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1. INTRODUCTION 

The 1Jri ter 1Jas conlniissioned by UNIDO to go to Syria as a 'sol a. systern 
equipment expert' for th.;. first part of a split n·1ission, for one month 
bet1Jeen June 15 and July 16, 1989. The second half of the rnission (for 
three 111onths> is si:heduled for June - September, 1990. The mission is 
part of a broad~r project of high-level consultancies and training, 
including a 1Jhole range of industries, from tanneries to 
pharmaceuticals, from cement work• to sugar and alcohol production. 

1.1 Purpose 

To assist the Government in strengthening existing solar energy system 
faciliti•• and advi•• on th• t1tabli1hm•nt of ntw production 
capacities/lines anJ the introduction of related technologies. 

1.2 Duties 

"Fact-finding I trouble shooting I identification of key problems with 
regard to existing facilities in terms of production technology, 
productivity, quality control, repair and maintenance procedures, etc. 

Technical examination and assessment of existing solar systems with 
the view of improving the performance characteristics of existing 
design and production facilities and expanding technological 
capabilities and market of products most needed. 

Preparation of work programme for the implementation of solar energy 
equipment programme to be developed for the introduction of modified 
and/~r new design and production technologies including 
infrastructural requirements, hardware, manpower, training, timing 
needs and financial consequences. 

Elaboration of a Technical Report on each split mission describing the 
course and results of the respective field assignments incl~d\ng 
findings, conclusion& and reco111111endations for follow-up activities." 
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2. MAJOR RECOMMENDATIONS 

Cl) iht Bol1r r~ctory ~hould bt mov•d to th~ p1rtnt company'• etto at 
ADRA, where one bay of approximately 100 111 x 25 m of the existing 
factory could be made available without any difiiculty. 

C2) The ractory should establish a design and development section 
(say, with two young engineers>, which should actively promote 
major industrial process heating installations, in consultation 
with the Renewable Energy Council of the PriMe Minister's 
Department. 

C3> A pressed steel sheet absorber Cof the Eltron type> should be 
manufactured locally: pressing by the Barada Company and welding 
by the Solar ractory CMetalco>. In order to speed up the welding 
process, a machine with 21 spot- <resistance-) welding heads and a 
ring-h4ad should be obtained and installed, 

(4) The aluminium collector frame section should be redesigned, along 
the lines proposed (section 8.2 and rig.8>, to accelerate 
production and improve quality. 

CS> A polyurethane injection machine should be obtained and used to 
pr~vide the back insulation of the collectors. 

(6) An installation and maintenance section should be established, to 
avoid incompetent installations and the lack of maintenance, which 
tend to undermine the crE.-dibility of solar systems. Maintenance 
contracts should be offered with all installations. 

<7> Two training courses should be mounted, one for tec~nicians and 
one for professionals, of ~bout two weeks duration, full time. The 
latter should include the introduction of some computer programs 
used for design, which would necessitate the acquisition of a 
mi~rocomputer C~pproximate cost: $ 2800>. The computer would be 
used throughout the second part of the split mission C3 lllOl"lths) 
to further train thE.- selected design engineerE. 

CB> The perfcrmance of completed installation~ should be monitored, in 
order to find any mistakes and promote itrrJJrOvement. An analogue
to-digital converter card ~~d appropriate software should make the 
above microcomputer also suitable for data logging. 
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3. CHRONOLOGY OF ACTIVITIES 

June 

July 

15 
18 
19 
20 
21 
22 

23 

24 
25 

26 

27 

28 
29 

30 

1 
2 
3 

leave Brisbane (Australia> 
cH" rive Vi em1a 
briefing 
leave Vienna, arrive Damascus 
UNIDO; intro. to factory 
UNID01 passport/visa, ~dmin., lost luggage 

- fRIDAV 

tour of factory, briefing by A.Khorzom 
interview factory manager J.Ezzaldin 
visit SSRC 
visit Al Nahil hotel installation 
GOEI office, computer room 
visit SASMO, p~lice barracks and several 
apartment block installations 
visit solar village <near airport) 
conference with I.Khankan and others 

- fRIDAY 

design hypothetical system: cost/benefit study 
visit to ADRA, the M~talco factory 
computer work at UNIDO 
at factory: materials lists and prices 
visit LAVA worKshop 

4 computer work at UNIDO 
visit ITRC, visit ORE CDr.M.Kordab> 

5 seminar at SSRC, com~~ter demonstrations 
6 visit to Oriental Underwear Co. factory 

7 - fRIDAY 

B design work at factory; GOEi office: confer with 
I.Khankan and Abdul-Hafiz Dalati 

9 compl•hr work at UNIDO 
at ractory: air heater and drying projects 
mnti ng at ORE 

10 GOEI office: meeting with I.Khankan and Dr.K~rdab 
meeting with Diector-General, M.Hunajed 
meeting at ORE, re. solar school 

11 GOEi: I.Khankan 
UNIDO: ajmin and Dr.Bachaan 

12 leave Damascus, arrive Vienr.a 
13 debri E"fing 
14 leave V~enna 
16 arrive Brisbane. 
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4. CURRENCY AND SOME RELEVANT COST ITEMS 

The official exchange rate of the Syrian pound CSP> 
at the time of the mission (July, 1989> is US Sl = SP 11.20 
the incentive <tourist> rate is US Sl = SP 20.00 
It is understood that the unofficial rate is between SP 40 and 50 
for 1 US S and that many financial calculations by official bodies 
ar"!> based on the conversion rate of US St = SP 40.00 

Petrol (gasoline>: SP 15/litre, or in hard currency: 
USS 155/tonne = $ 0.155/kg = $ 0.13/L 

Light Ce9.diesel) oil: <same as kerosene> a 20 L can costs SP 55, 

Heavy oil 

Butane gas : 

Electricity : 

Water heating: 

Aluminium 

Shel 1 

which gives SP 2. 7511 i tre 
This is a heavily subsidised ?rice to assist 
industry, goods an public transport, and this 
is why the i1tport of diesel-engined cars is 
not permitted. 

·sp 815/tonne =SP 0.815/kg =SP 0.70/L 
or in hard currency: 
US S 82/tonne = US $ 0.082/kg 

SP 40 for a 12 kg bottle, ie. SP 3.30/kg 

Ar average household's 2-monthly account 
includes SP 10 for the aeter rental and s~me 
SP 55 for tax and stamp duty, over and 
above the consumption charges. The rates are: 
SP 0.305/kWh for the first 100 kWh/2-mths, 
SP 0.55/kWh for crnsu111ption over the above 
limit. If the fi~ed charges are included, it is 
reasonable to take a flat rate of SP 0.55/kWh. 

If heavy oil is used for generation, assuming a 
calorific value of 11 kWh/kg and a generating 
efficiency of 0.33: 
0.082 I Cll x 0.33> = US $ 0.023/kWh 
This r11o?y be doubled to allow for capital 
charges, giving US $ 0.046/kWh 
Multiplied by the 'official' exchange rat• this 
gives practically the same as the above rates 
SP 0.52/kWh 

The daily hot water consumption of an average 
household is taken as 200 L. To heat this by 
40 K <eg. from 20 tc ~OoCJ requir~s 
200 ~ 1.16 Wh/L.K x 40 K = 9.3 kWh elertricity 
or 9.3 I C11 x 0.65> = 1.3 kg of light oil 
(where 0.65 is the boiler efficiency> 

SP 155/kg, or in hard currency: US S 2.50/kg 

SP 29/kg, or in hard currency: US S 0.575/kg 



5. ORGANISATION 

Th• writ•r waw attach•d to th• G•n•r•l Organisation for Engine•ring 
Industries CGOEI>, Cprimary contact officer: Mr. Ismat Khankan) and 
seconded to the Solar Energy Factory, a division of the Metallic 
Construction and Mechanical Industries Co. CMETALCO>. The technical 
manager of this factory, Mr. Akil Khorzom (engineer) acted as guide 
and int•rpreter throughout the mission. 

The Industrial Testing and Research Centre CITRC> is responsible for 
industrial research, product development, product testing and quality 
control, and was suggested as a body relevant to the present project. 
It was, however, stated by Mr. Taufik Sheikh-el-Shabab, the acting 
director of the Centre, that this organisation has no interest in 
solar e~ergy or the related industry. <The quality control project of 
the Centre, funded by UNDP and n.:n b» Dr .rarouq Fawzi of Holland, 
embraces four selected industries. of which solar is not one.> 

Solar and wind energy work is coordinated by the Office of Renewable 
Energy CORE> and the Renewable ~nergy Council of the Prime Minister's 
department, directed and chaired <respectively> by Dr. M.Kordab, a 
professor of the University of Damascus. ORE expects a S 500 000 
project propo~al to be approved by the Department of Technical 
Cooperation for Development later this year (see Appendix 2>. 
Dr.Kordab is working on the preparation of a major industrial 
demonstration project. 

