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I,. INTRODUCTION

1. The United Nations General Assewbly at its thirty-third session
decided to convene an international conference on new and renewable sources
of energy in 198?1/ with the objective of elaborating measures for concerted
action designed to promote the cdevelopment and utilization of new and renewable
sources of energy, with a view o meeting future over—-all energy requirements,

especially those of the developiing countries.

2. The General Assembly confined the scope of the Conference to 14
specific new and renewable souices of energy, namely, sclar and geothermal
energy and wind power, tidal power, wave power and thermal gradient of the
sea, biomass conversion, fuel-wood, charcoal, peat, energy from draught animals,
0oil shale, tax sands, and hydropower. Clearly, not all the sources are new,

and, equally clearly, not all the sources are renewable.

3. More specifically, the Conference should, according to the General

Assembly, concentrate on the following:

(a) The analysis of the state of technology related to new and

renewable sources of energy;

(b) The identification of the potential, particularly in the
developing couniries, for the utilization of new and renewable

sources of energy:

(c) The assessment of the economic viability of thie use of new and
renewable sources of enexrgy in the light of the technologies

now available and those being developed;

(d) The identification of measures for promoting, particularly
in the developing countries, the development of the technology
required for the exploration, development, exploitation and
utilization of new and renewable sources of energy, taking
into account the relevant results of the United Nations

Conference on Science and Technology for Development;

1/ See General Assembly resolution 33/148 of 20 December 1978.
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(e) The identification of the measures necessary for the transfer
to developing countries df the relevant technologies available,
taking into account the results of negotiations relating to
the transfer of technology in the United Naticas Conference
on Trade and Development (UNCTAD), the United Nations
Conference on Science and Technology for Development (UNCSTD)

and elsewheres

(f) The promotion of adequate information flows regarding all
aspects of new and renewable sources of energy, especially to
the developing countries, taking due account of their special

conditions and requirements;

(8) The question of financing the activities necessary for
promoting the ideutification, developrent, exploitation and

utilization of new and renewable sources of energy.

4. The Conference is expeccited to provide an opportunit& for member States
to discuss and agree on a strategy for making the transition from an era
marked by a heavy dependence on energy derived from oil and gas, coal and
nuclear fission to an era marked by the increased use of alternative sources
of energy. The Conference must therefore be seen as being concerned with
identifying the constraints that iuipede the greater use of those other sources
of energy and with proposing measures for promoting the wider use of such

alternative sources.

5. In the developing couniries, commercial energy consumptioﬁ is
relatively low, reflecting the low level of industrialization and economic
development. The(consumption of commercial energy in these countries is
usually concentrated in the urban sectors. In the rural areas, where the
vast majority of the population live, extensive use is made of non-commercial
energy such as fuel wood, agriéultural wastes and animal dung, as well as

human and animal power.

6. Most of the developing countries are, by and large, amply endowed
with renewable sources of energy, particularly solar and biomass resources.
These resources are particularly well suited to meeting the energy needs of

small communities, where defused sources of energy are more suitable for
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rural applications. Owing to the lack and/or high cost of commercial energy
in the rural and remote areas of the developing countries, the utilization

of new and renewable sources proves to be more eccnomical than its utilization
in the industrialized countries. Progress can easily be hampered by the lack
of a coherent national energy plan within which the role of renewable energy
can be defined, priorities among the various technologies determined, and
resources assigned, especially when programmes to develop renewable energy
sources begin to require important policy and budgetary commxtmentej Thus,
the United Nations Conference on NHew and Renewable Sources of Energy may be
considered as one more attempt by the United Nations system to discuss and
find a programme of action for the serious problems of development and energy

facing the third world.

7. The emphasis of the Conference and the developing countries is due
to the fact that oil and oil-related product imports account for as much as
60 per cent of the total value of their exports combined. This fact reflects
the importance and significance of the development and application of new and
renewable sources of energy as a contribution towards the partial substitution

of the 0il in the energy balances of the developing countrie

6. 1In the developing couniries, non-commercial energy consumption is
heavily concentrated in the rurel areas; most of this consumption is of
firewood, charcoal, crop residues and animal dung. The supply of non-
commercial energy is mostly produced by users themselves at "zero" private
monetary cost as they gather fuel wood and cow dung and expand their own
labour for motive power. In soire countries, this practice, particularly
that of gathering fuel wood, has resulted in deforestation, soil erosion and
desertification, involving, for the sake of private benefit, a high social
COSti/ . Many developing countries are therefore facing a "second" energy
crisis, which affects particularly the rural sectors of their econonies.

