbs a large part of the solar radintion and hce® the water which
will begin to evaporatc. Thc vapour rcaches the transparent coyor,

which is cooler than tiic vapour, whici: then boiins to, condense.

A systom of collcction of condenscd water is provided.

Many distillzation plonts of varicus sizes have boon constructed
in difforont countricss In 1973 Deliyannis of the Greck Atomic
Energy Comnissicn publishcd o more up-to-dato list given in table 1
and illustrated in figures 1 to 7. He algo pgavo tho monthly
productivity of the Missyros plant for five yoars,

The number of parameters influcncing the productivity of the
8tills is vory high and thesc parmmcters are oiten interdopendont.
Among them the most important arc:

- solar oncrgy radiation regimo;

- wind volocityj

- rainfall;

- design of the still ( forp, oricntation, dimensions, matorials,

insulation, tightncss eeee)}
- depth of the layer of wator, rogime of filling and flushing;
and

’

- meintonanco.




Tab le 1 N

The most Important Solar Distillation Plants.

SOUNTRY LOCATION DESIGN YEAR MZ FEED COVER REMARKS
Australia Muresk 1 5 1963 k¥ Brackish Glass Rebuilte
Muresk 11 5 1966 an Brackish Glass Operating
Coober Pedy 3 1966 3160 Brackish Glass Operating
Caiguna S 1966 72 Brackish Glass Operating
Hamelin Pool b 1966 557 Brackish Glass Operating
Criffich 5 1967 413 Brackish Glass Operating
Capce Verde 1s, Santa Maria 3 1965 743 Seawater Plastic
Santa Maria 3 1968 Abandoned
Chile Las Salinas 5 1872 4460 Brackish Glass Abandoned
Quillagua L) 1968 100 Seawater Glass Operating
Sreece Symi 1 2 1964 2686 Seawater Plastic,  Rebuilt
Symi 11 4 1968 2600 Seawater Str. plst. Dismantled
Aegina 1 3 1965 1490 Seawater Plastic Rebuilt
Aegina 11 4 1968 1486 Seawater Str. Plst. Abandoned
Salamis 3 1965 kt.1.3 Seawater Plastic Abandoncd
Patmos 6 1967 8600 Seawater Glass Operating
Klmolos 6 1968 2508 Seawater Glass Operating
Nlsyros 6 1969 2005 Seawater Glass Operating
R skardo 6 1971 2200 Seawater Class Operating
Klonlon 6 1971 2400 Seawater Glass Operating
Meg isti 6 1973 2528 Seawater Glass Operating
India Bhavnagar 5 1965 377 Seawater Glass Operating
fexico Natividac Isl. 4 1969 95 Seawatel Glass Operating
>akistan Gwadar 1 6 1969 306 Seawater Glass Operating
Gwadar 11 7 1972 9072 Seawater Glass Operating
spain Las Marinas 1 1966 868 Seawater Glass Operating
funisia Shakmou 4 1967 440 Brackish Glass Operating
Mahdla 4 1968 1300 Brackish Glass Operating
«S.A, Daytona Beach 1 1959 228 Seavater Glass Rebuilt
Daytona Beach 1 1961 246 Seawater Glass Dismantled
Daytona Beach 2 1961 216 Seawater Plastic Dismantled
Daytona Beach 2 1963 148 Seawater Plastic Dismantled
.S.5.R. Bakharden L] 1969 600 Brackish Glass Operating
‘est Indies Petit St. Vincent 2 1967 1710 Seawater Plastic Operating
Haitl 4 1969 223 Seawater Glass Operatihg
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+) "Sinc: tho building of +the first large commercial solar still
in Las lnlinas, Chile, around 1872, the nost significant gains in
solar rtill *echnology have come by way of impr~ved materials of
consruction. 'L'e profuctivitss hae net beon increased much, but th-
naintnence and operating expcnses have been reduced appreciably.
For exomple, the 4800 m2 8%ill a. Lus Salina3 was coastructed of
vood, glass cnd pity, and its opcration required a clerk, a glazier,
tio full—tinma labcrerc, and occasionally a ecarpenter. By contrast,
gome recently briit 5$1lis require only cne full~time attendant and
a few ar dericnnd to opzreto wnattended for long periods of time.
Glass, concrute, (ad asnbhelt materials appear to require only a
minitma o maintenence.

Indigencus materisls are usually oreferred. However, in
selecting reteradls, thy cverall economics must be carefully
considcred; including maintenance and rebuilding intervals as well
as initial capital cost. “he oragont trend is toward materials that
will lant 20 yeerc with miniram wkcepe Such materials include
concrete, rlcse, bitbyl rubber, and stainless steel.

The follerinn lists g#lill—component materials +liat have
pProved 1o e reasonnhly satisfactory in actual use around the world.
For each component, the moterials, ace listed in order of preference
from the suondpoint ol durabilitye. Yhen a golar still is to be huilt
direc .1y o1 ithe sround using .. basin liner, it .4 advisable to first

use on insecticide aad a weed killer to rcduce the possibility of

puncturee,

Compenmt ‘ Materials

sasin lincr Butyl rubber éo.ms to 0.030 inch thick).
Asphalt mats (0.12 to 0,25 inch thick?.
Black polyethylene (0,008 inch thickg'.
Roofing esphalt (ever concrete, etc. ).,

Cover Window glass (0.10 or 0.1£+§nch‘thick).
Wettable Teddlar plestic, (0.004 inch thick)

Support structure Concrete., Concrete block,: i&minum.
Gelvanized metal. Redwood. ) ,

Distillate irough Stainless stecl. Buti rubber (lining).
Dlack polyethylene (lining).

Sealant Silicene rubber. Asphalt caulking compound,
Butyl-rubber ertrusions,

Piping and Valves 2> (polyvinylchloride). Asbestos cement
(for saline water%; ABS (acrylonitrile—
butadicne—-gtyrenc).

Water Storange Reservoirs Concrete. Masonry "

+) Office cf Saline Water, USA — Report Mo, 546
++) Relatively short lifetimes




)

Findings

A gencral consensus doep not yct exist on the optimal design
of a golar distillation plant. lowever, the folloing considerations
seal. to meet with genercl a_ ccoment:

- Local adequate materiale and cinple technolory should be used
as far as possible:

- Plagtered brick or cenent blocks able to withstand weather
conditions, salt water efiects, and to ensure tightnesa should
be economically ervisaged. _

- Aluminium structure wit!: sheet glass for the construction of
the walls a1l the cover reprcsents a jood, but cxpensive
solution and uould not often be available.

- For the ahsorbing blaclk surface twe solutions could be
favourably envisaged at the moment: Concrete with special
bituminous painta, which has been successfully experimented
in India, or thin butyl rubbor shcets of /Eomhy which has also
been successfully experimented in Grecce, Australia and other
ocuntrics. The sccond naterial necescitates rather more
difficult tecimology (vulcanisation or adhesive sealed
to join the shecots). It is not affected by solar radiation
or by high temperature or dry spots, but it is oftein not
available in developing countries,

- Insulating thce s8till ot lecast in the base is not justified whon
the surfzec of these otills is large, because the ;round acts
as o gemi-infinite mcdium through which there can be very

small hecat losses. The cogt of the insulation materials and its

installation does not scem very economical regrarding the increasing
of productivity in the case of large stills. The insulation of the
gides of the still should not sigmilicently increase, the productivity
due to the relatively small surface of hcat exchange. However, the
utilisation of availeble lecal insulation materials should always

be studied but a larre importance should be giveq to the avoidance

of humidity of this material. +++)

Hoviever, a layer of dry earthy metcrial bencath the basin liner is
usually sufficient for insulation purposes.




Regording the cover, sieet glass of about 3 mm thickness still
scoms to be the best solution. Use of & cover of two sheet glass
layors is not justificed. Txpcricnce shows that the use of
different kinds of plentics ig not yet cenclusive. Several
types of plasiic natc: lila have been tricd (Tedl;r, Mylai,

PVC, Kel<F, Teflon, Nylon, Aclar, Polythene, etc.) in
conditions lese severe then in full-sized stills. The only
materials that last § years arc 5-mil teflon, 4-mill Tedlar
and 5-mil wcathcrable Mylar. In: general the lifetime of

plastic material is very short and the effect of golar radiatjion
could affnct after a short timo the productivity of the etecl,
In addition very thin covers do not withstand the effcct of the
vind,

The tightness of tle still is ver” importent anc till now an
efficient choap material does not oxist on the market. Silicon
rubber represcnts a very good but very expensive solution.

A cold applied mastic bituminous compound used usually for
ropairs of leaky voofs has been used with success in India

but the duration of the experience docs not permit a foreoast
of what the lifctime would he.

Regarding the depth of e layer of water in the still, a
goneral agreconient neo. oxists stating thet shallow layers

have better productivity but due to inaccurate lovelling of
the ground dr: spots o.. the absorbing boweom could appear

if’ butyl rubber or equivalent matorial is not used, and a
practical thiclness of 5 cm scoms to be a rcalistic solution.
Rogarding the inclination of tlic sheet glaso cover, no general
agrecment oxists. It is important to onsure the formation of

& film which pllows good condensation and a good passagoe of
sun radiation, 10-20° secns to be acccptablo. For a given
horizontal surface to be covered, the incrcasing of the
inclination increases the surface of the cover end the cost, and

could decresnse the productivity of the still,




- Geometry of the covering affecting the frection of incident
energy entering the still is nesligible in larse unito where
the shedow ceused by the sides is smell as compared with the
evaporating surflece,

- Basin etills o2 guaerdlly ocicnted with their long axis wleug
the B ¢r N-S direction. "™iz orientation of symmetrical-cover
or low-glopc stili docs not affoct productivity: asymmetrical
and single-sloped covers should be oriented with the lonpg axis
in the B-7 direction, wich tle low-glope or single~cover plate
facing the equater dircction ( S in the north hemnisphere,

Il in tke southern), ,

- The otill should serve as a rainfall catohment surface.

- The optimal regime of feeding the still with fresh water
oontinucusly or by batch is not yet defined;

- . depesit of salt should be avoided, as it incrcases the
reflectivity of the black surface and cecreases productivity.

- Growth of alga aid bacteria should be avoided, as it decreases
prodvuctivity. However, the addition of a few ppm of copper
salt should prevent the grouth of alga.

- Periodical flushing o' the still witl fresp vater could prevent

the deposit of salt and the growth of alea,

.

UNIDOANICIR seler:distiliation plont in Scmalia.

UNIDO, with UNICEF finencing, is implementing a solar
distillation project in Somel<a, the nain component of which is a
golar water distillation plant of ahout 2000 m° act evaporating
surface. The expected ater production of the still including the
rainfall collection, iz about 5 - 6 m3 ot fresh woter per day.