The S~ientific Study and Research Centre CSSRC> is a completely 
autonomous unit, which belongs to the Department of Defence, but is 
controlled directly by the President. Its primary purpose is research, 
but it also has a post-graduate teaching function through its Higher 
ln;titute for Applied Sciences and Technology <HAIST>, pri1r1arily for 
the training of their own future personnel. The h•ad of the solar 
energy group is Dr.Abd-el-Hadi Zein. 

SASMO, the Syrian Standards organisation issued a series of solar 
energy-rela'..ed standards, which are listed in Apperdix 3. 

6. HISTORICAL BACKGROUND 

In 1980, when there were only a few small private workshops producing 
solar water heating equipment, a techno-economic study was carried out 
by the GOEi of the Ministry for Indu~try, which concluded with the 
recommendation that a public sector factory f~r such solar heating 
equipment should be est~blished. 

Th• GOEI gave tl':e hsk of setttng up such a f~ctoq; to the Metallic 
Construction and Mechanical Industries Co. CMETALCO>. The parent 
company has its factory at ADRA, just outside Damascus, but the Solar 
~nergy Factory was set up in an existing building in the Old Harasta 
Rd. of Damascus, during 1982. An advisor made available by the British 
Ov•rs•as Dev•lopment Ministry assisted in this process. Production 
~tart~d in Jun~ 1982. 

' 
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Fig.1 shows the recommended areas &nd sequence of oper~tions as 
presented in the above study ~~d Fig.2 shows how this has been 
translated into reality in the existing building. 

Up to 1986 the factory produced ~ co!lector based on 3 galvanised 
steel tube grid, with a fitted absorber ~heet. In that year a large 
quantity <some 6000> 2 m x 1 m absorber plates were purchased from 
Stiebel Eltron Ca German firm, manufacturing in Greece). These are 
pressed steel sheets, resistance-welded together, with integral 
wate-rways. Sorr1e were supplied in stainless steel, with 3n IMCO 
sele-ctive surface, but m~st only mild steel, subsequently painted matt 
black. The casing was modified to fit CFig.3). 

The thermosiphon loop is fed into a jacket, surrounding the tank, 
which acts as a heat exchanger. The primary circuit is a closed loop, 
fitted with a nitrogen-fille-d expansion bottle and fille-d with a 20: 
aqueous solution of ethylene glycol. Fig.4 shows the standard domestic 
size unit, with 4 m2 collector and a 220 L tank. The unit is supplied 
with a stee~ stand, which also support~ a cold water feed cistern. As 
the unit is only exposed to the pressure due to this elevated cistern, 
which also allows for expansion, there is no nee-d for any safety 
valves. 

In 1986 a major report on the solar energy industry was commissione-d 
by the SSRC, funded by the EEC and prepared by CISE. This report is 
briefly discussed in Appendix 4. 

In 1988 a conveyor-type assembly line has been designed and its 
construction started, but the-n al 1 further investment has b.:-e-n 
stopped, so the installation is still incomplete-. The g•::>ods lift 
(elevator> indicated on the plan CFig.2) has never been installed, so 
all vertical movem~nt of materials and products Cas well as of tools 
and other equipment) takes place by hand, via the external stairs. 

7. THE PRESENT SITUATION 

The full production capacity of the factory is estimated as 5000 DHW 
units p.a., or its equivalent Cie. 10 000 rollector panels). The 
reduced production target in 1988 was 1500 units and Table 1 shows the 
raw material and component requirements for this number of units. As 
there appears to be a lack of harq currency and the stock of raw 
materials has been depleted, at present there is no production at all. 

However, the statement of the factor)' manager 01r.Ezzaldin>, that the 
lack of materials is their 'only problen-1' sounds sorr1ewhat hollow, as 
the factory has a considerable steock of ready colhctors and tanks and 
no effort is made to sell these units. It is understood that · .1e main 
probleffi is the very high cost of the unit CS~ 32 000>, which 1s some 
10 months' ful 1 salary for a young professional and wh1 ch very few 
people are prepared to pay, although many are interested in having 
such units. This however is not to de~y the problem of hard currency. 

Any comment on this macro-economic problem would be beyond the scope 
of the present bri~f, but the responsible officer of GuEI advised that 
this problem will disappear by next year and that the present study 
should be based on the assumption of ample raw material availability. 
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TABLE 1 Materials and components for 1500 DHW units 

----------------------------------------------------------------------
Coll er tor 

Tank 

Cold tank 

absorber plates* 
1 mm steel sheet 
alum.frame extrusion 
alum.angle glazing bead 
6 mm glass 
foam glazing strip 
plastic glazing strip 
rock wool 
plastic LI-strip <absorber) 
glue (for plastic> 
mastic 
pop-rivets 
screws 
hflon tape 
connector sleeves 
connector spigots 
plastic sealing washers 

2 mm galv.steel sheet 
1 mm galv.steel sheet 
galv.steel pipes 
connector sleeves, 32 mm 

25 mm 
20 mm 
13 mm 

paint <750+1500+750+750> 
expansion vessels 

1.25 mm galv.steel sheet 
16 mm rod (for hinges) 

Support frame rolled steel angles 
rolled steel flat bars 
bolts and nuts 

3000 SP 865 2 595 000 
72SOO kg 

7500 kg ) 
4890 kg ) 
6300 hi:;;: 

28.35 2 058 210 

9300 m 
18000 Ill 

900~ kg 
9150 Ill 

150 kg 
750 tubes 

144000 
36000 

7500 rolls 
6000 
6000 
6000 

155 
99 
0.05 

35 
10.50 
35 
12 

110 
0.40 
0.25 

15 
E 
a.so 

18 

145000 kg 
15900 kg 
3983 kg 
1500 
1500 
6000 
6000 
3750 kg 
1500 

SP 28.95 
28.35 
26.35 
15 
12 
a 
5.85 

28.95 
30 

1 920 450 
623 700 

465 
630 000 

94 500 
320 250 

l BOO 
82 500 
57 600 
59 100 

112 500 
49 000 
51 000 

108 000 

4 197 750 
453 317 
104 952 
22 500 
18 000 
48 000 
35 100 

108 563 
45 000 

90500 kg 
36 m 

21.55 1 955 663 

97320 kg 
5490 kg 
9000 

a 200 

B 
8 
0.60 

778 5SO 
43 920 
5 400 

----------------------------------------------------------------------
*The complete collector was priced at SP 7200. This was based on 
converting the US S 75 absorber cost to SP 3000. Apparently it was 
decided early July to use the official rate of SP 11.20/S, which -
with some handling cost added - gives the SP 865 pri~e. 

Three collectors have bee•1 hsted for the ractory by the SSRC: 

Ct> the old model: galvanised steel pipe-grid and fitted sheet, 
(2) the current model: Eltron absorber, m3tt black painted, and 
(3) the same, but with a selective <IMCO> surf~ce. 
The results are shown in tig.5. 

,.. •i &l t to the parent company's CMetalco' s> factory at Adra showed 
that large factory spaces are half-empty. Without too much effort one 
bay of approx. 100 M x 25 ffi could be made available to house the solar 
system production lines. 
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It is the first and most important recommendation of this report that 
th.::- Sc0lar Energy Factory in Da1nascus be n-1-::>ved as soo::>n as possible to 
Adra. The r*ason is not only that the existing pr*mises are cramped 
and totally unsuitable for proper functioning of a factory, but al so 
that at Adra sori\e of the machinery of the parent cor.;pany can be relied 
on to assist in solar equip1n1?nt production. 

Fig.6 is a tentative proposal for the layout of the four component 
production lines: (1) absorber, C2> collector, C3> tanks and (4) 
support frames. This assumes that the proposal for Manufacturing the 
sheet steel absorbers is accepted, that the pressing will be done at 
th• Barada factory and th• welding and assembly at the Solar Factory. 

B. THE PRODUCT 

Two kinds of absorbers have been used: 
C1> the Stiebel Eltron pressed steel, welded panel 
<2> the old galvanised steel pipe grid and fitted plate. 
There are two schools of thought favouring the two, respectively. 
Th~re is no doubt that the former gives a better performance and that 
the latter is very labour-intensivei, bYt it is thought that the hard 
currency <material-> cost of the latter is less, therefore it would be 
more favourable. It was therefore decided to make a comparative studyc 

size 
area 
mass 

ELT~ON PIPE-GRID 
-------------------- --------------------
1.96 X 1.02 IYI 

2 m2 

25 kg 

1. 70 x 1.82 Ill 

1.4 m2 

30 kg 
mass I unit area 12,5 kg/M2 

s 75 
21.5 kg/m2 

unit cost CS575/tonne) 
cost I unit area S 37.50/m2 

$ 17.25 
s 12.30/lll2 

-------------------- --------------------
The cost of the second type is much less in hard currency terms. 