2/ WOrld Bank, Energy in the Developing Countries (Washington D.C.,
1980), p. 4.
¥. Friedman, "Financing cnergy in developing countries", Energy Policy,
March 1976. See also the report by the UNCTAD secretariat, "Investment by
developing countries in the eneiyy sector: A preliminary analysis of long-term
financing requirements" (TD/B/C.3/146).

A. Makhijani, "Energy wolicy for rural Indiz", Economic and Political
Weekly, August 1977.
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9. In the ECWA region, about 60 per cent of the population lives in
rural and remote areas in scattered small communities. Practically, neither
commercial energy sources nor suitable transport facilities are available to
these communities, except in the form of human and animal pnwer. VWomen in
these communities spend most of their time collecting twigs, animal dung and
agricultural waste to be used as a source of energy for household uses. In
the majority of cases, these women have to walk long distances in order to

secure their drinking water. -

10. The lack of commercial anergy sources for these communities has
impeded the development of moder: agricultural methods and hampered their
socio-economic development. Oue wore hegative impact of this situation is
reflected in an increasing rate of migration from rural and remote areas to

the already over-populated urban centres.

11. All the ECWA countries have constructed or are planning to construct
large power plants as essential components of their economic development;
the energy for the urban sectors of the ECWA region thus is and will be, at
least in the foresecable future, pmvi‘ded by fossil fuel, hydro and/or nuclear
centralized power systems. These large power systems, though undoubtedly
essential, have failed to provide the minimum basic energy needs of the rural
and remote areas, since the extension of power lines from the electric
utility grids to these areas would imply investment costs too high, compared

with their possible energy conswitption. Similarly, the use of diesel
generator sets, with the difficulty and high cost of fuel transportation and
the problems of finding technical skills for the repair and maintenance of
these diesel sets, will result in high costs of energy for these communities.
On the other hand, the dependeiice of some of these communities on human and/cr

animal power, animal dung and agricultural waste as primary sources of energy

leads to negative economic, social and environmental impacts.

12. Given these facts, and recognizing that small-scale rather than
large-scale renewable energy technologies are at present in a mature state
of development and are commercially available, ECWA countries, both oil and
non-oil-exporting, should seriovsly consider the promotion and increased use
of renewable energy sources available in the region such as solar energy,

wind power, hydro, biomass and geothermal energy.




II. PREPARATTIONS BY ECWA FOR TiE UNITED NATIONS CONFEREICE
ON NEW AND RENEWABLE SOQURCHES OF ENERGY:

13. The ECWA staff assigned for the Conference started a crash programme
of visits to almost all meuber States, to brief key officials on the
preparations for the Conference, to identify the focal points, to collect
information relating to new and veiiewable energy activities and to assist in

preparing national papers when requested.

14. ECWA commissioned four highly qualified consultants in the areas
of solar, wind, biomass and geothermal energy, to prepare studies on the
state of the technology, on the economic, environmental and social aspects,
on ongoing programmes and prosnects for these four sources of new and renewable
energy, on reseaxrch and on thei» development and utilization in the Arab world

as a whole and in ECWA countries in particular.

15. In the context of the preparation, IICWA convened a regional expert
group meeting from 12 to 15 January 1981, at Beirut. The meeting was attended
by representatives of nine member countries, intergovernmental and

United Nations organizationsz/.

16. The participants discugssed in depth the four consultancy reports
and the draft regional report. They wmodified, contributed to and adopted the
final version of the LCWA regional report as the main ECWA contribution to

the Conference.

17. Representatives of eight ECWA member States (Democratic Yemen,
Egypt, Iraq, Jordan, Kuwait, Lebanon, the Syrian Arab Republic and the

United Arab imirates) presented swumaries of their national papers.