The decig: of a 200D m3 wolar distillation plant prepared by
the Central Salt and Merine Chericals Rescarch Institute to be
implemented in India lLios beon adepted for Somalia after discussions
with UiiIDC, and slightly modified, perticularly in optimising the
piping, reducing the pacsoges botween the stills, changing the
inclination of the cover glass to ]50 instead of 200, uging aluminium
instead of wood for tlhe supports of the uppcr side of the sheet glass,
changing the location of sen water, distilled water, and blending uater,

tanks.

e
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The plent is composod of fifteen blocks cach consisting of 6
symmetrical and intercommunicating basins of about 13 m long and
1.5 m wide. The mein matcrials te bc used for the construction are:
bricks, ccmont, sheet glass, tarplastic, tank-mastic paint, clectrical
cotton insulating tape to cover tiie joints of two medium sheet glase
end to suppc. t the putty, small quantity of aluminium T soctions,
square tube and sheet foil, galvanised piping, 2 hand pumps. The
estimated cost of this meterial in India is about US $§ 23,000 and
the csfimatod cost of labour it ~bout 20 % that of materinl. The
cost per net aveporating oquare mater of thc distillation plent is
about § 14.

It has beon sugzested that in anothor digtillation plant of
200 m2, 12 units of 3. m2 each will be constructed for comparison
of' behaviour of materials, effcct of insulation, ctc, The proposed

charecterictice of the erperimental units aro:

unit serving as rcference designoted by R

unit as R but inclination of sheet glass 10°

unit as R but inclination of rheet glass 20°
unit as R but depth of water 5 onm

unit as R but depth of wator 10 cm

unit as R but depth of water 15 cm

unit as R but walls of hollow concrete

unit as R but walls of improved soil

e i T I o S R S

unit as R but wnlls of bricks toially plagtereda in the intorior

and plastered on the joints on the exterior.

1l unit as R but wells of bLricks plastered only on the joints interior
and exterior |

1 unit as R but with butyl rubber as.liner:

1 unit as R with insulation layer bencath the basin constituted

of dry straw or rice husks or sawdust

= SR R,




T+  SOLAR DRYING

Drying foed, -gricultural products or fish by solar encrgy 1is
A very old practice. Hovevor, in recent years improving tho proccss .
by systemising it, protceting the products from rvinfinll, dust and
insccts, has been the mubject of intensive R amd D work in developed
and developing countrics. The survey cntitled "A Survey of Sclar
agricultural Drving" of the Brace Rescarch Institute, MacGill Uni-~
versity, Montrenl; constitutes a very useful study. Most of this
. aragraph on solar drying will be constituted by extracts of this
survey. Duiy are prescnted s cisc studies which deal with des-
criptions of the dryers, crperimentel results and drowings.
Economiczl information has also been included. The classification

of dryers adepted in the survey is the following:

- Passive Systems - drycrs only using solar or wind encrgy for

thoir operatioens.
Sun or Natural Iryers;

These dryers imnko use of the action of solar radiation ambiant
air temperaturc and relative"humidity and windspeed to achieve

the drying process:

Solar Dryers - Tirect

In thesc units, the material to be dried is placed in an on-
closurc, with 2 transparent cover or side panels. Hent is
generated by absorption of solar radintion on the product itsclf
a8 well as on the intcernal surfoces of the drying chamber.
This heat cvaporatcs the moisturc from the drying product.

In addition, it scrves to heat and cxpand the air in the on-
closurc, causing the removal of this moisture by the circulation

of air.
Solar Dryers — Mixed Mode.  (Dircct and Indirect)

In these dryers, the combined action of the zsolar radiation incident
directly on the materizl to be driod and air pre~-heated in 1 solar

2ir-henter furnishos the heat required to complote the drying

operation.
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- Hybrid Systems - dryers in which another form of energy, such
as fuel or electricily i used to supplement

solar energy for healing and ventilation.
Solar Dryeng = Indirggt: (irith forced ventilation)

In these dryers, the sclar radiation is not directly incident
on the material to be dried. Air is heated in a solar collec-
tor and then ducted to the dryiig chamber, to dehydrate the

product.
Solar LumBgr Drycrs:

These dryers have been put in a special category as they con-
gtitute an important application of this technology. In most
cases forced ventilation is used as proper circulation of air

helps control the drying rate so as to avoid case hardening.

Other finitionst

Chamber Dryer - is one in which the material to be dried is

dried in an enclosure.

Rack or Tray Dryer - is one in which the material to be dried

is placed on an open rack or tray.

Some examples quoted {rom the survey are given below:

Case Studly 1: 3olar Cabincet Dryer
This dryer is essentially a sclar hot box, in which fruit,

vegetables or other matter can be dehydrated on a small scale. 1In
essence it consists of a rectangular container; insulated at its
base and prelerably at the sides, and covered with a double-layered
transparent roof. Solar radiation is transmitted through the roof
and absorbed on the blackened interior surfaces. Owing to the in-
sulation, the internal temperature is raised. Holes are drilled
through the base to permit fresh ventilating air entry into the

cabinet. Qutlet ports are located on the upper parts of the cabinet

side and rear panels. As the temperature increases, warm air passes
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out of these upper apertures by natural convection, creating a par-
tial vacuum and draving {resh air up through the base. As a result
there is a constant perceptible flow of air over the drying matter,

which ic placed on perforated travs on the interior cabinet base.

Methods and materials of construclion:

There are many forms which the construction of such a dryer can
take. Nevertheless, the fnllouing general recommendations can be

applied to all dryers of this type (Fig.1 )

- the length of the cabinet should be at least three times the
width so as to minimize the shading effoct of the side panels;

- the angle of the slep= of the roof covering should be taken
from IMig.2 . This gives the optimum angle for drying seasons
as a function of the latitude. The graph is cqually applicable
to areas north and soutih of the eruator. Note that for lati-
tudes less than 20° orth or South of the e~uator, the slope
of the transparent roof is constant Al 60.. This is to allow 2
minimum difference in elevation from one <ide of the collector
to the other in order t¢ permit adecuate convective 2ir cir-
culation over the drying orea.

- the transparent cover should be made i{rom two layers of either
of the following:

mm thick)

about 0.13 mm thick)

gliss panes (

—_ ™

plastic film

In gener:l the covere mide with plastic film have a limited
life. It is therefore necessary to use films vhich have been treated
to give protection against ultri-violet radiation. The latter can
be polyester, polyvinyl chloride or pelyethylene. Generally films
of the polyethylenc or cellulose acetale iypes should not be used
due to their limited life. They would have to be replaced at the end
of each drying season and might not give as favourable results in
service. Although it may be advantageous to replaice covers seasonally
in certain casce, trouble may occur with films not being able to with-
stand the high cabinet temperatures generated. These m2y reach ae
hich as 80 to 100°C in come dryers. It is advisable in this type of'
unit to use ordinary window glass supported by 2 suitable Frame.

The use of 2 sealant to hold it to the frame is a possibility, but
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if a sealant is not uscd, the glisc ~hould be held Tirmly in place
by a suitable fraume, printed black.

In pensaral the [{ramework of the e¢ahinet mzy be constructed as

. follows:
- Port:ble Madels: weod, metal, Lardbeard, plyvood for the
more sophisticted units: or bLasketwork, vicker or bamboo for
L ]

the more primitive units. Perforated cabinet bases and side
panels might possibly be fabricated by placing insulation between
layors of blackzned wicker or opcn basketwork. This would
cut down costs and mike usc of loca! industry.

- Parmancnt structures: adcbe,; bLriclks, stone or concrete

- The insulation should cousist of locally availablo materials
such as wood -havings; sawdust, bagnsse, coconut fibre, reject
wool and animal hair. In areas ffected by wood nnts, termites
or other noxious insects, the susceptiblo materials should be
properly protected before being placed in the insulation base.

- The hot box should be constructed along the lines outlined in
figures No. 1 and 2. The insulating layers should be at
least 5 cm thick, both 2t the base nd side sections. Holes
should be drilled in the insulnatied base and fitted with short
lengths of plastic and rubber.zed garden hose (or bamboo, etc.,
if awail-ble). Where insect infestation is prevalent, all
cabinet aperturecs should be covered with fine mosquito netting,
(prc ferably fibreglass) or gauze. Generally t ¢ high tempera-
turec of the cabinet interior discourages insects, rodents, etc.,
from entering and feeding on the drying produce. Furthermore,
in arid areas where therc is » high concentration of airborne
dust and debris, the transparent cover eliminates product

contamination.

- The transparent cover can be ~ttached to 3 frame which can then
be fixed to the chassis of the cabinet. (are must be t-ken to
eénsure that the cover is completely watertight so as to zvoid
deteriorition of the interior and wetting of the insulation.
All compononts of tho cover framework should be painted black
or some other convenient dark colour to absorb the maximum

solar radiation. Hold down strips should be secured to the

upper exterior rim of the cover frame to protect the film against
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excessive wind suction 1lift.

- Once the cover wnd chassiz are secured, sovernl holos should be
drilled in the rear ond cide panels. These provide the orit
ventilation ports to remove the wirm, moist ~ir. The number .
of "»sles is dependant on the climatic conditicis 2nd the nature
of tho drying materinl. A satisfactory method is to initinte
the dryer with ~ minimum of side ventilition ports 2and to drill .
further holes 2o needod =0 s to prevent internal moisture con-
densation. This method prevents an evceses of ventilatinn ports
boing drilled.

- he roar pancl should ke fitted with access doors to give entry
into the cnbinet. All doors :hould be placed on the rear sideo
to prevent excessive shudowing of tlic dryer during handling
operations.

- Trays should be constructed s indicated, of grhlvanized chicken-
wire or som¢ similar material. They should be placed on runners
a few grntimetres high so s 1o ensurc 1 reasonable level of
’J._Nl?.t ion under and around the drying material,

- The interior of the cibinet should be pninted black. The ox~
teriors o the side, resr ~nd base panels should be printed with
Alumirum piint. If desired; the interiors of the side and rear
pwmels cwn be covercd with  layer of ~luminum foil. If the

lIatter is not aveilable, piint these surfrces black.

The lryer opcration is not complicated. The produce to be dried
should be pretrented in the usunl manner (i.¢. blanched and fumigated)
and placed on the perforated trays, at 1 loading rate of about 7,5
kga/meter2 of drying arc¢y. A small thermometcr inscerted into one
of the ventilation ports will prove very handy. The thermomecter
buldb should be shiclded from the dircect rays of the sun. The upper
temperature limits which can be withstood by agricultural producc

vary substantially.

Where the drying produce might suffur from the direct sun-rays
or wherc the light colour of the produce reflects much of the in- ~
cident radiition, it is advisable to cover ihe loaded trays in the
dryer with o black plastic mesh or black gamse. This should not
inhibit the flow of 2ir through the trays, but will absorb the ra-

diation 7nd transmit the heat to the produce through conduction and




- 75 =

oonvect-:ion. The resultant temperature increase can be controllsd
by opening the rear access dcors. This approximate temperature con~-
trol system can easily be mastered with time and experience.

Case Study?: Kanpur, India

Ciimat-ological datat it was found that the optimum tilt of the

dryer was 13° in summer and 40° in winter at Kanpur location.
. Maximum temperaturc in summer 45°C
Minimum temperature in winter 10°C
Hours of sunshine per year 4,000
Days of no sunshine per year 30

The dryer was used on experimental basis only from July 1971
to July 1972.

Drying data:

. Material = Quan- Pre Mois- Content Maximum Drying
o B tity Treat- ture Perferred Allowagle time
Dricd ment Initial PFinal ¢ Temp.°C  hours
4
grm. i
prunos 750 sulphuring 85 15 to 20 17 18
peaches 275 none 80 5t06 17 1
peas 420 blanching 80 5 1to0 6 66 5
cauliflower 200 none 8 5 1to06 66 2.5

For purposes of comparison, the following table on drying
data gives some indication cf the tomperature limits and possible
throughputs available with o dryer of the size and specifications

shown in case study 1. . The table gives yields for dry, arid,
cloudless Meditorrancan type climates.