An alternative absorber construction has also been suggested Cby 
Dr.Kordab>: a pipe-grid, but using thin-walled 10 mm steel tubes for 
the risers, which can be produced by the Iron and Steel Manufacturing 
Co. Cof the GOEI> at Hama. An aluminium extrusion of the type shown in 
fig.7, could be produced at the Aluminium Co. Cof the GOEI> at 
Lattakia. Cut to the appropriate lengths, these would be pre-heated 
and pr~ssed onto the steel tubes. Their cooling and consequent 
shrinking would produce an almost p~rfect thermal connection. The 
finned tube would be 160 mm wide, thus the old 8-tube absorber could 
be replaced by a 6-tube model. 
----------------------------------------------------------------------

SB ri5tr tubts of 13 11 + 2 htadtrs of 25 111 cut, ~~illtd ind vtldtd 
+ l 11 shttt, vith Bx half-round prtssings, fiti~' in~ vrldtd. lht thtr1al contact 
bttvttn tht ri~tr tubts ind tht prt·for1td shttt is r1thtr poor, •sit is only dut to 
tht spot vtlding ind tht rathtr loost fit. Htnct tht difftrtnct bttvttn tht tvo 
colltctors' ptrfor1anct characttristics Cstt Fig.5>: 
- tubt·grid and platt: I\,: 0.7£ - 8 T/6 
- prtsstd shttt: ~: 0.86 - 8.6 T/6 
<tht ht•t loss cotfficitnt of tht latttr is slightly larger, but it could bt i1provtd 
qulh tHilyl 
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The view of the present writer is that the aluminium is expensive, 
that the weld•d tube-grid is a v•ry laborious pro~uction method, that 
the heated aluminium fins would tend to warp and that the efficiency 
would probably be lower than that of the pressed steel sheet absor~er. 
In the latter, some 90% of the absorber area is wetted, so the panel 
does not rely on heat transport by conduction along a thit1 metal 
profile. However, without too much capital outlay, the technology 
could be tried and the product could be tested. 

The pressed steel sheet absorber could be manufactured in Syria. The 
Barada factory can handle 1 m2 pressing. Taking the 2 111 x 1 1n sheet, 
it can be pressed in t~o steps: first one end, then the other, as the 
panel is symmetrical. The pressing die already exists. The welding 
could be done on the existing spot <resistance-> welding machine, but 
the production would be iinproved ccnsiderably by obtaining and 
installing a resistance welding Machine with 21 welding heads. If the 
welding head is interchangeable, then a ring-head should be obtained, 
or else a separate resistance welder with such a head should be 
installed for the fixing of the screw-threaded inlet and outlet 
connectors. 

The cost of steel for this panel would only be US s 14.37, ie. 
S 7.18/~2 CcOtApared with the above S 35.50 or S 12.30> 

This is the solution strongly rec011t1Dended by the writer. 

8.2 The collector 

The current ~odel has an extruded aluminium frame Crig.8>. Comparison 
of the efficiency curves Cfig.5> shows that the no-loss efficiency of 
this collector is exceptionally good: 0.86, as against 0.76 of the 
older aodel, but the heat loss coefficient is worse: B.6 W/m2 K, as 
coMpared with 8.0 W/m2 K for the older •odel. It is suspected that the 
reason is the continuous absorber support fin of the frame member, 
which - even with the plastic gasket - would provide a thermal bridge 
to the outside. 

Th• other criticism is that the assembly relies on the hand-drilling 
of over 100 holes and the use of screws •nd pop-rivets for fixing 
Ca> corners of the frame 
Cb> the back plate to th• frame 
Cc> the angle glazing bead. 
Incidentally, the last i tefl'1 is a 30 x 30 mm angle, as this is said to 
be the only one available, whereas 20 x 20 mm would be adequate. This 
is not only a waste of material, but it also reduces the effective 
aperture area by 1 cm all around. 

The writer suggests that the frame should be redesigned, in a form 
similar to that also shown in F'ig.q. This would achieve four ai1r1s: 

<1> Simplified corner fixing: two self-tapping screws, locatrd by the 
groove, driven into the &crewing channel, would give 1n 1dequat• 
fixing. 



<2> El iminati.:m of ther1nal bridge: adequ;..te absorber support could be 
provided by a sol id plastic support block at each o1 the four 
corners. This could be injection-moulded at the 8.;rada factory. It 
"1ould be dir11ensioned so as to give a snug fit into the alU111iniu111 
frame. 

<3> Eli•ination of screwing for the glazing bead: the fran .. ~ would have 
• •nap-in glazing b•ad, fix•d by pr•••tng in, without any •cr•w1, 
which could be re1110ved <•g. in ~as• of glass br•akage> by 
in&•rting a srewdriver fra11 th• sid•. 

(4) Eli•ination of pop-rivets for the backing sheet: this could be 
inserted into the slot of the frame during assembly and held in 
position without any riv•ts. 

At present rock-wool is us•d for th• back-insulation, in a not11inal 
SO 111111 thickness. The factory of the Military Housing Establish.ent 
produces some first class aineral wool ~tt& and blankets, varyinQ 
between 30 and 120 kg/•3 density. The material used by the sol•r 
Factory however, looks like leftov•rs, a lu11py, amorphous mat•rial, 
with a density 1110re like 300 ko/•~. This is difficult to handle and 
consequently the space l•ft for insulation is often incompletely 
fill•d or the insulation is compress•d, thus its insulating prop•rty 
reduced. 

Two alternatives 111ay be considered for impro-..;"'. "nt: 
Cl> Order from the rockwool factory the fo~:-.a~ed Fibromat sheets, 

cut to size <approx. 1 m x 2 m>. This product will have to be 
handled carefully, to avoid breakages or compression. 

C2> Obtain a polyurethane injection machine and use an in-situ foa• 
for the back insulation. This i~ a se111i-rigid foam, therefore the 
backing sheet could be reduced in thickness, as the foam provides 
some stiffening. The conductivity of this may be about 0.025 W/m.K 
as compared with 0.036 W/m.K for the former C0.042 W/m.K for the 
higher density product>. 

The writer strongly recommends the second solution, which would allow 
the reduction of the insulation thickness to 40 mm. The insulation 
resistances can be coinpared as: 
40 mm polyurethane, k = 0.025 W/m.K, 
SO mm rock wool, k = 0.036 

k = 0.042 

R = 1.60 112 K/W 
R = 1.39 
R = 1.19 

which shows that the 40 mm PU foam will be better than the SO 111111 rock 
wool. 

With the pressed steel absorber, the new frame and the polyurethane 
insulation a first class collector could be produced. 

9. COMPUTER RU~S 

The writer provided one of his own programs, ACTSYS (for ACTive 
SYSt•ms>, based on th• wid•ly us•d 'f-chart' m•thod, which is part of 
th• ARCHIPAK suit• of programs. This can estimat• the monthly and 
annual solar fractions and the net solar en•rgy supplied by a d•fin•d 
syst•m. 
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~--------------------------------------------

Th• program runs on an IBM XT Cor coinpatible> •iuoc011Puhr, uith &40 

K memory, using an 808? nulfteric co-proc•ssor. Gr~~t difficulties were 
•xperienced in finding a machine to use. The caa.;>any has none. The 
GOEI has an NCR Dachine, pri.arily use~ for payroll work, but no 
nuMeric co-processor and only 256 K memory. The SSRC has a suitable 
computer, the programs were copied over to their hard disk and 
de111onstrated, but they could not allo~ its use for other purposes. 
Finally UNIOO per•itted us to use one of their aachines. This had an 
adequate 1&e110ry, but no nu•eric co-processor. The progra•s had to be 
re-compiled for runs without such a co-processor. 

It will therefore be one of the recOl'tllrlendations of this report that 
the design office oi the factory be supplied with a suitable COMJ>uter, 
as specified in Appendix 9. 

10. COSTS vs. BENEFITS 

First a cli•atic data file for Damascus has been constructed (fig.9>. 
(for RH IHI Yillt5 vtrt oaly iYiilablt, frOI vhich Ut ... - ... nlaK vtrt tstiultd. nt 
stilldird dtvi1tions of tt1ptr1turt vtrt ilso only tsti•1tt4.) 
The progra• was then used to predict the perfor•ance and annual energy 
contribution of two different systems. 
Cl> The standard dOlllestic unit, two collectors of 2 • 2 each, a 220 L 

H/W tank and a cold water cistern, all aounted on a steel stand. 
<2> A hypothetical system na•ed TEST1, which consists of 10 collectors 

of a total of 20 M2 area Cfig.12>. The coe;ponents of this system 
are listed in Table 2 and priced. 

TABLE 2 Colr1ponents and costs for the TESTl system 

----------------------------------------------------------------------
collectors 10 
tank, insulated, one jacket 1 

two jackets 1 
pump 1 
.otoriseQ 3-way valve 1 
expansion tank Cin~l. nitrogen> l 
glycol 25 L 
insulated pipes, 20 •• 25 m 

25 mm 10 111 

air rel ease val v• 2 
differ•ntial thermostat 1 
T and ~ fittings 47 
valves, 20 Mm 4 

25.. 9 
support fr aHs 12 
flexible connections 20 

delivery 
vertical transport 
installation labour 
incidental 111at~rials 

TOTAL 

+ 307. overheads 

112 h 

Hy SP 192 000 I 20 m2 = SP 9600/n-."' 

SP 7200 

SP 50/L 
225/M 
280/• 
200 

18 
75 

120 
300 
45 

SP 72 000 
8 500 

10 500 
3 500 

22 000 
1 000 
1 250 
5 625 
2 800 

400 
3 500 

846 
300 

1 080 
3 600 

92.Q 
137 801 179 142 

2 000 
2 000 
5 600 

200 
9 BOO 12 740 

SP 191 881 

----------··--------------------~--------------------------------------
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EX\STING 

E ){. TRlJl:> EU lL. COLLfC. TOR FRAME 

Cli1•tic ~•t• for DAJIASCUS 
L•tih:~l : 33.5 

----------------------------------------------------------------------JAN fEB nA~ APR ftAY JUN JUL AUG SEP l)l:T NOV DEC 

--------------------------------------------------------------------· -Tllu: 12.0 14.0 17.0 22.0 28.0 33.0 35.0 36.0 32.0 27.1) 20.0 14.0 
Tl'lin: 2.0 J.O 5.0 8.o 13.0 1£.0 17.0 17.0 15.0 12.0 8.0 4.0 
Tsd: 1.8 2.2 2.J 2.S 2.8 3.2 J.£ 3.8 3.2 2.8 2.2 l.8 
RH•:..: BO 70 60 50 45 35 40 40 45 50 65 75 
RHp1: 10 60 51) 40 35 25 30 JI) 35 40 55 65 
R•in: 50 25 25 25 10 0 0 0 0 10 25 25 
lr•d: mu mr> 51)21) 6211) 7451) 8250 8181) 7520 6360 4820 3510 2700 

-------------------------------------------·--------------------------
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ACT BYS 

_j.:ob naru.: 
la:w: at i •:•n 
systf:'ru typo: 

tank 

he-at exo:h. 

tilt 
ar~a 

c•'.:'t1stant 'a' 

cc•nstant 'b' 
glazing 
fl·~ rat.:-

voluiaf:' 
C·:inneo: ti on 

type-
transfe-r arf:'a: 
f i.:.w rat f:' 

hot watf:'r •:onsumpt ion 

•:old watf:'r 

thf:'rr•ostat 

ACTS VS 

job narnf:' 

l•::r·:at ion 
system typE' 

o:oll f:'dor 

tank 

te-r1;p.:r atur e-

st:-t p•:iint 

•:.r i .:ntat ion 
tilt 
arf:'a 
•:onstant 'a' 
•:•::instant 'b' 
gla2in9 
flow ratt:-

vc•' umt
connt:-•: ti on 

hi-at i"x.:h. typi" 

: 

: 

tra113,·.:r ar ... a: 

fl ow rate-

hot watt!'r consumption 
cold watf:'r tE-mp,..raturi" 
thi"rffiostat st!'t point 

srAtJt>A.R\) 
t>A KA S. c.o S 
\-\ /\JJ 0 V\ h~ 

0 . .z (; 
8.6 

s 'u, 'i l e... 
O.O(, L/$ 

c. O i.\ • i"' - ~O'l \( ,.,s--'" 
o.O ~ L/$ 

'2..00 L /cl«'\ 
:. T 0 c 'N\O\l\l"' \~) 
5~0 

TE:ST '( 

b A. f..\t.. ~c..u~ 

\4 /w 0111. \~ 

\80° 

>So 
l. 

2.0 W\ 

o.-ef. 
a.6 
.. i "<\ \e. 
O.?> L/s 

c..o\ l- '" - tc.V\\-<. 
4 -l.. 
O. ~ L/s 

'300 L/d•~ 
:.. To (NO" U \'\) 
'o•c 

10 
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Solar prrfor•anct c•lcul•tions by the f-{hart 1pth~d 
for DAl!ASCUS jQb na1t: ltsll 
for a do1estic hot watt; syslt• 

latitudt = 33.50 dtg. 
daily H/U ust = 900 lit. 
tank volu1t = 1300 lit. 
colltctor aru = 

ti It = 
- oritntation = 

l'.•lllstants : 

20.00 .2. 
JS dtg. 

180 dtg. 
a= 0.7'1 b. = 7. '12 

--------------------------------------------------------------------
2 3 4 I; .. 7 8 g ti) ll 12 Total 

--------------------------------------------------------------------
1un tHptr.tturt : 7.0 8.5 ll.O IS.I) 20.5 24.5 26.0 26.S 23.5 !'LS 14.0 'l.0 
irr•diation (Uh/12>: 4229 5265 5785 6160 6664 7001 7064 7064 6845 6095 5231 4372 
daily HIV load(kllh>: SS 54 St 47 41 37 35 3S 38 42 48 53 16336 
daily s~lar contrib: 28 35 37 37 JS 32 32 31 33 3' 32 28 12014 
SQ!ar fraction : 0.51 0.66 0.73 0.78 0.84 0.88 0.8'3 0.89 0.87 1).7i 0.67 0.53 0.74 

-----------------------------------·---------------------------------

Sohr ptr forHnct calculatiQnS ~y tht f-chut 1tlhoJd 
for DAMASCUS job na1t: standard 
for a doarsti.: hoJt v•hr systn 

aonths : 

l•titudt = 33.~0 dtg. 
dailyH/Vust = 2•ll)Iit. 
hnk volu1t = 220 lit. 
collector Jr'i = 

l ! t = 
- Qritntation = 

constants : 

4.1)1) 12. 
45 dtg. 

18•) dtg. 
a= 0.79 b = 7.92 

--------------------------------------------------------------------
2 3 4 5 6 7 8 9 I 0 11 12 Tot a 1 

--------------------------------------------------------------------
1tan tt1ptraturt : 7,0 B.5 11.0 15.0 20.S 24.5 26.0 26.S 23.5 19.5 14.0 9.0 
irradiation <Wh/i2l: 4435 5381 5709 5843 6133 634~ 6437 (532 6629 6143 5451) 4624 
dai I y H/11 load<kllhl: 11 11 10 9 8 7 7 7 7 8 10 11 3207 
daily S•llu r.ontrib: 6 7 7 7 6 · 6 6 6 6 7 7 6 2356 
solu fraction : 0.55 0.68 0.73 0.75 0,'1~ •l.82 0.84 0.87 0.87 0.81 0.71 0.58 0.73 

--------------------------------------------------------------------

flG. ll 

EXAMPLE" OOT1'0T$: AC.TS.VS 
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Comparisons 

No. of collectors 
col hctor •ru 
tank volume 
daily H/W use 
annual energy requirement 
solar fraction 
solar energy contribution 

STANDARD TEST1 

2 

4 m2 

220 L 
200 L 

3207 kWh 
0.73 

2356 kWh 

10 
20 In::;. 

1300 L 
900 L 

16336 kWh 
0.74 

12014 kWh 
--------------- ---------------

cost, as supplied 
installation 

SP 27 200 
4 BOO 

SP 179 141 
12 740 

--------------- ---------------
total 

annual saving: electricity* 
simple payback period 
annual saving: oil I 
simple payback period 

SP 32 000 

SP 129~ 

25 years 

SP 191 BB1 

SP 6608 
29 years 
SP 4645 
41 years 

-----------------------------------------------------------------
* electricity SP 0.55/kWh 
I oil SP 2.75/L Calorific value 9.35 kWh/kg Boi1er efficiency 75'l. 

2.75 I (9.35 x 0.75) = 0.39 SP/kWh 
-----------------------------------------------------------------
The criterion for an investment decision, u~.ing the simple <crude) 
payback method is 

Bxy>C where B = benefit (annual) 
y =number of years of expected life 
C = capital cost 

In the b••t of the abovt ca•e• <DHW •y•t•m, r•pl•cing •ltctricity>1 
B a 1296 
y = 12 
c = 32 000 

1296 )( 12 >? 32000 
15552 < 32000 therefore the system i& economically not feasible. 