Produce Amgunt of Kgg Fresh Matter Maximum Allowa,gle
Dried per Unit Temperature (C)
r Apricots 4 per two days 66
Garlic 2.6 per two days 60
Grapes 5.7 per four days 88
. Okra 3 per two days 66

Onicns 3 per two days 71
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- 5

14 | INTERNAL SIDE WALLS ALUMINIUM 3
I3 | INSULATION WOOD WOOL -
12 ] COVER FRAME WOO0D 1
Il | NETTING FIBRE GLABS 27
10 | TRAY RUNNERS ) 4
9 GLXBE Y
8 | poors WOOD 3
T | TRavS WOOD & STEEL MESH 3
6 [1Ecs Woon 4
® | PIPE FOR BOTTOM HOLES POLYTHENE PIPE a7
4 | BASE PLYWOOD SHEET )
3 | FRONT PANEL WooD 1
2 PANEL Wb I
| | 8102 PANEL ¥OoD 2
DESCRIPTION MATERIAL WO. REQUINED |




P

TR AARIRE 4 g R Tyt g v e R T T © e e e A

Operating conditions: It w~s observed that w wwerage tempera-
8] . . .
ture of 75 C was itt~in.ble inside the dryer s compared to an ave-

rage outside tomperature of 350.
Economic Dectailss

Cost of materials: About $20/unit in 1973

Item Number of picces  Dimensions Total cost
—_— rcequired Rupeos
(lass choet k) 51 x 62 cm 30
Indian chir
Wood (volumc) 0.345 cueite - 60
Plywood shoct 2 168 x 65 com 18
Aluminium shoot 2 0.25 2’ 8
Mesh for Trays 3 52 x 62 om 25
Polythene pipes 2 12.7 diametor x 2
5 cm long

Miscellancous - - 5
Labour charges 2 dnys - 12

150

Annual operating expenditurc

Depreciation of the unit per yer 16 Rs
Interest on capital (at 10;%) 16 Rs
Cont ingencies 8 Re
TOTAL 40 Rs  (about $5)
Conclusions:

The estimated lifc of the drycr is 10 ywars. It is found
that solar drying saves considerablc time. Also the final product
quality obtzained from the dryer was found to be supcrior in taste

and odour withcut being contaominatcd by dust and insact infestation.

In some cases it is preferablce to have a plastic cover rather
than 2 glass cover.to prevent breakage by flying stones, etc.

However, the glass would normally have 1 longer life so that, in

AR
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the final 2nalysis, the frrmer himsclf must ducide which is tho
more cconomical wnd cceptable for him. Presumably if the dryer was
placed on 2 building roof, the zlans might last 10 to 20 years with-

out break-gc.

With roe~rd to labour costs 1l must be stressed that all the
construction to be undert-ken iz quite simple ~nd could be performed

engily by the farmer himgelf using simple hand tools.

A very practiec~l ~uxilior;s opplicition of the dryer iz for

warming foods and other materials. It is particularly advantageous

. On . . .
a8 n gelf-coniaincd cource of he~t it 70—80'0 in the field and in

isolated form srers.

Casc Stud; 3;Sol-wr vind ventilyicd dryer (Syri:)
Characturistice:

The dryer can be described as 2 drving chamber through which
warm air, heated in 1 solar air heater collector; is drawn by means

of 2 rotary wind ventilator.

The sol~r 2ir heater collector used consists of 2 blackened
hardboard sheut, insulated ot ithe bottem and covercd by a plastic
(or glass) sheet. The collector is mounted frcing due south, and

tilted 2t an oplimunm angle for the arca nd particul~r scason.

Air enters through the open bottom ond of the collector. It
passes uy betwcen the hardboard blackened bottom (:ocorber) and the
cover, The cf.cctivencss or the collector is increased by placing a
perforated black mesh ncrecn midu~y between the cover and the ab-
sorber: solar radiation vhich passcs through the transparent covor
18 absorbed by both the mesh and hardboard. The mesh provides
ndditionnl hext transfer surfice area, wnd incre~sed heat is supplied
to the passing air. Colilector cfficicncizs of ova: 75% have been

achieved using thig system.

The warm ~ir ocuilet of the collector is connected to the base
of the drying chaimher, which holds twelve trays placed in two
adjacent six-ticr stacks. Hot ~ir circulntes up through the drying
producc,; additional heating is obtained from solar radintion trans-—
ritted throush transparent sheets whiebh cover the east, south and

west sides of the drying cabinet. The rear vertical and botiom
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horizontal panels of the dryer arc of blackencd hardboord, which

is insulatcd to reducc heat losses. A rotary wind ventilator is

placed on top of 2 stack above the drying chamber. An ndoquato

length of this staek is rcquired both to achicve a chimney effect

and to ¢. .ch more wind.

The rotary wind veutilator ia n moving corrugated vane roter.

Ae it spins in the wind, it oxpells air from the ventilator stack.

The rotor is mountcd on 2 ball bearing suspension. The friction is

low and momentum kecps the head spinning even in sporadic winds.

Quantitative tests carried out using the ventilators indicate that

the rotary ventilator kccps spinning between gusts yielding o high,

constant cxhaust in spite of intermittent winds.

A stationary cductor placcd on top of o chimney could be also

used: however it must be understood that it would rcly solely on

natural convzction during poriods of no wind. This drycr was never

optimized.

Materials of Construction:

Drying Chamber:
Transparcnt covor:

Framecs:s
Insulation:
Tra 3¢

Solar Air Heator:
Transparcnt covor:

Absorber:

Insulation:

Frames:

Location: Douma (near
Lotitudo:
Longitude:

Climatological Dnta:

Mylar (transparent plastic film)

bl~ckenod hardboard for the back wall
and the bottom pancls

straw

wir mesh

Mylar

blackenod hardboard bottom sheet with
a2 black plastic meesh 2 cm above it

strav

bl~ckenod hardboard shoets on bottom
and sidc wnlls

Damascus) Jyria
3333
35%24 '8

The climate of Syria is generally characterized by dry, cloudless




-80 -

gummers, and cocol, partly rainy winteors. There is 2 substantial
variation in monthly mean temperaturc,; falling quite clearly into
a four scason year. HNevertheless, the spring and fall periods
seem to blend purily into the traditional desert summer climate -
high day ime temperaturcs, low r.lative humidities, cloear cloudless
days with an “bsence of precipitation for nearly 6 months. In most
of the country tho percentage of sunshine during the period of May
through October is over 85%. During the period of Junc through

September, the percentage 1s gencrally above 95

Practical Operaticas
Number of unitc uscd in the past: 3 to 4
Periods of Operation:

On expcrimentnl basise 1704-1068 ( Units have also beon tested

In field operations: nil in the West Indies )

Drying Datna: ,

The unit successfully dried okra, cousa (Biladi variety),
cquash, jeu's mellow, eggplont, tomato paste and yawm. Ac an example
of the drying yiclds 1ttiined by ithe unit, drying times for okra
and for coury uere rcecported to be respectively 20 wnd 58¢, shorter
than with o sua dreying treatment. In addition, the final product

qunality obtzined using this colar drycer was reported to be superior.

The efficicncy of the zolar air henter wos reported to vary
botween 64, to &6& (ratio of usciul hoat absorbed into air siream

over Encrgy transmittcd through glazing).
Operating Conditions:

~ Fairly sunny
- Ambient air temperaturc from 30°C to 3400
- Temperaturc of the heated air entering the drying chamber on

day of experiment: from 36,2 to 58,4°C

Comments on the Dryer:

For solar drying purposcs, genornlly the greater the air flow
within the drying chamber, tue greater the yield will be. If the

averago wind specd is high, the usc of a2 stationary cductor instead of
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2 rotary ventilator will be just as practic~ble. In the case where
higher temperaturces arc desired for drying particular crops, dampors
installed in the wentilator stnck will permit control over the air
flow ratc and thus the drycr tcemperature. If the vontilator diame-
tor is smnll, it secems better to use 2 stack of 2 larger cross
section which rcduces smoothl, to the ventilator scection. This

will reduce rir friction ~and insurc an adoquate air flow.

Bvaluatica:

- The solar dryers are simple to construct nd oconomical
to use. Howevor, local mnterial wd adoquate tochnology should
be used to the muimum. TFarmers may be encouraged to construct
their own solar dryers based on optimised models designod by
local institutions which should be available for demonstratien
purposcs.

- In casc of using externil sources of powcr the only possible
source of pewer in smill applications is, in the present con-
ditions, wind energy. l/hen using forced convection obtained
by fans operated by therm~l, clectrical or solar ongines,
a2n in-depth fc 1sibility study should be undertaken to find out
which percentage of consumcd energy could be delivered as
mech~nical cnergy (by cngines). Many rescarch proiccts are being
undertaken in various developing countries and it scems that the
following suggestion could be included in these research pro—
grammos. when forced convection is used;

- Study of the influence of the temporaturc of solar heated air.
This temperaturce could be varied until the maximum compatible
with the conservation of the quality of the dricd products by
playing on the performancce of the solar collectors a.nd/or on
the velocity of the heated air:

- Study of the influence of the Reynold's number of the flow of
air across the dried product by changing the discharge of the
fan-

- Reduction of the useful fluid power by optimising the pressuro
drop between solar collectors and the outlet of the dryer.

- In an intermittent drying regime, calculation and measurement

of the moisturc should be inade at the end of cach period.
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CHAPTER 1I - TECHNO-ECONOI!IC EVALUATION OF SOLAR EQUIPMENT

1. SOLAR ENGINE AND INTERNAL COMDUSTION ENGINE

The term '"solar engine" designates in this study a complete
installa ion of 2n engine pouere. by solar energy, wnd the term
“internal combustion engine™ uill be limited to Diesel ind gaso-
line engines (g1s turbines of very small power do not exist yet on
the market).

A large number cf factors could be tnken into consideration
when undertzking 2 techno-cconomic comparison of this nature,; but
in order to simplify the study, these will be limited as much as
is possible without significantly altering the validity of the
comparison. The cost of the installed eruipment, depreciation,
maintenance and repairs, cost of concumed energy and impact on in-

dustrial developmenlt will be considerecd.

A general erunstion will be defined to find the maximum cost
per installed kw of 1 =olar engine, from which the solar engine
begine to be more cconomical than 2 Diosel and/or gasoline ongine.
In order to base a simple equation which does not require the use
of 2 computer, some aissumptions will be made, bearing in mind 3lways

that a valid conclusion will be reached with acceptab. . accuracy.
Total-working hours:

A & lar engine in favourabl solar radistion - nditions may
werk 1bout 6 hours per day but it doeg not give its maximum output
all of this time, so 2 figure f 1,500 hours per yexr ~t nominal
power seems to be reasonablce. This durition could be extended in

the casc of ertensive hent stor-ge.
Power of solar engines to be considered in the comparisont

Except for cxperimcntal purpeses, use of fractional kw solar
engines docs not seem to be really justified in developing countries

in the short and medium term. TFor instancc, a y kv solar pump

could be replaced by a 4 kw animnl powered pump working 8 hours

daily. The energy saving in ucing small solar engines is really
1

small, for example, a  kw sol~r c¢ngine will save only ~bout 250
kg of fuel per yecar. The transport of such a quantity of oil would

not pose real difficulties.
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In the case of economically acceptable cost of solar engines,
the 2 - 15 kw range could sell better on the market. However, in the

future largesi power could be envisaged on a commercial basis.
Power of Diesel and gasoline engines to be considered in the comparison:

A Diesel or gasoline engine could easily work & hours per day
or about 3,000 hours per year. A set of 2 engines each having
half the power of the solar engine, will be considered, so a stand-

by will be available and 2 good reliability could be erpected.