Using a discounted cash-flow method, in the above criterion 'y'is 
replaced by r, the 'present worth factor': 

l+f+r l+f,... 
B x f > C f = --------- Cl - <-----> J 

provided that i > f 
i - f 1 + i 

where i = interest rate 
f = inflation rate 
r a energy cost increase 

assuming i = 0.09 !C?'l.) 
f a o.oe 
r = 0.10 and y = 12 

1.18 1.08 12 

f = Cl - <----> l = 12.3& 
0.01 1. 09 

1296 x 12.36 >? 32000 

above i 

16018 < 32000 ther~for~ ~~e system is economically not feasible. 



The system would be feasible if 
(~) the capital cost were reduced by halft or 
Cb) the cost of energy <electricity> were doubled, or 
Cc) a subsidy or other benefit were offered to the extent of SOY. of 

cost 
- or some appropriate combination of these m~asures, 

eg. for the DHW system: 

Ca) the collector is improved by 10Y. to give 2592 kWh solar 
contribution, which (replacing electricity) is valued at SP 1425 

Cb> interest rate is increased to 1n 
the inflation rate is 16% 
energy cost increase above inflation is 23X 

Cc) the capital cost is reduced by 201. (from 32 000) to SP 25 600 
Cd) a 30X subsidy Cor tax benefit> is provided, i~ 7 680 

resulting in a net capital cost of 
then 

1.39 
f = 

0.01 

1.16 12 

[ 1 - ( . --- ) ] = 
1.17 

13.6 

SP 17 920 

1425 x 13.6 >? 17920 
19380 ) 17920 therefore the system is economically feasible. 

11. DUAL ACCOUNTING 

In the particular situation of Syria, it may however be possible, that 
the system would show a positive balance in terms of hard currency, 
whilst running into deficit in a local currency account. from the 
national point of view this may be an acceptable result. An attempt is 
therefore made to separate the hard currency CUS S> component, ie. the 
cost of imported raw materials, from the costs of labour and local 
materials (in SP>. The benefit, the saving of fuel oil, is priced in 
hard currency <US S>. 

hard currency local currency 

Collector: 
(1) tube grid + plate: 

21 kg x S0.575 = $ 12.30/m2 SP 3600-(12.30 x 40> = SP 310B/m2 

(2) pressed steel: 
12.5 kg x 0.575 = 7.18/m2 (f37.5-7.18) x 40 

Tank: 
161 000 kg/1500 = 107 SP 19000/20 = 
107 kg x S0.5i5/4 rn2 = 15. 43/1112 S50 -\15.43 x 

Rest of systern: 
deducting from th~ total the cost of absorbers, 
tank and deleting the 3-way valve: 
[191 881-<72000+19000+22000)J/20= SP 3944 

950 
40) 

for valves, pipes, etc. $ 15 I m2 3944 -C15 x 40) 

= 1213/m2 

= 338/1112 

= 3344/m7 



Total system cost 
Annual benefit 

12-year benefit 

S benefit converted 
net 12 year result 

12. SOLAR SYSTEMS 

Tube-grid+plate Pressed steel 

$ 42. 73 + SP t.790/m2 $ 37. 61 + SP 4895/rn2 

879 kWh/m2 y 924 kWh/m2 y 
$ 8.79 I m2 S 9.24 I m2 

S 105.48 I m2 S 110.88 I m2 

---------------------- ----------------------
SP 4219 - 67'90 SP 4435 - 48'95 

- SP 2571/m2 - SP 460/1112 

Solar energy can be converted to as useful form by many different 
systems and those relevant to Syria are suggested to be the following: 

- domestic hot water CDHW> systems 
- industrial process heating s::stems 
- space heating Cby water- or air-> systems 
- drying 
- space cooling 
- refrigeration 
- photovoltaic systems. 

The main emphasis of the present report is on DHW systems, as these 
are the most widely used. The collectors produced for DHW systems can 
also be used for industrial process heating and space heating 
purposes. These will now be examined. 

12.1 Industrial process heating 

Industrial processes that require hot water at temperatures attainable 
by solar heating demand a high degree of reliability, thus an 
exclusively solar system is not possible. In MOst cases an existing 
boiler system can be retained as an auxiliary and standby system. The 
best economic returns can be achieved when the solar fraction ~s less 
than about o.s, as shown for the generalised case in fig.13, which is 
a particular example of tho. law of diminishing returns. The system 
most likely to succeed in economic terms would be a pre-heater, 
producing 40 - 50 °C water. At such temperatures quite high collection 
efficiencies can be achieved. Eg. the new model collector of the Solar 
Energy factory, ~ith (say> BOO W/m2 irradiance and 25°C air 
temperature would give the following efficiencies: 
at 90°C 0.17; at 65°C 0.42; at 4o~c 0.68 

In principle the system is not different from a DHW system, only 
increased in size and in that a thermosip'1t:-'l system is normally not 
possible, pumping must be used. It may b~ an ~dditional benefit that, 
in some instances, an existing tank may be used for th~ purposes of 
the solar system. 

Similar con1ideration1 apply to steam generating plants, where 
significant energy savings can be achieved by pre-heating the make-up 
water with a solar system. A particular e~arople of this is discussed 
in Appendh 5. 
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12.2 Space heating 

Domestic scale active space heating systems are little 1110re than 
enlarged versions of a DHW system. The for• of heat e•itter is a 
subject of choice, it •ay be eg. a fan-coil unit, a panel radiator or 
an embedded coil floor warming system. Some systems in Europe and 
North America work quite satisfactorily, but their economics is 
Marginal. It is suspected that in Syria, where the winter is Milder 
and shorter, thus ~or 11<>re tha~ half a year the syste• would not be 
utilised at all, ~he economics would be even less favourable. 

In order to verify this, a s•all, 2-storey house has been selected 
(similar to the 2000 houses built in the Solar Village, near Da•ascus 
airport> and its heating requirements calculated <Appendix 6). That 
design is based on a floor war•ing system, which uses high density 
polyethylene <or polybutyl> pipes arranged in five separate loops. The 
coils would be laid at a pitch of 200 MM, except in areas to be 
covered by built-in furniture (or likely to be covered by other 
furniture>. 

This is the system offering the greatest probability of success, for 
two main reasons: 

(1) the low temperature operation (30 - 35°C) allows a high collection 
efficiency 

<2> the fabric of the building can be relied on to assist in thermal 
storage, thus the storage tank can be quite small. 

A more convincing application is the use of passive solar heating 
systems. Two main types may be considered: 

<1> direct.gain systems 

<2> mass wall CTrombe-Michel wall> systems. 

The direct gain system consists of large, equatorially oriented 
windows and adequate absorption surfaces and building mass to store 
the absorbed heat. This system produces the highest efficiency, but 
there is a risk of overheating if the building mass is insufficient. 

The mass wall system consists of a heavy aasonry wall, painted dark 
and glazed externally, to enclose an air gap. The convective version 
has vent openings to the room at top and bottom. As the dark surface 
absorbs the radiation, the air in this gap will be heated and rise, 
entering the room at the top and drawing in room air at the bottom, 
thus g~nerating a convectiv~ loop. This gives an instantaneous heat 
gain (whilst there is a solar input>. If th~ ve~ts are closed, or 
there are no vents, the heat will be absorbed 1n tne mass wall and 
then transmitted to the room with a time delay depending on the wall 
mass. This system is very useful where the building is otherwise 
lightweight. If the purpose is heating during the daytime, then the 
convective mass wall cannot compete with the direct gain system. 
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As inost bui ldiPgs in Syria are of heavy masonry and concrete 
construction, reliance on direct gain syste111s would be strongly 
rec01111Rended. Non-convective •ass walls may be e~loyed to a limited 
extent, to boost the night ti•e heating, in continuously occupied 
buildings, but the use of convective Mass walls is not rMOtilllended. 

One point which MUst not be forgotten is the s~r shading of direct 
gain windows, or else quite severe su11111er ov~rheating proble•s aay be 
created. 

Table 3 below sulMllarises the results of calculations in Appendix 6. 
Starting with the original 24 664 kWh annual heating require•ent, 
there are two basic options: 

a> An active system, costing soae Sf' 104 000, which could provide 
13 ~ kWh of h•at in a y•ar, l•aving an auxiliary h•at requir ... nt 
of 11 164 kWh 

b) A very modest rationalisation of the building itself: a semi
passive, direct gain syste•, costing very little Cif anything> 
above the normal building cost, which would give a solar 
contribution of al111ost 10 000 kWh, reducing the heating requireaent 
to 14 745 kWh. A smaller active system, costing some SP 65 000 
could provide 7950 kWh of heat in a y~ar, leaving an auxiliary heat 
require111ent of 6800 kWh only. 