The power of small Diesel engines with 1000 - 15000 rpm existing
on the market usually starts with 2 kw, then in this power range,
only gasoline engines will be conside.ed and for the range 10 - 15

kw Diesel engines will be considered.

Equation giving the cost per installed kw of solar engine on the

basis of which its utilization begins to be economically feasible:

The coefficients in this equation will have the following sig-

nifications:

a inverse of the number measuring in years the expected lifetime
of the engine (rate of annual depreciation):

b coefficient giving the annual cost of repair and maintenance
in percentage of the cost of the installed engine;

i the rate of interest on the loans used to finance the cost of

the installed engine;

e annual weight in tons consumed fuel per % of thermal engine-

A annual weight in tons of lubricant consumed per kw of thermal
engine:

cf cost per ton of fuel

%1 cost per ton of lubricant

K cost per kw of installed engine;

8 index related to solar engine;

t index related to internal combustion engine;

D Diesel engine:

£ gasoline engine:

It will be accepted that the annual cost of the loans made to
finance the installation will be equal to half the rate of interest
multiplied '+ the loans. Such simplifications will not significantly

affect the accuracy of comparison because the term } appears in
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the two numbers of the equation and it represents a relatively small
importance in regard tc¢ the other terms.

Inflation will not be considered in this comparicon. DBased

on the above considerations the following eruation could bhe writtent

i i
(ag +b, + %) K = (a, + b, +3) K +qpe0p+qy.0
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12. NUMERICAL APPLICATION

Assumpt ions should be made to quantify parameters of the gene-
ral equati-n regarding lifetime, annual cost ol repair aid maintenance,

interest comsumption of fuel and lubricants, cost of energy, etc.

1.2.1 Expected lifctime of engines

Solar engine:

Commercial companies speak in terms of a life of 20 vears. This
figure seems, hoiever; tobe very optimistic., With the present
technological conditions, the global lifelime of 10 years scems to

be more realistic, and a = 1/10.

The lifetime of' Diesel engine could go as far as 20,000 working
hours depending on the range of power, the design and particularly
on the rpm, the piston speed. ithe system of cocling, thc material
used, the accuracy and the prece~s of manuracture, the conditions of
exploitation €working hours per da,, level of maintenance, climatic
conditions...) A figurc of 6,000 working hours will be considered.
This figure seems to bc rcaconable in isolated places vhore changing
the enpgine before major repairs are required is very economical,

Tho coefficient a will then be equal to 4

A lifetime of 3,000 -orking hours will be considered for the

small gasoline engine and a = 5.

i

1.2.2 Amnual cost of maintenance .ad repair as a fre-tion of the cost

of the engine

Solar engine:

Commercial companies sometimes refer io free (or insignificant)
maintenance and repair of sclar engine installations. A machine to
be operated by n solar engine will always need maintenance and repair,
and the solar engine installatior will always need such services
(breakage of sheet glass of colar collectors, replacement ol deterio=-
rated insulation, repainting o conitainers of solar collectors,
possible need of repainting of the black surface of the sclar absor-
bers, replacement of leckage or working fluid, plumbing;. The cost
of a full or partial salary of a guard vho will ensure the day-io-day
maintenance will not be considerad because it will alco be required

in the case of lhe diesel and gaccline engines. The coefficient b

[E
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would be of the order of magnitude 2 ~ 3, in oase of solar thermal
engines and 1,. in that of elecciric cnginus powered by photlo-cells,

based on the lifetime discusszd above.

12.3 Rate of interest

A rate of interest of O, sihall be considered, although the pre-

sont cost of interast will be higher on the financial market.

12.4 Annual cost of cnorgy

Diesol engine:

The consumption of gas-oil is about Q.25 kg/Kwh and thal of
lubricant is about 0.007 Lg/Keh.

In order to combine the cost of gas-oil and lubricant it will
bo assumed that the cost of lubricant i 5 times more than that of

gas~oil. Thc new terms will designated "equivalent consumption”.

0.25 + 0,007 2 5 = 0,285 &, of equivulent gas—oil/Kuh
And for 1500 hours of annual work:

0.285 = 1506 = 427.5 kg/kw.year ,

As the conditions of exploit~tion of the engine will not
always be opiimal, a majoratious of consumption of about 17* may
bo considered: so

qp = 0.5 ton/xw.year

Gascline :ngine:
A majoration ol 20, above that of diesel enginos could bu con-

cidered, so

qp = 0.6 ton/Ti.year

A 10 kw solar engine working 1500 hours will bo compared with
a set of 2 Diesel engines with 5 Ikw each and 15000 rpm. Bach cne
of these Diesel cngines will work 6000 hours in four ycars. A 2 kw
solar engine will be comparcd with 2 set of 2 gasoline engines of 1

kw each which will work 300C hours in two yeare.

Taking into consideration the above nssumptions, the tolloving

equations could bc written:
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In the case of Diesel engines:

(0.10 + 0.03 + 0.04) K, = (0.25 + 0.20 + 0.04) Kp + 0.5 Cg
or .
K= 3 (X + Cp)

and in the case of gasolinc engines:

0.17 Ks = (0.50 + 0.20 + 0.04) Kg + 0.6 Ce
= 0.74 Kg + OUU Cf

or
Ky = 4.35 Kg + 3.53 Cp

Knowing the local cost for installed kw of Diesel and gasoline
engines for the considercd range of power, and the locnl cost per ton
of gis-oil 2nd gasoline, the value of K3 per installed kw of solar cn-

gine could bc oalculated Irom one or the other of these two cquations.

Ac tures vary from country to country, and in order to provide a
valid order of magnitude of the cronomically accoptablce cost of kw of
installed solar engines, it will be ssumed that no taxes shnll be char-

ged on tlic cquipnent, and its installation and on the consumed fuel:

Thu cost of gac-oil i3 more difficult to estimatc; it depends on a
liwrge number of factore, inter aliaw: price of crude oil, the distance bet-
ween the refinery wnd the supplicr of crude oil and the cost of inter-—

nal transport and distribution:

2.5 Scme Numerical Valuces

-

For the 10 kw range ol Dicscl ongines with 1500 rpm, the cost in
the present conditions of the internationnl mirket could be assumed to
be $150/kw of installed ungine. In the same conditions, the cost of

grwsoline ongines in the 1 kw range could be estimated at %50 - 70.

A lending company in the ficld of small Diesel engincs has quotaod

2 cost og $640 ex--works .uropc for 1 9 ku, 1500 rpm enginc. Another

well=knovn Gurman company hae indicated that the cost of ~ 28 kw,
1500 rpm is ~bout $1,600 or 357/ku.

Based on 1 valuc of $150/kw of dicsel engine and $150/ton of

g3as=oil, the cost per installed k. of solar engine without heat



LT

-9 -

storage should not oxcced 3900 from the economical point of viow.

In the case of the small range 2 kw solar ongine, with 350/101
of gasoline engine and 3150/tons of gasoline, tho cost por installed
kw of solar ongine without heat rtorage should not exceed $834.

The prescnt cust of solar engines varies very much:

~  SOFRETES asks for at_lcast $20,000/por installed kw:

- Sun Pewer Systems, Inc., asks for about $3,000/installed kw
depending on the cost of the solar collector. According to
a diccussion with the author, the manufacturer asks $12,000
for his 10 kw engine, not including thgseglar colloctor.
But the 10 kw could be obtaincd if the /difference betweon the
evaporating and tho condensing tcmperatures could be obtained.
This condition can not practiecally be rcalised with normal solar

flat plate collectors and about 7 kw could be oxpocted.

- M.A.N. gives in PFig. 1 the cost per installed electrical kw in

function of the size of the engine and the produced number.

e
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On the basis of tha above assumptions, the following conclusions

could be made:

It has beeon. felt that calcul~tions of the cost per unit of
ener.y (KWH for -z “le) wil' nct be uzaful in the case of
this report becausc the parameters vary too much from country
to couniry and a goeneral equalion, 28 that outlined above, is
mor uscful,

foowolas thierenl (oine witidn the range of 2 - 10 kw begins to
be ecoaorically 1casible when its cost does not exceed 3_1Q_OQ/
inrt"‘.._lrii_lg.j'. e rrosent cost on the market is 3 - 20 times

mo.,2.

In the cozn of soiar »rgines operated by photocells $2000/in-

gtalled -+ moolms Lo e ccononically feasiblo because the cost
of repiir and maivznance and that of deprcciation are lower;
alsu an cleciric (o rerator has not been considered in the case
of Diescl o~ gasoline enginog:

Th2 econory of rcale cculd not be i1ully applied in the case
of solawr th rmil eneinos, due to the fact that the surface

of sclor collcctors (the improvement of efficiency in case

of largsr ongincs could be in a first approximation neglected)
is arproximatcly proporxtional to the power of the engine.

The solzp colleviors ccpresent an important part of the total
cost i a2 inziallations. . uwever, the cost « . other compo=-
nernts, *troovsur o ans. installation would be largely reduced
wher tho powes ireroas.s:

Tho inw-.'reunb is Yargely higher in case of solar engines,

o the fiven:d 2 vill bo more difficult;

The £ol i unzinu inziollation will ocoupy 20 - 50 m2/ installed

kw, thy cogt cf occuried surface should be taken into conside-
ratici.

In eaco of ulilizian:, scicy collectors as roofs for buildings,
the cc . narr irstalled kw would decrcase;

In case of Iriortont <olar storage the cost per installed kw
will iaerens. tul that per KW delivered will largely decroase.
Hewover, ~ feosible tecinology of solar riorage is not yet

available;
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It is difficult to obtain o constant specd on the shaft of a
solar engine if a costly and maybe sophisticited system of
control is not provided. A constant speed could be necessary
for some applicnticns-

Th- machine whieh will be ouplod to 2 Dicse’ or gasolina
engine giving the same onc.gy will have half of the power of
that coupled to “he solar engine, so its cost, transport and
installation 71ill be checaper and casier:

Local manufacturce of solar couipment in developing countries
could have a geod impact on industrial development:

It is diffiecult to measure the benefit of oliminating pollution
bj.tho uge of solar equipment;

As cost of fuel is increasing, solar cngines are going to be

in better competitive position.
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2. SOLAR REFRIGERATION AND SPACE AIR CONDITIONING

Based on the preceding chapter, Development and State cf the

Art, the following remarks could be made:

- Sol~r refrigeration and epe~e air conditionin~ systems are
st111l in the R and D stage-

- The system could not be independent of an external source of
power which should supp.y till 30, of the energy necessary
to a conventional system:

- The system 15 bulky:

- The control system in the solar absorption machine is not
simpler than that used for a conventional system;

- The Li-Bi-water mixture is not recommended when using solar flat
plate collectors:

- The cost of the solar system even in the event of mass pro-

duction will be higher than the conventional one.