TABLE 3 Contribution of solar space heating &y&te111& 

----------------------------------------------------------------------

pasaiv• contribution 
heating requirement 

active system: 
- collectors 
- tank 
- solar fraction 
- solar contribution 

ORIGINAL SEMI-PASSIVE 
-------------------------------------------
24 664 kWh 

32 m2 

1800 L 
o.se 

13 500 kWh 

11 164 kWh 

9 919 kWh 
14 745 kWh 

20 1112 

1200 L 
0.54 

7 950 kWh 

6 795 kWh 

----------------------------------------------------------------------



13. TRAINING 

ractory work•r• can b• train•d 'on th• job'. It is th• for•••n, 
t~hnicians and install•rs who •ust have an und•rstanding how th• 
syst.- as a whole works and could ther•for• gr•atly benefit frotn a 
training cours•. Professional engine•rs and archit•cts would also ne•d 
to att.nd a &hort training cours•, to fa•iliarise theas•lv•s with 
solar/ther.al systeas. 

In both cases th• ainiau• requir...nt would be a two-week full tiae 
course. 

It is suggested that during July - August of 1990 two training courses 
should be organised by the GOEi: 

1. Participants: design professionals• engineers •nd architects, 
Max. nuaber: 20 
Duration: 2 weeks, full tiae 
rormat: 1 week lectures, with short exercises 

<4 - 5 lectures per day + 3 - 4 hours of exercise 
work with individual or group tutorials> 
1 week project work 
<with individual or group tutorials> 

Content: both active and passive solar heating systeas, 
eaphasis on specific solar system design aethod&, 
including the use of various computer prograas, both 
their backgr0'-':1d theory and hands-on experi•nce. 

Award: Certificate of solar/ther111al design 
Contributors: some 507. of the lecture input and tutorial assistance 

by the writer, the other 507. from l~al experts 

2. Participants: technicians, ~nstallation supervisors, foremen 
Max. number: 20 
Duration: 2 weeks, full ti11e 
format: 1 week lectures, s .. inars and exercises 

1 week case studies and practical workshop and site 
experience 

Content: priinarily active solar heating syste•s, with SOiie 
brief refer•nce to passive systeas 

Awards Certificate of solar/ther•al technology 
Contributors: sot11• 30X of l•cture input and associated tutorial 

assistance by the writer, th• remaining 70X frOM 
local expert&f the practical conten• is organised 
locally 



Appe-ndix 1 
PERSONS CONSULTED I CONTACTED 

UNIDO/i.JNDP Dr.Bachaan, deputy resident 
Dr.Khaled Alloush, progra••e director 
Ms.Nadya Kozak, progra .. e liaison offic•r 
l'ttne.Bayazid, admin. 

GOEI Mr.Mandooh Mundjed, director general 
Mr.Ismat Khankan, technical advisor 
Mr.Abd-el-Hafiz Dalati, director, feasibility studies 

SSRC/HIAST Dr.Abd-el-Hadi Zein.-· 
Dr.Soulayman Soulayman 

PETALCO Mr.Anwar Kassa~, techn.•anage~, Adra 
Mr.Jamil Ezzaldin, eng. aanager, Solar factory 
Mr.Akil Khorzom, eng. techn • .anager, Solar factory 

ITRC Mr.Taufik Sheikh-el-S.hab, acting director 
Textile ractory Mr.Abdul Halim, technical •anager 

Ms.Sarah Kekheya, eng. 
Mr.Hassan Horea, factory iaanager 
Mr.Jakob fayo .. e, factory technical •anager 

REC/REO Dr.H.Kordab, chairman/dir.ctor 
Others Mr.Hassan Assidi, technical services •anager, 

Daaascus Province 
Mr.Ali al Kurdi, archit.ctural eng. HILIHOUSE 
Mr.Said Aljarrah, Uni.of Da11ascus. 

----------------------------------------------------------------------
Appendix 2 
DTCD PROJECT 

Derek Lovejoy, interngional adviser, visihd Syria last Septelllber
October and produced a report in October 1989 to the Department of 
T.chnical Cooperation and Develop•ent <DTCD>, which embodies the 
project plan for SVR/88/007: •n~velopaent of renewable energy•. 

OTiginally developed to a total cost of t 699 000, but it is likely to 
b• reduced to $ 500 000 Cprobably the 100 kW, grid-connect•d wind 
generator propos•d for Qunetra will be r..oved). Th• proj•ct is seen 
as consistent with th• UN 1991 Nairobi Conference resolutions. 

Hain cot1ponents: 
- improve solar radiation Measurements, produc• solar atlas 
- wind survey: Ca> gen•ral, Cb) 2 - 3 sites in detail 
- 10 kW •tand-alon• wind generator pu91ping syste• 
- 10 kW PV village el•ctrification project 
- 5 - 10 rural biogas syst•ms 
- one larg• S?lar industrial H/W demonstrdti~n proj~ct (collectors 

local, accessori•s to be funded>. 

Primary counterpart: Ministry of El•ctricity, 

Coordinatorr Dr.Kordab, ORE, Prim• Minister's D•partment 
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App•ndix 3 
SYRIAN SOLAR STANDARDS 

The following solar-related Syrian standards hav• been issued1 
CThe main title of each is 'Solar water heating systelaS for dOMestic 
use', sub-titles only are listed below> 

SNS 637,PC1>11988 - the systems, pt.1: installation require•ents 

SNS 637,PC2)/1988 - the syste~s, pt.2: performance and ~thods of 
test 

SNS 637,PC3>/1988 - outdoor performance and test •ethods !or 
ther11<>siphoning systems 

SNS 651ll988 - ter.s, definitions, s)'llbols and units. 

SNS 652,P<l>/1988 - ther.al storage tanks, pt.1: •aterials 

SNS 652,PC2>11988 - ther.al storage tanks, pt.2: •anufacturing 
requireinents 

SNS 652,PC3>11988 - theriaal storage tanks, pt.3: perforiaance and 
•ethods of test 

SNS 652,PC4)/1988 - ther•al storage tanks, pt.4: name plate 

SNS 653/1988 - accessories, ele•ents, iaaterials and 
•anufacturing requirements 

As these are only available in Arabic, the writer was unable to read 
them, but assurance was given that they largely follow the ASl-RAE 
standards. 

----------------------------------------------------------------------
Appendix 4 
THE CISE REPORT 

A Milano-based company, CISE <Centro Inforinazioni Studi Esperienze> 
conducted a major study into 'Solar Energy Manufacturing' in 1986, for 
the Scientific Studies and Research Centre CSSRC>. Th• study was 
sponsored by the EEC and associate consultants were Cl.EIH CConsorzio 
Universitario Economica Industrial• e Managerial•> and Phoebus 
Recerche per l'energia solare spa. 

Their report under the sa•e title was presented to SSRC in April 1986, 
in four volum~s <A4>. Volume 1 is a 70 p. -;ur.lfllary of the other thrH 
volumes, which total 620 pages. 

The report includes extensive statistics, a review of existing solar 
en•rgy technologhs and a - somewhat tentative - est i r ...• t£- of the 
likely market. It is found that several statements are erroneous and 
the prices on which their economic studies are based are already 
grossly out of date. A summary Jf their market estimate follows. 
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Market estimate <1986> 

Dwellings: populatH>rl 
dwelling uni ts 

suitable for solar H/W 

Other buildings: 

NOW year 2000 

12 •i 11 ion 
1.7 •illion 
301 
510 000 

159 000 

17 aii 11 ion 
+0.6 •i 11 ion 
801 
+490 000 

+75 - 268 000 

hotels: SO - 100 aediu• grade Clst, 2nd class> are potential users 
hospitals: 700 - 1200 standard syste•s C >11000 beds in 182 hospitals> 
health centres: over 500 centres, could have 1200 standard syste•s 
colleges, barracks, prisons, restaurants = ? Cno data> 

LOW HIGH 
Industrial: 
H/W systMS 50 units 200 units 
hot air systems 60 units 250 units 

each 'unit' aay involve 100s of az of collectors. 

Photovol taics: 
villages with less than 100 pPople 
telec011111Unications 
small radio repeaters 

1000 
300 

~000 

020 kW> 
C150 - 300 W> 
C20 W> 

In estimating collector production, the report is very optimistic. The 
1996 production is estimated as 6400 collectors and further increases 
Cup to 9600 per year) are predicted. It would appear that the largest 
of the 6 factories listed has clos~ down, soae o! the private ones 
concentrate on other business and only produce a few units and the 
production of the state-owned Solar Energy factory is practically nil 
in 1988, due to a total lack of Materials. 

The report suggests that in the next few years the •arket is likely to 
be 27 000 - 28 000 m2 flat plate collectors per year. A further growth 
is expected in demand and the report recommends the setting up of 
another factory <Aleppo is the proposed location>, with 15 000 • 2 

annual production capacity. 

In tht prtstnt vrittr's opinion this is tht 'tsptrt rtport' vllich givts 1 bid n11t to 
such rtports. It is ht1vily p1ddtd vith d1t1 ind statistics, ofttn of doubtful 1ccur1cy 
111d rtltv1nct. It is vtry nt1tly prtstnttd, it is 1 polisl:td pittt of vort, 1ppt11s to 
bt 1n 1i1 in itself, but coepltttly f1ilin; tc rl;ogni5t tht rt1litits of tht situ1tion 
ind btc1ust of th1t it viii rt11in tot1lly incon1tqut~ci1l. 
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App.ndix 5 
AN INDUSTRIAL PROCESS t£ATIN8 SYSTEJ1 
The Oriental Und•r.,.ar Co. Cse• fig.14> 

The Office of Renewable Energy sugg•sted a system for this factory to 
provid• 25 • 3 H/W per day. The writ•r proposed a pre-heating syst.- to 
give a T of 25 K, eg. froia 20 io 45 °C. The daily heat require•ent 
would thus be: 25 • 3 x 1.i6 k"1/•3K x 25 K = 725 kWh 

Winter irraaiation at 45° tilt is 509e 4.S kWh/•2 day. Assuming an 
efficiency Cfor such low t.-peratures> of 0.45, this would giv• 
2 kWh/•2 useful heat, thus th• necessary coll~tor area would be 
around 725/2 = 362 • 2

• 

A visit to the factory revealed the following: 
each of the three fire-tube boilers produc•s 4 tonnes of st•illl per 
hour Cconsu•ing 4 • 3 of water>. The factory works three shifts, but 
the night shifts only use one boiler, thus the daily stea• production 
in tonnes C= water consumption in • 3

) is 
3 boilers x 4 t/h x e h = 96 t 
1 boiler x 4 t/h x 16 h = 64 t 

160 t 
Approx. 107. of this is returned as condensate, ie. soae 16 • 3

, which 
is then Mixed with 144 • 3 of cold water in the •ake-up water tank. The 
wet stea• is used for dyeing, bleaching, pressing and in winter also 
for space heating through heating coils built into the ~vaporative air 
conditioning system. 

The daily heat require•ent is: 144 x 1.16 x 25 = 4176 kWh 
giving an area require•ent of 4176 I 2 = 2088 •7. 
so the system is likely to be around 2000 • 2

• 

As the diagra• Cfig.14> indic•~~s, the required 1000 collector panels 
could be positioned as follows: 

Cl> The approx. 40 x 60 • area of the factory which has a saw-tooth 
roof: each of the S sections CsOMe 12 • spacing> could acca..odate 
2 rows of 40 collectors, ie. 2 x 40 x S = 400 collectors. 

<2> The approx 20 x 60 • roof of the single storey service building 
could accowaodate 17 rows of 20 collectors = 340 collectors. 
<The •id-winter noon solar altitude is 90 - 31.5 - 23.S = 31° 
With 35° collector ti 1 t th• spacing 11KJSt b• a •in:.MUM of 
s = h/tanC31) where h = 2 • x sinC3S> = 1.15, therefore s = 1.91 • 
thus the overall row spacing is 3.55 •r which allows 17 rows in 
the 60 • length) 

C3> The boiler house roof C15 x 14 •> could provide 
space for 4 rows of 14 collectors 

A further 204 collectors must be acc0111110dated. There is more than 
ample space available on the flat roof of th• •ain factory building. 
The problem with this roof slab is that <apparently> bauxite cement 
has been used for the concrete mix. Bea•s have developed typical shear 
cracks and had to be fitted with externally applied flat bar stirrups 
in the maximum shear zone. Arrangements must be made for an inspection 
and structural evaluation of the roof slab. 
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Job: YILLA6EI. 

Appendix E. 
A TYPICAL HOUSE: HEAiING F:EQUIF:EMENTS 

The plans below de:;·:ribe a sr11al l ('91 111 2 ) tw.:_1-stc·r,;,y h·:·use, which is 
the end-unit of a row of terraces • 

. GJtOU'Mt> ___ fLOO.R l>VVE:R. FLOOK 

The wall::. are corKrete blocks, rendered, the flcn:•f"S and ,.-.: .. ::>f af"e 
f"einforced concrete slabs, the windows are single glazed in alu111iniu111 
frames. The heat loss calcul.~tion bel.:1w (a pf"intc•ut of the QBALANCE 
pr•:.grar.-a) shc·ws that the speci fi·: heat loss rate of the house is s•::>nh: 
734 Wit< and that the annual heating requirement is ab·:.ut 24 600 kWh. 

- Locatio~: DA!'IASCUS 1onth: JAH. 

------------------------------------------------ ---------------------·-------
No ORI ltn 11/H A grp.cod! U A.U s9f l!so abs &av Qs Dts. tup Gains Balnct pt Dt9~hrs huting 
I 2 3 4 5 & 7 e CJ 10 11 12 IB ICJ dtgC II dt9C IC.h tllh 

-------------------------------------------------------------------------------------------- -----------------------------
I: 10 -1 7.80 7.21) 56.1£ 4 31 o.n 4U !) !) JtJI: 1,,8 1616 16.2 £851 5031.CJ 

2: 20 270 9.00 5.20 39.52 2 28 2. 7& IOU 0.06 0.40 6CJ 175 m: 2•i.2 3171 15.'3 ms 3661.3 

3: 21 270 '-90 1.20 8.28 30 &.Oli 49.7 0.76 69 432 ftAR: 21.0 m2 16.l 4129 3033.u 

4: 30 180 7.20 5.20 28.48 2 28 2. 76 78.6 0.06 0.40 m m APR: 22.2 J'j•15 16.8 3441 2527.4 

5: 31 180 S.60 1.6!) 8.% I 30 6.00 53.8 0.76 154 1051) ftAY: 24.0 4419 17.9 2041 1499.1 

f.: 40 360 7.20 5.20 28.08 2 28 2. 76 77.5 0.06 0.40 31 57 JUN: 25.2 me 18.7 0 0.0 

7: H 3£0 5.70 1.2!) U4 I 30 &.00 41.1) 0. 76 31 160 JUL: 25.7 4733 19.2 0 o.o 
8: 42 360 1.20 2.10 2.52 2 91 2.44 £.I 0.06 0.70 31 8 AUG: ZS.a 4581 19.6 0 o.o 
9: 51) -I 7.80 7.2!) 56.16 3 00 2.62 llU !).li4 0.81) 113 93 SEP: 24.9 420CJ lCJ.2 0 o.o 

------------------------------------------------ ----------------------------- OCT: 23.6 38(10 18.5 2CJ04 2133.1 
YOIUH : 246.0 13 CW/I() qc = 570.5 (Ill 2266 NOY: 21.CJ 3!5CJ 17.6 3502 2572.6 

iir ch.= 2.0 qv = 164.0 Di : l50 DEC: 20.4 2713 16. 7 5726 4205.7 

--------------------------------------------
q : 734.5 ~s+i : 2m TOT: 33579 24664.1 

-------. ··--------------------------------------- ----------------------------- --------------------------------------------

If an activ• solar heating system were installed, with 32 m2 

•:c1llectors and an 1800 L tank s.:-rvinq .;r• E-r•1b£or::ldi-d coil floor warwing 
system, this would providi:' a solar fraction of 0.58, or an annual 
c-nergy cc•ntribution •:>f s•:rrnt- 13 500 kWh. If this wer.:- to rE.-pla•:.:
electric h.:-ating, its value would be SP 7425 p.:-r year. R.:-placing oil 
in an oil-fir.:-d central heating system, its valu.:- would b.:- SP 5192. 
Th.: instal latio:·n c•:.st of this syst.:-ro ruay b.:- (32E.5 x 32 =) SP 104 480, 
giving a crude pay-back p~riod of 14 or 20 y.:-ar~ r~~pectivi-ly. 



Job: vi lligt2. 

If the house design is modified, to turn it into a very simple passive 
solar house Conly minor rationalisatic· ), by increasing the size of 
south-facing windows, double glazing . 1indows, slightly improving 
the ~all insulation, the specific heat .~ss rate would be reduced to 
about 610 WIK, the heating se~con from 8 to 6 months and the annual 
heating requirement to so:ne 15 000 kWh. This means that the passive 
solar measures would have saved alrnost 10 000 kWh, with very little 
extra expense. 

- Location: DA!IASCUS 1or.th: JAN. 