Mumma and Sepcy, as already mentioned in the case study on
solar air conditioning performance in Central Ohio, had calculated
that for the 7000 Kcal/h solar air conditioning unit with $480/ton
of fuel, 20/ annual escalation of cost of fuel, and 9% interest
rate, 20 years are required to break the additional $3000 first
cost of the unit and an appropriate fraction of the collector-storage
control. This calculaticn is for the moment rather optimistic in

favour of solar refrigeration unit,

Further R and D is necessary to simplify the system, to improve
performances, to reduce the cost, and particularly to decrease

the percentage of energy necessary from an external source of power.
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3. SOLAR SPACE HEATING

As stated before, solar space heating can generally only be
auxiliar:' to a conventional system and an external source other
than solar energy should be utilised in the majority of cases.
Many studies have been made on the economics of this mode of heating.
The energy saving varies from 30 - 80° of the total ccnsumed heat.
It depends on, inter alia, the climatic conditions, the form, lo-
cation, orientation, number of Iloors, the area of sheet glasm in
the external walls, materials, insulation and mode of utilisation

of the premisges.

A valid evaluaiion cannot be made unless the paramaters inter-. .
vening in the problem are known. However, an optimistic perspective

could be expected if adequate architectural solutions, well de-

signed heating systems and cheap, reliable solar collectors are
used.
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SOLAR UICTILLATION

In 4 first approrimation, tha construction of solar distillati:.

plants could te put iris swo categeries:

Alu inium s'ucture and shet glass for “he wrlls and cover,
butyl rublic i or withou. insulati . Locneath it, ard oiil-
cona rubber {or sealing. This techaology is reliable and its
productivity is relatively nigh. The cost varies according

to the lecal paremeters, Joi »xample, in the casz of the

!
i

. . . 2 .
plant a* Fiilardos in Greeee, which has 2,447 m” net evapovatin_

surface 3310 m2 ~otal svrface and tu-4i2 n.‘%/d of fresh water,
the cost waz about $35/net avaporating m2. The approximative

breakdown was the following:

Item Approximative cost
in__§
Conerate congt—.ctions 15,000
Aluninium construntions 11,000
Batyl 1ubba: 7,000
Glasses and labour 7,000
Sealastic 5,000
Pumps 2,000
Pipes-systcm etc. 8,000
Trensroriation fses 3,000
General Txpenses 8,500

\Insurnrces, Testrum etc.)

62,000

Tha cost of excavation and levelling work is not included.

Berick or hollow concrete blocks for the walls; concrete pé.in‘;-'*'
black fcr thie basin, sheet glass with a small quantity of alu-
minium for tlie cover structure, and tarplastic for the sealirng.
The estimated cot of ~ 2,000 rr.2 uet evaporating surface wag

estimated at ‘7314/m2 of net evaporating surface, in India.

There two tecraologies seem to be reliabla. The second one can

easily b: transferred to the least developed countries, whe.se it can

be reprocuced vithout great diffieulty,
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Mustacchi from the Universtty of Rome, in his paper to the
UNESCO/WMO Symposium on Solar Energy, August - September, 1976,
has calculated that for up to 50 nd of fresh watcr per day (which
represent a solar distillation plant of 17 - 20,000 m2 of net eva-
porating surface) the cost of preduction would be i1uss than 32/!!13
when using solar stills. He also stated that this latter type of
installation is more economical than fossil-fired desalinat ion up
to 50 m3/d. See fig. 1.
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CHAPTER III - SOLAR EN I : 0 COUNTRIES .

1. EVALUATION OF SOME EXISTING EXPERIENCE IN IEVELOPING COUNTRIES
Greeco

The major development in the field of solar onorgy is wator
distillation. The most important installations in the world are

here - Nyseros, Fiskardos, otc.

The basic tcchnology of Deliyannis' stills is an aluminium
stiucturs with sheet glass for the walls and roof. The black absor-
bing surface is constituted by thin shects of butyl rubber: tightness
is ensured by rubber silicon sealant. This technology seems to be
reliablo, but it requires matorials which are not often available
in most dovoloping countries and its cost is relativoly high. Such

stills can only bo rcproduced if good technicians aro available.
India

India has an ambitious programme in solar energy R and D,

including:
Solar water desalination:

There is already one installation in Bhavnagar for 0.9 m3/‘1&y
and another of 5 m3 /da.y is under construction. The principal materials
are bricks, cement, glass, a small quant ity of aluminium and wood
and elec rician cotion insulatin,_ tape. The black absorbing surface
is concrote painted with tankmastic. The total estimated cost for
this installation is about $28,000 or about $14 per effective ova-
porating m2. The oxpected average production of this installation is
about 2} 1itres/m2.day. This technology secms to be reliable and

easily trancferable to other developing countries.
Solar water hecaters:

The Bharat Heavy Electrical Ltd. is awaiting the results of
experiments on a variety of solar collectors beforo launching mass
production, and it is difficult at the moment to forecase the cost.
However, it is envisaged to conetruct solar collectors under the super-
vigion of this corporation, using aluminium roll bond techniquo and
a factory for such producte already exists.
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Solar space heating:

A system of heating by hot air has been devcloped but the
cconomic ovnluation of such 2 system cannct be mado without the re-
sults of the ambitious programme of rescarch cnd development on solar

collectors.
Solar pumps:

The Birla Institutc of Tochnology and Science in Pilani has
already constructed two prototypes of a solar pump without mobile-~
parts. Thosc two prototypcs are now under experimentation. The first
ovaluation shows that the water cold pump is promising and that the
cost of the installed prototype could be .I the order of magitude
of 32,000 per kw. A l-rge wumber of technological problems are still
to be rosolved and it is hoped that by the end of 1976 a concrete
evaluation can be made regarding the technelogical problems and the

reduction ¢{ the manufacturing cost a.

Problems criet in the ficld of sol-r drying, solar air condi-
tioning and sol>r rofrigeration, but no concrecte results are oxpocted

for some time to comc.

In the field of cenversion of solar cnergy into mechanical
energy, some work has becn initiated but no results can be cxpected
in the near futurc. Scme collaboration is e¢nvisnged with the Gevern-

ment of the MRG and 2 oroject is under negotiation.

In the ficld of wind cnergy, tho National Acronautical Laboratory
is werking on prototypes using n technology similar to that used in
western countrics. Concrete resulte can be expected by the ond of

1976. This work is conducted in throc directions:

- improvoment of the existing rmltiblade windmill model for irri-
gation

- 1 - 5 kw nominal, wind velocity 5 m/sccond with 2 - 3 blades and
flap control, for electricity gencration

- windmills to power pumps for salt works

They arc trying to combine the pumping of water with the gene-
ration of electricity. They hopc to have small windmills for about
$1,000 per installed kw for a wind . volocity of 5 m/second.
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The most important solar encrgy programme in Mexico is solar
pumping, which is based on the SOFRETES (French) technology. 4
low *emperature solar turbino of 25 lw driving an electric generator
which in its turn drives sme or wother pump, depending on the power
output, has been installed at San Luis de la Paz, about 350 km from
Mexico City. It is already in cper~tion but the cost is still pro-
hidbitive. 11 pumps of 1 kw are already instnlled, 8 are under con-
struction and 1 solar pump to be driven by rotative sular engine

will be installed in the very neor future.

Interesting work has been done on the construction of solar
collectors using asbestos cement as a container, aluminium roll
bond imported as water ducting and absorbing surfaoe, 2 shect ‘glass,
silicon rubber sealant and fibre glass as insulating materials.

The prcsent cost is about $50 per m2. Also a solar collector using

a fibre glass container is in the R and D stage.

The cost of the solar pumps installed in Mexico is still pro-
hibitive and somc $20 - 30,000 ner installed kv represents the
oxisting rate. lMexico ic planning to produce in large number the
small range of solar pumps cxport to other developing countries,
However, with the present reciprocating freon engine and the high
cost of the other componcnts of the systom (solar collectors, heat
exchangers...) it will be very difficult to withstand the competition

of Diesel and gasoline cngines.
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DISCUSSION Oi PROBLEMS AND SOLUTIONS

Developing countries should be interested in increasing the

utilization of colar energy. Applications which could be feasible

under the present conditions are:

Solar sea and brackish wate. Jdistillalion for small and medium
productior. An order of magnitude of 30 m3/ day seems to be
reasonable-

Solar domestic water heating on an individual or collective
basis. This type of ecuipment is already very popular in
countries ruch as Australia, Japan, USA and Cyprus and its
compet itiveness has already been proved. The technology of this
application is rather easy and should be adapted to local
cunditions.

Solar Drying. This type of dryiag has always been utilised in
the open air. WNow, with simple apparatus, it should be possible
to obtain clean, healthy, and better miality products. Equip-
ment 1s simple and could be manufactured without great difficulty.
It is advisable that local institutions prepare adequate designs
for demonstration purposes. Farmers could use these models

to manufacture their own dryers. The use of assisted power
solar dryers could be envisaged in places where energy is cheap
and maintenance and repair are easily available. But it will
not often be a good solution io transform the mechanical or
elec rical energ’ into heat .o drive the neces.ary fans.
Combining wind energy with solar drying could constitute a

grod solution.

Solar Engines. Many protoiypes already exict on the market.
Scme of them have heen tested over a period of years, some for
montas, and others are only now ready for testing. Under the
present conditions it ir very difficult to advise developing
countries to use these solar engines for purposes other than
experimental. Their cost is still prohibitive and the techno-
logy has not yet been thoroughly tesied.

For solar electricity which is generated by solar engines, the
above paragraph is applicable. If 1t is generated by photo-
cells, even thiugh the technology of silicone cells is reliable

and many institutions claim that CdS cells are also reliable,




the presert cost of (hese cells is very high and it is not

advisable to usc them al present iv developing contries for
purposes cther than evperimental. The technclogy »f photo-
cells s s5111) under doveloprent and it is hoped that in a
not Loc long lterm, they wil have the same su .ess that tran-
sistors have had. In such a ~ase, cmall developing countries
could envicase the asscembly of sach units, and large ones
could envisage partial cr total manufacture.

- Solar refrigeration. Unit s indepondeat of erternal sources
of power ar» under development but cvven for smi1ll cooling
capacity, very lairpe curifaices ana very heavy weighis should
be expected frem such waita. In the caze of intermittcent or
continuous absorption machines, the solar energy equipment
will constitute an additionzl part to the cenventional ones.,
The existing tcchnology seems to bz fzasible,; but aa exact
feasibility study should be prepared to determine to what ex-
tent and perecntage external zources of power could be a:ep-
table. The manufacture of ice is a good solution in many
cases because it 1s transportable and can be used for the pre-

servation of food or other products.

* * *

Given that the solar engiuaes coastitute a very important application
of solar encrgy utilisation, aad that vhis subject has not yet

been popularised, the Collowing paragraph will focuse on this appli-
cation. More concern with engines of the range 2 - 15 kw will be

given in this discussion.

- The cost of the enginc itself depends on the number produced
annually and also on the design (rotative, reciprocating, with
several alternatives of eich type). !luch development work and
kriow-how must bc provided before 2 well-dzsigned engine can be
developed. Improvement ol cffiency is important but should
not be at thc cost of simplicity, robustness or the possibility
of local manufacture in developing countries. Sophicticated
control should be avoided in usirg smnll engines because this
requires the availability of highly qualified teslnical workere

to ensure maintenance and repair.
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It is not desirable to have a heavy engine. This could reduce
the price of the material, no3sibly the manufacture, and faci-
litate transport and installation.

Head exchangers. The technology used by SOFRETES has evolved
gre tly and the new trend i now to use plate ieat exchangers.
Nevertheless, using standard heat erchangers produced by local
refrimeration aud Aair conditioning firms may present a solution -
for example, lr. Minto, President of Sun Power Systems, has
indicated that he is using for his 10 kw engine an evaporator
and 3 condensor manufactured by Carrier, the cost being appro-
ximately %2,000. SOFRETES, till now, charges about $5,000

per heat cxcha.igers nececsary for 21 1 kw engine. So, in the
case of large production,; the cost of heat exchangers could

be 21 couple of $100 per ku. The muwufacture of such components
in the majority of develoning countries should not present
real difficulties. Comnon materi~1ls should be used if possi-
ble to reduce the cost wnd to simplify the technology. Stain=-
less steel, for example, is cxpensive and difficult to weld.
If Butone could be used, stainless steel will not be necessary.
Solar collectors. Flat plate collectors using direct and
diffused solar radiation airc now well kinown in developed and
mary of the developing countries. The cost varics between

$35 and $100 pcr m2. For evample, theose constructed in Mexico
according tc the SOFRETES design using 2iuminium roll-bond,
fibre glass and asbestos oanclletas with two 3. mm sheet glass
cost about 350 per m’. The cost of solar collectors could be,
in many ~ ~es, reduced by using metal tubes and sheets (in
case a roll bond manufacturer does not cxist in the country,
available local materials for containers and insulation--rico
husk, straw. these materials could be chemically treated
against thc action of insects.) Unfortunately the cost of
sheot glass is often vory high iu developing countries, with-
out real justification.

Regarding the sealing of solar collectors, a cheap and long-
life sealing is nol yet available on the market, and till now,
silicon rubber seems to be the best material, but it is very
expensive.

Working fluid in solar engines. Many fluids have been experi-
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3. UNTDO'S ROLE AND ACTIVITIES

UNIDO wisics to ascist developing countrices in the field of

solar and wind cnergiecs.

Thi< assistance could he en~urcd bys

- providing a valid evaluation of the cxisting technology and

off 2ring the scrvices of »n officient information system;

- organizing scminars -1 orpert group meetings:
- training technienrl personnel through fellowships; study tours

and specinlized coursee 1o be organized in nollaborotion with

multi- wd bi-lateral institutions:
- strengthening the cooperation betwecen developing countries: and
- implementing naticnni, subregionnl and regional projects which
may have for objectives:
In the long term -
~ to provide agriculturc, industry and social institutions
with locally manufactured solar and wind equipment with
adequate production costs using to the maximum local
materials as well as the appropriate technelogy for the 4
production and utilizaticn of this cquipment (simple desigm,
robust cquipment, ¢asy running, easy maintenanco, and
lnbour inicnsive production, if possiblc), and to study
the feacibility of solar, wind <nd bioghe equipment;
And in *the shori torm -
- to determine the cquirment vhich could be cconomically
used in the ncar futurce’
- to test and adapt to local conditions, squipment available
in other countries, but in any casc, doveloping countries
should wnot constitute a free laboratory for developed

countries, rcsults of R ~ad D should be shared equitably;

- to initiate pilot projects for manufacturing solar, wind

and biogas ecuipment,

Financing such UNIDO/locwl, subregional and regional projects
should be discussed between the soncerned partices and especially

with the finwcing sources.

UNIDO has already developed some small solar and wind oncrgies

projects, two of them in the ficld of solar distillation and they are




basod on techaclogy developed in Indin and Greoce.

UNIDO in collaboration with the Austrian Solar and Space

Ageney is planning to organize in the vory near future an expert

group meeting i be held in VIENNA, in which discussions will bo

condWeted on the following subjects:

Solar water distillntion

Solar water heating

Solar drying

Solar cuoking;

Solar Refriger-tion

Conversion of solar encrgy into mechanical energy and
solar pumping

Windmills

The discussicns in this oxpert group meeting will focus on

the techno-ceconomic aspccts and on the appropriate technology, and

it is hopod that it will permit the definition of technologies

which could be used cconomically in the short and medium term in

Developing Countrics.

L s
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COMCLUSIONS AND RECOMMITDATIONS

Solar energy is inexhaustible, omnipresent and non-polluting.
It constitutes an incstimable source of energy which should be

exploited to the maximum by developing countries;

Utilization of solar energy in sca and brackish water distillation,
drying of food products, water heating, and in some cases, space

heating, already secms to be cconomically feasibie;

Solar engines, solar electricity, solar refrigeration and space

air conditioning have already passed the 1 and D stage and will

appear on the commercial market in the near future. However,

their cost is still prohibitive. A prolifecration of commercial

companies in this field is emerging. They promise equipment with

very optimistic performances including a very long lifetime, which

has not yet been proved; Devcloping countries should be aware of

this situation when ncgotiating the transfer of solar technology.

The preceding chapters of this report could be advantageously

consulted to give o first valid idea. UNIDO could, to some !

extent give valvable technical assistance;

R and D must be strengthened in developing countries. Available
scientific, technical and human resources should be optimally
utilised, but X and D activities arc time—consuming and very
expensive. Regional and sub regional projects ire therefore
recommended to save time and monecy. The idea of implementing
such projects with national nuclei, each specialising in one or

more application, seems to be feasible,

International and/or rcgional Expert Group Meetings organised
preferably by neutral and specialised institutions, such as UNIDO,
should be held periodically with a view to evaluate the existing
technology in the field of solar and wind energies in order to
define the appropriate technology for the developing countries, and
to elaborate a programme of technical assistance aiming to develop
the utilization of solar and wind energy, to intensify R and D, to
initiate the manufacture of equipment and to strengthen the transfer

of technology between developing countries;
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When con;aring the feasibility of solar equipment, the
increasing cost of energy should be taken into consideration
and as solar eguipment will be mass produoed in the future, at
least for some applications, its position in such a oomparison
will be better and an optimis'pic perspective_oan be expected
for the utilisation of solar energy, for example, the cost of
silicone solar ceils was about }20,000/kw peak in 1975, They
could now be obtained for 13,0003

Cooperation among developing countries is already feasible.
Many fields of solar technology could be advantageously
irasferred, and; at the leant;, coordination of R and' D
work should be initiated.

y
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ANNEX 1

In Nozomber 1974 the Intorna’ional Energy Agenc - (IEA) was
ostablished. Its currcnt members arc the USA, Austria, Belgium,
Conada, Denmerk, FRG, UK, Irclond, Italy, Jepan, Luxemburg, ,
Netherlands, Spain, Sweden, Switzerlend, Turkey, Now Zoaland.
Norway and thc Commission of the Luropean Communities participate

as obsorverse.

The IEA orgrnisations consist of scveral committees — one
of thuse is the Committec on Enerny Resoarch and Dovelopment. The
Solar DEncrgy IExpert Group has devoloped five eooporative projects
in the arcas of solar heating and air cooling of buildings and solar
radiation mcasurcment and analysis. In lNovember 1975 the IEA Governing
Board approved undertaking cooperative work in soven new technological
arces including solar power systems, wind cncrgy, ocean thermal
encrgy and bio mass convergion., Following is a description of five
of the projects undertaken.

PROJECT I: DEVZLOPM™NT OF SOLAR IITATING, COOLING AID HOT WATER
SUPPLY SYSTIMS

The objective of projoct .. is to cstablish and organize
cooperation bctween the participating countriog in two areas that
primarily arc rel-~te? to the system as o whole.

The {irst arca covers modelling and gimulation of systoms in
order to calculate the thermel performance. The socond area covers
measuring and rcporting of thermal performance as well as reporting
of information on durability and cost of systems. These two aress
togethor form the overall objectivo which is to provide a basis

for thc cost coffoctive optimization of systems,

A successful complction of this project will have the following

rosultss

- information on and an cvaluation of cxisting computor programmes
for calculating thermal performanco of systems,

- o standard international procedure for measuring thormal
performance of systems,

- information on thormal performance, durability and cost of
existing and espccially for ncu systoms,

- a procodurc for designing economically optimizcd systoms.
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The scopo of this sub=project is defined Ly the following four tnsks:
(1) Assossing the status of modelling and sirmulation of solar
heating and cooling systems.
(2) Setting up, o standard nroccdure for meas 'ring thermal performance
ol systcms,
(3) Setting up a format for reporting thermal perforaenco,
durability and cost of systems. Collecting information occcording
to the Cormat.
(4) Settin up a proccdurc for designing economirnl optimized

systems.

PROJICT 2¢ DEVILCPIIIT OF COPOIIL'TS IFCR SOLAR HEATING,
CCOLING AI'D IIOT UATER SUPPLY SYSTEM

To accclerate the dovelopment of the components of solar
hezting, cooling ond hot water supply systems by exchengo of -
information and plens by the rcview of on-going and new development
programmes in the participating countrics.

The vinbility of soleor heating, cooling and hot water supply
systoms for ccumcreinl applicotion depends upon the effectivencss
of thc key components. Mojor R and D efforts arc, accorcingly,
being undertaken in participating countrics for improvements in
performance, durability znd cost rcduction for the key componcnts,
The sharing of knowledge and teclhnologics through this exchange
of information and plans would grootly accelerate the development
Jf more cifective componcnts and would eventually clleviate the
finencial and technological burden for these R s~nd D efforts in

the participating countrics.

The key componcnts of the solar hcating and cooling system

that will be included in this project aros

- solar collectors,
- thermal onercy storage,
- solar cir conditioning, and .

- othor major componcnts, s appropriato.




FROJECT 3: FIRFORMAIICE TESTING OF SOLAR COLLICTCRS

Development and utilization of stondeord teet procedures to rate
the perforriance of o broad ~lass of collector: for use in heating
and/nr cooling applications. ‘

The collcctor is a kcy componcent in a solar oncrgy systom,

A variety of diffcrent collcctor designs with o broad range of
qualitetive diff.rencos arc known, Performance testing in ordor to
rato the technical ond cconomicel and potential of the component
collector is on urzent taske. Thercefore, it is important to use
standardized mecthods to determine the officicney or the cnergy ,
ottput of o collector, and to precdict its rclisbility and durebility.
It is cxpccted that perfermance rating can be achicved by spocifying
a fow char~cteristic qualitics, such cs optical, thermal, and
mechanical properties. A performnncc test proccdurc must allow one to
meosure or to state thesc propertics, The intcrim tost proccdure
(NBSIR-74-365) proposcd by the National Durcou of Stupdards of

the United States is a first step in . this dircction. This tost
proccdurc it alrcady uscd or considecred to be used in meony membor
ocountrics as a besis for furiher dovclopmente The difficulties
inherent to the NBS procecduro arc duo to a restriction in
cnvironmental cbnditi‘ons which allow to carry out a test in

climatic regions such ag in Middle Durope only during a fow woeks

of .hc year. These problems may be solved by applying simulators,
ie0e by applying artificial sung and rcproducenble climatio
conditions in climatic chanbers. The applicability of simulation

is a main goal of this projcct.