------------------------------------------------ -----------------------------
No ORI L~n 11/H . qrp.cod~ U A.U so I Rso ibS ii av Qs Dts. hap Getns Bllntt pt 0~9.hrs nutinq 

" 
l 2 3 c 6 7 8 9 11) ti 12 IJ I~ deqC II degC l(.h kllh 

~ 

-------------------------------------------------------------------------------------------- -----------------------------
1: lO -l 7.8Q 7.21) 56. IG 4 32 t>.H 4U I) ii JAN: 19.B 3!09 14.7 5735 m2.7 
2: 20 270 'l.00 5.20 3a.52 2 29 1.-33 74.3 0.06 0.40 ti m FEB: 21).2 3~62 14.J 3881 2394.1 

3: 21 271) 6.10 1.20 S.28 1 35 3.60 2i.8 U4 69 364 Ml!: 21.0 4rio1 14.5 2577 m7.4 

4: 30 180 7.21) S.20 18.54 2 23 1.93 35.B - Q.Ofi 0.4il 154 m APR: n.2 409 15.4 3276 2012.4 

S: JI 180 1.00 2.10 19.'lO I 35 J.to G8.0 u.64 154 1864 "AY: 24.0 mi 1£).6 i) O.<J 

6: 40 36•) 7.20 S.2u 23.0B 2 29 I. ~3 54.2 - 0.06 l).40 31 <O JUN: 25.l mi 17.4 0 l).lj 

7: H 361> 5.71) 1.20 U4 I 35 3.60 lU ll.64 JI 135 JUL: 25.7 m~ lU 0 0.0 

8: 42 360 1.20 2.10 2.52 2 ~I 2.44 u - 1).06 o. 70 31 B AU1j: 25.8 mi 18.1 0 0.1) 

i: so -1 7.80 7.21i 5E.16 3 1)0 2.02 113.2 - 0.1H o.au 113 13 SEP: 24.9 m~ 17.4 0 0.0 
16.6 0 u.•i 

------------------------------------------------ ----------------------------- OCT: 23.G n14 
15.9 3006 IB46.6 

N!Ult : ;W •. il 13 !II/Kl qc : 450.l !Ill 27S·l NOV: ~1.'l 3732 

iH ch.= 2.li qv = !GU Q1 = 350 DEC: •[(J.4 3258 15.1 4528 27111.4 

--------------------------------------------
q = 614.2 Qsti = 310i TOT: 141)05 14744.7 

-------------------------------------------------------------------------------------------- -----------------------------

A less~r siz~ active solar heating system could still b~ introduced, 
say 20 m~ of collectors and an 1200 L tank, which ~ould giv~ a 
little over half of tht rtmaining heating r~quirernent, about 8000 kWh 
in a year. This may bi valued est SP 4400 or SP 3078, if replacing 
electricity or oil r~sptctivtly. Thi installation cost may be around 
SP 65 300, giving a pay-back period of 15 years or 21 yiars 
respectivily. 



App'"ndix 7 
CLIMATIC DATA FOF: SOME SYF:IAN LOCATIONS 

Jan ftb ftar Apr Kay Jun Jul Aug Stp Oct Nov Dtc 
------------------------------------------------------------------------

DAnASCUS Cairportl T.av 1°Cl 6.1 8.1 11.3 15.7 20.2 24.5 25.2 25.5 22.9 18.2 11.8 7.4 
lat: 33.42° ~un hours 5.4 6.8 7.7 8.4 10.7 11.9 12.0 11.8 10.4 9.0 7.2 5.3 
Lon: 36.51• 6 CWh/12 ) 2778 3778 4778 5722 6917 7477 7417 7000 5917 4639 3417 2589 

KHARABO 
Lat: 33.49° 
LOii: 36.23° 

PAL"YRA 
Lat: 34.55• 
Lon: 38.300 

HAM 
lat: 35. ll° 
Lon: 36.75• 

LATTAKIA 
lat: 35.50° 
Lon: 35.78° 

ALEPPO 
Lat: 36. 18° 
Lon: 37.22• 

HAS SA KEH 
Lat: 36.50° 
Lon: 40.75° 

nESSEL-"IYEH 
Lat: 36.33° 
Lon: 37.22° 

RAUUA 
lit: 35.95° 
Lon: 3CJ.OO• 

DEIR-EZZDR 
lat: 35.33° 
Lon: 35.78• 

------------------------------------------------------------------------
T.av <•C> 6.3 7.7 11.3 15.2 19.l 23.3 25.0 24.7 22.0 17.5 11.9 7.3 
sun hours 5.1 6.7 7.7 8.6 10.5 12.3 12.3 11.8 10.5 9.3 7.3 5.3 
6 Cllh/12 ) 2717 3778 4833 5833 6917 7439 7583 7083 6000 4750 344~ 2606 

------------------------------------------------------------------------
T.av C•C) 6.8 8.9 12.8 17.7 22.9 27.3 29.3 29.l 25.9 20.6 13.2 8.1 
sun hours 5.3 6.9 7.7 8.~ 10.4 12.2 12.5 11.8 10.5 8.7 7.3 5.6 
6 CWh/121 2642 3667 4667 5639 6722 7472 7500 6917 5833 4444 3305 2550 

-----------------· -- ---------------------·------------------------------
T.av <-Cl 7.3 8.3 11.8 16.3 21.5 26.0 28.1 28.2 25.3 20.3 13.5 8.2 
;un hours 4.2 5.5 7.1 8.4 10.7 12.5 12.7 12.0 10.5 8.5 6.9 4.5 
6 CWh/12 ) 2339 3278 4500 5667 6889 7639 7639 7028 5861 4389 3194 2269 

------------------------------------------------------------------------
T.av (°C) 11.6 12.6 15.l 17.9 20.9 24.0 26.4 26.9 25.6 22.6 17.8 13.2 
sun hours 4.7 5.8 6.4 7.3 9.9 10.7 10.3 10.3 9.5 7.9 6.7 4.8 
6 CWh/12 ) 2361 3222 4111 5083 6389 6806 6611 6278 5361 4056 3000 2233 

------------------------------------------------------------------------
T.av ("Cl 5.6 7.4 10.7 15.5 20.9 25.7 28.1 28.l 24.9 19.5 12.3 7.3 
sun hDurs 4.1 5.3 6.i 7.9 10.7 12.4 12.7 12.0 10.6 8.5 6.7 4.3 
6 CWh/12 1 2225 3139 4278 5417 6833 7556 7556 6944 5778 4278 3028 2130 

------------------------------------------------------------------------
T.av c•C> 5.3 7.2 11.5 16.5 22.5 28.2 31.3 30.5 25.7 19.3 12.0 6.8 
sun hours 4.1 5.9 6.7 7.6 9.9 12.l 12.4 11.7 10.3 B.2 6.6 4.8 
6 CWh/12 > 2322 3222 4194 5194 6444 7333 7361 6722 5583 4111 2944 2192 

------------------------------------------------------------------------
T.av (°Cl 4.9 6.6 10.8 15.2 20.4 25.2 26.l 27.7 24.6 18.0 11.9 6.7 
sun hours 3.9 4.9 6.1 7.8 10.3 12.2 12.5 11.9 10.3 8.1 6.2 4.0 
6 !Wh/12 ) 2158 3000 4083 5361 6694 7500 7500 6889 5694 4167 2917 2042 

------------------------------------------------------------------------
T.av <-C> 6.4 8.3 12.5 17.6 23.3 27.9 29., 29.5 25.6 19.7 12.8 7.8 
sun hours 4.9 5.9 7.1 8.5 10.2 12.l 12.3 11.8 10.6 B.6 7.1 5.0 
6 CWh/12 ) 2414 3278 4JD1 5528 6583 7361 7333 6778 5722 425v 3.11 2280 

-----------------------------------------------------~~~----------------
T.av (•C) t.9 9.2 13.1 18.6 24.3 29.6 32.9 31.9 27.6 21.l 13.2 8.1 
sun hours 5.1 6.5 7.3 8.2 10.1 12.0 12.2 11.8 10.4 8.5 7.1 5.2 
6 (Wh/12 ) 2469 3306 4333 5472 6556 71J9 6889 6500 5556 4222 3028 22~7 

------------------------------------------------------------------------
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Appendix 8 
ABBREVIATIONS AND ACRONYMS 

GOEI 
HI AST 
ITRC 
MET ALCO 
MI LI HOUSE 
ORE 
SAS MO 
SSRC 

Appendix 9 

General Organisation for Engine-ering Industries 
High•r Inatituh for Applitd Sciences and Technology 
lndustriai Testing and Research Centre 
Metallic Construction and Mechanical Industries Co. 
Military Housing Establishment 
Office of Renewabl~ Energy 
Syrian Standards Organisation 
Scientific: Study and Researc~ ~~ntre 

SPECirICATIONS raR THE PROPOSED MICROCOMPUTER 

IBM.XT (or compatible>, with DOS 
- 640 Kb RAM 
- 20 MB hard disk 
- one 5.25 inch floppy drive 
- 8087 numeric co-processor 
- Hercules graphic card 

A suitable dot-matrix printer, which can be set to 
compressed type <16 characters/inch) 
----------------------------------------------------------------------
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