The succussful complction of ¢ll the taskes will (1) yield
reliable data for system design, (2) provide enginecring edvice
in collecctor dceign, and (3) provido a hnsis for quelity standardas.

This implics thint the test procudures hove to be sciontifjicelly

correct, sufficicntly accurate, and ss simple as pocsible.
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The overell goal of the resoarch work is to roduco performanco
testing to the cvaluntion of a sct of choracteristic parameters
which dcfine the optical, thermal, and mechanical, properties. To

achiove this poal four tosks hove been identified.

(1) Dcvelopmont of rccommondod tost procedures to detormine
thcermal performonce outdoors.

(2) Dovelopnent of reccomcnded test proccdurcs to dotornine
thermal performance indoors,

(3) Development of rccomacnded long=tcrm outdoor and acceler..ted
indoor test proccdures to determine mecchonicael performance

(4) Conciso documentation of the rcsults in a collcctor referonce
book.

PROJECT 4: DLVELOPIIINT OF AN INSOLATION HANDBOOK
: AND TNSTRUMEITATIQN PACKAGE

The objectives of this project aro (1) to compile and
distribute a llandbook on insolation and rclated weathor moasure—
monts for solar cncrgy applications, and (2) to desig, build, tost,
cvaluate and rccommend o portable, low cost insolation end rolated
woather dota instrumentetion packoge to be used for measurcments
at the sitc of a solar cnergy system, both prior to and during its
opcration, This instrumentation package will provide ossential
data in 2 suitable format for o largc pumber of solar onergy
application studies and cystem designs. It will also bo used to
gather necegsary data for system or sub-system performance
evegluations,

A significant and well developed body of knowledge and
experience in insolation and related weather measurements exists
in national meteorological centers throughout the world. There is,
however, a need to summarize this knoulcdge for valuable and
necessary guidance and support to the many developing national
solar energy programs is lacking. The handbook to be developed
as part of this project is directed at filling this need,
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Bach country, anticipating the future significant utilization
of solar energy should have the means to measure the solar radiation
and related paramcters in all of its differen® olimatio regions, and
in r:>zions of forecasted pupi.letion or industrial growth, or at
potential solar uvaurgy utilization sites. In addition to these
general and specific site evaluation neods, the design and evaluation
of solar enersy systems and corpoinents requires certain essential
solar radiation and weather dates The insolation instrumentation,
which is the subject of thi= sub-project, will be designed to provide
this information, within the constraints of low cost and portability.

The successful eompletion of this sub-project will (l‘o
provide & valuable data resource - the Insolation and Rolated
Weather MNeasurcments IHandbook, drawn togcther by international
oxperts and disseminated to IEA member countries, (2) significantly
facilitate the understanding of tho insolation/weather aspects of
systems tests and demomstirations in the partiecipating countries,
gnd (3) provide for a more effective and useable exchange of
information on the performance of those systems thereby allowing
each participating country to rill in the gapsi in its own national
program with the cxperience and results of aetivities in other
ocuntries,

Five tasks heve been identified to achieve the two grneral
objectives of this project. They are:

(1) Preliminary evaluation of the Instrument.tion Package
Performance Speeifications and Identification of available
Hendbook material. ) .

(2) Establish Instrumentation Package Performance Specifications.

(3) Design, Puilding and Testing of Insolation Instrumentation
Packages . .

(4) Comparative Testing of Insolation Instrumentation Package.

(5) Devclopment of Insolation Inatrumentation Package

Recommendations,
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PROJECT 5¢ UST OF ZXISTING METDCOROLOGICAL INFORMATION
FOR SOLAR INIZRGY APPLICATICH

The objectives of this projecis are (1) to determine the
quantitative rclationship betwcen mcasurcments of solar radiation and
other relevant metecorological parametcrs, and (2) to develop an
intornationally uniform system of presentation of solar radiationg
date in order to facilitate the celculations for utilizing solar energy.

The project will concentrate on two major tesks; (1) to
advise on metiinds of cstimating the solar radistion incident upon
a.horizontal or an inclined surface by mcans nf solar radiztion
measurcments or other rclevant metcorological data, and (2) to
improve the quality of current and past rccords, of solar radiation

and to makc them available in standardized form,

The following reporte or rocommendations will be prepareds

- Recommendation of an internationally uniform formet for
presentation of solar radiation data for uscrs and designers
of solar cnergy systems.

- Catalogue of sourecs of solar rodiation data and relevant
meteornlogicel dats for planning and design of buildings and
equipments utilizing solar cnergy.

- Report on methods of estimating soler radiation incident
upon a horizontal or an inclined surfacc Ly mcans of
metcorological data with special rogard <o the requiroments
of the desisners and the usors of solar cnergy systems.

- Recommendations concerning the metesrological obscrving
stations in order to improve their measurcmcnts of solar
radiation according to the nceds of the usors and dosigners

of solar cnergy systems.




ANNEXES

ANNEX 2
Source: Swall Solar Pouer Syst:ms

Austiian 3olar and Space Agency, iSSA PA-3, August 1976

Ideslly, an informitica sysem in the solar cner field
v 3

should provide for the Tollowing functions:

- Suprost of R + D, by ordercd dis-emination of inform~tion on

p~Fv and currcnt research results.

- Technology transfer, Ly providing repickaged rescarch and

developmert results in 2 form suit-ble for direct application.

- Planning dnta, for cxampl: on climotic narameters, but alsc
including cost nad cconomic datna, stradnrds, legislative and

regulatory aspects, etc.

The survey has ~5> far concentrated on the support -of- R+D
role, 16 probably being the most important 1t this early stage, when
soveral countrics are still in the programmc planning stage. HNever- f;
thelees; in the long term the other information system functions
are at least of uqual import~ance. At presont, most of the countrios
for which d~tn has been obtaiined are not yet in a position tc im-
plement information systoms in tochnology transfor and planning
data in sclar cnorgy, 3lthough therc are plans for such activitics
and in one easc (the USA) these plans arce in tho early implementation

stages.

The concept of 1 totnl informatiecn progrymme is also being dis-
cussed, particularly in the USA: such 2 syctem is designed to
porform multiple functions, ronging Yrom the traditional R + D
suppo™t role through teclmolugy transfer to infermation aimed nt
local authoritics, public utility organizations and cven the genoral
pudblic, to promntc the use of solay energy s a means of conserving

or replacing oivher cnergy resources.

Even in the awrer of R+ D support, however, the results of tho
survey so far obtainod show that in moet countrics the situntion has
not yet crystaliscd 1o the point At which the g£pecial nceds cf the
sciontists and cnginsers active in the Fizld have boen acssessocd

nd 2 database consiructed to meot the nceds. The information re-

source in general is scattcrod throughout a wide varicty of journils
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. 1laboratory reports, and cxzcept in the USA and possibly in the
Federal Republic of Germnny, is nol yct being orgnanigzed for oasy

access.
Scope nnd Coverage - The Informition Resource

Selar cnergy, from . scientific wd technicnl information
point of view, is 1 sub-ficld of Bnergy as 2 vhole, ~nd like cnorgy
information genernlly is ™tronsdiscipiinary", i.ec. the information
remuired by  projnce tewn cagaged in an R + D project is to bo
found in muny of the sub-disciplines of physics, ongincering and
other sciences. For project plwning, nccess tc metcorological
and possible guclegicnl information will be reouired, and for
planning ~nd assccsment work, resource dita and cconomics will

alsc be nccessary.

It follows that vhile subdivisions of the ficld may be uscful
Jor the purposc of classifying documents, the total stock of info-
mation cannoct and must not be divided into isolated blocks, one
relating to wer systums, another to heating and cooling applications,
A third and fourth to solir thermal and photovoltaic cenversion methods
etc. A databasc relevant to sclar clectric power generation cannot
bo uniqucly identified s 1 scparate entity distinct irom that for
any other area of rescarch, development or application. Indecd,
in many aaalytical and asscegsment studics in solar cnergy using,
for oxample, systcms walysis or technology forecasting techniques,
access to other arcas of cnergy 'nformation might be required in
addition.,

The scope and coverage of scientific and tochnical information
in solar oncrgy is wcll illustratcd by the follovring solir cnorgy
category definition in the currcnt ERDA Encrgy Information Ditabase

subject crtegery listing.

"Information on conversion of solar radintion to useful amounts

of electric cnergy, the use of solar cnergy for heating and cooling,

or any other usc of solar cnergy that might contributo tc the total
energy budgoet. Information relating to 2ll technical aspects of tho
dosign, rescarch and development, manufacture, testing, and operation
of solar cclls and solar collecters arc included. Also included is
information on matorials with indicated utility in solar cells or

solar converters.”




Size and Characteristics of the Database

Taking the above definition of scope and coverage, there are
probably some ten thousand relevani articles, reports and mono-
graphs, mainly in the English languare, which constitute the basic
information resource. This probably does nct include much material
from Eastern Burcpe and the USSR, and may not include literature
published in Jipanese. Also, lierc may be an (unknown) quantity
of material produced by individual firms not published or otherwise
made availzble for disceminaticn: the estimate certainly includes
a high propertion of recults Irom :rork done by industry under pgovern-—
mert agency contract, ‘tu the case <f material originating in the USA.
It can be evpected that ilie proporiion of so-called "ion-conventional
literature (i.e. laboratory and contractor reports, which do not
appear 1s formal publications) 1'ill be high, as is usually the case
in mission-- or application-oricnted R + D fields. For example, in
atcmic energy Lhe ratio of non-conveniial *to cenvential literature
is 1:5. The growth-rate of scientific and technical literature re-
levant to solar energy is increasing: a reliable estimaie is that

additions will reach a fipgure of 200 per-month in 1976.
E + D Infermation in Europe (Sources avallable)

The survey of scientific ind technic:l intormatinm activities
in the IEA Buropean meuber stater ir inr from complete, tut a
source of information [{recuently mcittoned wiait that contiined in the
computer files of the RECON (Remnte Console) interactive information
systam operated by the Space Documentation Service of the Buropean
Space Agency, which can be accesved through a data network, ESANET.
Nodes of th::s netuork are located in Denmark, France, the German
Pederal Republic, Italy, the Netherlands, Spain, Sweden and the UK.
Access is, hovever, possible from other countries using normal dialled
telephone connections. Some luelve computerised information data-
bases are avaliable for interrogation, of which the following have

been identified as having some sol.r cnergy content:
2 &y

NASA (2orospace and relxted t echnologics)
INSPEC (a2pplicd physics)

METADEX (metallurgy, ete.)

ENGINEERING INDEX (general engincering)

Goverament Rasearch




Abstracts (NTIS - technelogy)

All the above, except INSPEC arc USA products. The occasional
useful reference could 1lso be found in other files available over

the networl, c.g. World Aluminium Abstracts Huclear Science Abstracts ‘ l
and Chcmical Absiracts Condensates. '

Because this information resource is available to users in
most of the European IEA member states, it is of some importance
to estimatc the probable relative coveragse of the subject in these

files, as compared with the toal national sclar cnergy database.

While it could be argued that the total databasc does not yst
cxist, the neirest approximation tc it is the content of the solar ,
Energy Bitliography nroduced by ERDA, r.hich now contains approximately |
10,000 itsm. The total relcvant content of the ESANET databascs
probably wmounts to som:thing cver hali' this number, but nc exact
estimate can be made without o detailed overlap check which is costly _
and time consuming. Ncevortheless, the eristence of the ESANET g
resource and its general availabiliiy within Western Burope is a
valuable assct to R + D work in that zrea. It does not, however,
contain informition on current research. With regard to future
growth 1t may bc that coverage of the subject from these databases
may tend to deteriorate sumowhat oiing to the fact that as the US
golur energy programme grows, much of the resulting material will
appenr on the ERDA dntabase (ERDA contractor report etc.) in pre-
ference to the otucr databnasee. While non-ERDA solar encrgy material,
where appropriatc, will 2ppear in the Engincering Index databnse,
and NTIS will presumably maintain its present covarage, the problem
would best be solved if the new ERDA dnrtabasc werc available for

interrogation over ESANET.

Turning to non-computcrised sources, contracts in the IEA
membor States were asked to indicnte what journils and other publi- .
cations thuy found useful. Replies so far recoived arc insufficient
to permit conclurions to be drawn. The general impression is, however,
that useful information is disperscd over so many publications that
claseical literature soarches yiclding a satisfactory percentage of

the material rclevant to 2 problem is A major difficulty oven for those \

users with access to major libraries.
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So far only two attempts tu create a specialised energy data-
base with 2 significaut solar encrgy content have come to light during
the survey, both in the Federal Republic of Germany, one at JULICH
and the other 2t KARMSRUHE. The latter centre is the German focus
for inpuw to INIS and is therefo : the contre of G« ‘man information
services in the atomic cncergy field. 1t 1s undorstood that this
activity is becing extended to cover the whole cnergy field. The

JULICH colar encrgy databank is in the planning stage.
R + D Information in the USA (Intrcauction)

The present position can best be understood in rclation to the
dovelopment of the ERDA Encergy Information Database (EED3). This B
is 2 ccmputer database composed of 211 items reported in ERDA
Rescarch Abstracts, which covers all publications reporting ERDA-
sponsored rescarch, Energy Abstracts for Policy Analyesis (also an
ERDA publication), the ERDA inpui t¢ INIS in nuclear scicnce and en-
ginecring and non-ERDA non-nuclear material appearing in the pub-
lication Encergy Abstracts. This latter is 2 sub-set of Engineering
Index but specialisces in all engineering disciplines rclated to cnergy.
Thus, both ERDA and hon-ERDA material in the field of solar cnergy is
included in EEDB. DMaterial or non-US origin is acquired by cxchange
agreements. It is understood that EEDB will replace Nuclear Science
Abstracts in July 1976. Solar energy information originating before
the crcatioa of EEDB arosc from many sources apart from the published
literatu » (the NASA and NSF prc¢ rammes for cxampl ) but it is be-
lieved that 111 this matcrial is included in a Solar Energy Biblio-
graphy published by the ERDA Technical Information Center.

Organization

The implementation of the ERDA scientific and tochnical infor-
mation programme is the responsibility of the O0ffico of Public
Affairs., The Technical Information Center at O2k Ridge, Tennessce is

responsible for 211 ERDA tcchnicil publications and creation of the

database. The ERDA database is wailvble for interrogation within the
USA over the ERDA (formerly AEC) RECON network, serving ERDA centres
and main contractors. The central node of the network is also at

02k Ridge in the Onak Ridge MNational Laboratory.
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Solar Energy Content of EEDB

The sub-catcgorics of solar energy included in EEDB are as

follows:
RESOURCES AND AVAILABILITY

HEAT STORAGE AND REJECTION

SITE GEOLOGY AND METEOROLOGY

ECONOMICS

ENVIRONMENTAL ASPECTS

SOLAR ENERGY CONVERSION
PHOTOVOLTAIC CONVERSION™
THERMIONIC CONVERSION
THERMOELECTRIC CONVERSION
PHOTOSYNTHETIC CONVERSION
PHOTOVOLTAIC POWER PLANTS
SOLAR THERMAL POWER PLANTS
ORBITAL POWER PLANTS

Other Databascs

TOWER FOCUS POWER
PLANTS

LINEAR PARABOLIC
POWER PLANTS

OCEAN THERMAL QGRADIENT
POWER PLANTS

SOLAR RADIATION
UTILIZATION

SPACE HEATING AND ATR
CONDITIONING

COOKING

FURNACES
DISTILLATION
DRYING AND CURING
DESALINATION
WATER HEATING
HEAT ENGINES

SOLAR COLLECTORS AND
CONCENTRATORS

Computer databases containing relevant materials are NASA,

NTIS, and COMPENDEX (Enginecring Indox).

of EEDB will, it is understood, contain material from these files.

The solar energy category

Pro-1976 relevant information from these files have been included

in TIC's solar encrgy bibliography.

A bibliography on solar thermal cnergy is published by the

Technology Applications Center at the University of New Mexico.

contains about 4,000 itcms, and is being updated. The extent to

which its contents 1re included in the TIC Bibliography, which has

wider scopc, is not precisely known, but this ought to be nearly

100%, since sources are much the same.

gervice.

There is no computer tape

It




ANNEXES

ANEX 3

LIST OF CINTRES INVOLVED IN TH DIVELOPM®T OF SOLAR ENERGY
UTILIZATION, WITH WHICH CONTACT HAS BWI™ TSTABLISHTD

- Ecole Mationale 3upérieure des Arts et Métiers
151 Boulevard de 1 *HBpital
Paris 13le
France

- Deutsche Forschungs- und Versuchsanstalt fiir Luft- urnd Raum{ahrt
Pfaffenwaldring 33 - 40
7300 Stuttgart
ma

- Institute of Applied Physies
1 Stielt jesweg
Delft
Netherlands

- Centre Mational de la Recherche Scientifique
15 quai Anatole France
Paris
France

- University of Technology
Delft
Netherlands

- Laboratoire de Physique des Solides
1 Place Aristide Briand
92190 Meudon-Bclicvue-
France

- Laboratoires d'flectroniques et de Phvsique Appliquée
3 av nue Descartes
94 Limeil-Brévanres

France
- Centre National de la Recherche Scientifique
Laboratoire de 1'™nergie Jolaire
B.P. 5§
66120 Odeillo-Font-Romeu
Prance

- Central Salt and Marine Chemicals Research Institute
Ci jubhai Badheka Marg
Bhavwnagar 364 002
India

- Birla Institute of Technology and Science
Pilani -
Ra jasthan
India

- Nuclear Atomic Tnergy Commission
Athens
CGreece

et el
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National Council for Inergy
Athens
Greece

Physics Laboratory
University of Patras
Greec»

College of "ngineering and Applied Sciences
Arizona State University

Tempe, Arizona 85281

UsA

Solar Thergy and hergy Conversion Laboretory
College of Tngineering

Uhiversity of Florida

Gainesville, Florida 32611

USA

Brace Research Institute

MacDonald College of MacGill University
Ste. Anne de Bellevue HOA 1CO

Quebec

Canada

Austrian Solar and Space Agency
Garnisongasse 9

1090 Vienna

Austria

Committee on Solar Thergy and Research
Australian Academy of Science

P.0. Box 216

Civic Square ACT 2606

Australia

Laboratoire de l'Fnergie Solaire du Mali
B-Pn 134

Bamako

Mali

L'0ffice de 1'Inergie Solaire
B.P, 621

Miamey

‘Miger

Solar fnergy Application Laboratory
Colorado State University

Fort Collins

Colorado 80523

Usa

Stichting TOOL
P.0. Box 525
Rindhoven
Netherlands

University of Campinas
Caixa Postal 1170
Campinas, Sao Paolo
Brazil

-
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AN EXER
ANNEX 4
BIDLIOGRAPHY -
-~ Small Solar Power Systems, ASSA, TFA-3, August 1976

Results of an enqu.ry on Research and Development perfcrmed in
the member countries of th: International Encrgy Agency, IEA.
Prepared by the Austrian Sclar and Space Agency, ASSA. The
Austrian Solar and Space Agency was charged by the Federal
Ministry of Science and Research to carry out an enquiry
amongst all member countries of the International Energy Agen-—
cy concerning national activities in the field of small solar
power systems. This enquiry includes work being carried out
in member states on Research and Development of solar power
plants and their subcystems as well as information systems

covering this area.

- Flat Plate Solar Collectors and their Application to Dwellings
{Low Temperature Conversion of Solar Energy)
Prepared by A. Eggers-Lura for the Commission of the Buro-

pean Communities. The documentation seciion of this report
surveys the present state of the art, and thereafter a summary
is given of golar R and D uvork undertaken so far in the indi-
vidual EED countries, in other Buropean countries, and in
countries outside Burope that have made important contributions

to solar energy research.

- Survey of Solar Energy Products and Services, May 1975

Prepared by the Science Policy Research Division, Congressional
Research Service, Library of US Congress. This survey was
conduoted to obtain descriptive information on sclar energy

hardware and related services.

Solar Energy - A UK Assessment, May 1976

Prepared by the UK Section of the International Solar Society.
A report of the panel convened by UK-ISES to analyse all as-

pects of solar energy systems and to nssess the potential for
solar energy utilisation and research and development needs in

the United Kingdom and for export.

- Solar Desalination - Status and Potentinl A.S.I.S. Rome, May 1976

Prepared by C. Mustaochi et al. for the Commission of the
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Buropean Communities.

The aims of this study include: a summary of the state of the
art in the field of solar desalinction: 1 choice in priorities
for future programmes of rescarch and development: an indication
of the potential utenefits f technological ad-ance and of the
appropriate siting of the rescarch efforts.

A Survey of Solar Agricultural Dryers Technical Report T99,

December 1375. Brace Research Institute, llacdonald College
of McGill University, St. Aune dc Bellevue, Quebec, Canada

This report attompts to revicw some of the solar agricultural
dryers actually btuilt by cxperimenters and practitioners in

the field.

Les probldmes du desallement de l'eau de mer et dce eaux saumiires
J.R. Vaillant

Fyrolles Tditeur, Paris, 1970

Solar Tnersy for Heating and Cooling of Suildings

Patton, Nayes Data Corporation, 1975

Solar Heating and "ooling

Kreiier and Kreith
McGraw Hill, 1975

Solar Fnergy for Man
B.J. Brinkworth

The Compton Press, Compton Chamberlayne , Salisbury, 1972

The 1972 Handbook of Fundamentals
The 1972 Handbook of Systems

The 1972 Handbook of Applications
The 1972 Handbook of Tquipment

Publiched bv the American Society of Heating, Refrigerating and

Air-conditioning Thgineers, Inc.

Solar Cells
Edited by Charles E. Backus, IETT Press, 1976

Solar Fnergy — A Course of Lectures
Fdited by H. Messel and S.T. RButler
Oxford, Pergamon, 1975

Various publications of the Solar T™nergy and Thergy Conversion

Laboratory, University of Tlorida

Various publications of the Lawrence Rerkeley Laboratory, University

of Califormia
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Various publications of the Brace Research Institute, MaocGill
University

Catalogues and literature from manufacturers and research
institutions

Papers presented to Symposia organised by UNTSCO and WMO,
and the Organization of Ameriéan States

Photovoltaic powerand its Applications in Space and on Uarth
International Congrees -~ The Sun in the Servioe of Mankind
UNTSCO, July 1973,
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