18. A key media panel on public information was organized by ECWA on
12 and 13 January 1931, with the active participation of professionals of
the mass media in the ECYA region to seek methods and means of raising public
awareness of the potentialities and the increased use of non-renewable energy

sources in the ECWA region.

5/ The 1list of participenis is attached as annex I.
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19. The findings of the ECWA staff assigned to the Conference during
their visits to the Lrad countries and ECWA member States in particular;
the synthesis of the four consultancy reports on solar, wind, biomass and
geothermal energy in the Arab vorid; the inputs from the netional experiences
presented to the Preparatory iixpeit Group lMeeting; the contribution of the
participants during the meeting and the recommendations adopted by the meeting

are presented in the following chapters.



ITI. THE AVAILABILITY OF RENEWABLE ENERGY RESOURCES
IN THE ECWA REGION:

20. The available data on solar, wind, biomass and geothermal energy in
the Arab world in general and the HCWA region in particular, although
uncertain in many respects, owing to the lack of comprehensive studies and
asgessments of such resources in most of the Arab countries, could serve as
a first guideline for evaluating the potential of these energy resources in
the region. The evaluation is based mainly on the information gathered by
the ECWA consultants during their visits to the Arab countries and from the

published data.

(a) Solar energy

21, 4n attempt has been made to evaluate the total incoming solar
insolation at different sites in +the Arad world, averaged over an entire
year. This evaluation reveals that the Arab world lies in a region of very
high insolation, which could be divided into four areas; namely: (i) areas
of extremely high insolation (300~350 W/mz)é/, including most of the interior
of Mauritania, most of the southei: tips of Algeria and the Libyan Arab
Jamghiriya, the north-west coruer of Sudan and the south-~west area of
Saudi Arabias (ii) areas of vexry high insolation (250-300 W/mz) including
the coast of Mauritania, the scuth and south-east of Morocco, central Algeria,
most of the interior of the Libyan Arab Jamahiriya, uppei Ygypt, the central
and northern part of Sudan and wost of the Arabian peninsula; (iii) areas of
high insolation (200-250 w/mz), including most of Morocco, northern Algeria,
the coast of the Libyan Arab Jauwahiriys, lower ligypt, Jordan and most of Irag,
as well as Somalia, south Sudan, Gztar and the United Arab Emirates; and
(iv) areas of moderate insolation (150-200 w/mz), including the coast of
Algeria, northern Tunisia, Lebanon and the north of the Syrian Arab Republic.

22. The annual average insolation received by the Arab world is

estimated to be about 250 W/mza Consequently, the average solar power

6/ See amnex II.
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reaching the Arab world could be estimated as 3.4 x 109 MW. Thus, in one
year the Arab world receives about 30 x 1015 kWh of solar energy. By
comparison, the estimated value of the stored oil regerves, discovered and
undiscovered, on the earth does not exceed 4.5 x 1015 kWh, nf which only
about 1 x 1015 kWh are proven resources, Therefore, the amount of solar
energy reaching the Arab world annually is more than six times as great as
the potential energy of the total estimated theoretical oil reserves of the
Earth. It should be euphasized that only a minute portion of this amount of
solar energy could be converted to other usable forms of energy, owing to
the very low efficiency of solax energy converters, and to the large collection
areas required to tap an appreciable amount of such energy. However, the
potential of the utilization of such a non-depletable resource in the

Arab world can never be over-emphasized.

(b) Wind energy

¢>. Most of the valuable wind data in the Arab countries are collected
by the national meteorological services. Also, the oil companies have
records of the surface wind date of some sites in OAPEC countries. Wind
data recorded by both these sources have not been based on wind energy
utilization requirements They are basically related to the general wind
régime for the sites surrounding the observation stations. llevertheless,
some of these data are reliable long=-term records, and are used to estimate
the wind energy potential in sowe sites in the ECWA region. The analysis
of the available wind data showed high annual average wind power densities
in the coastal areas of the WCW. region, which is characterized by long
coasts extending thousands of kilometres along the Mediterranean, the
Red Sea, the Indian Ocean and the Gulfs. Data for the wind power densities
averaged over an entire year for some selected sites in the ECWA region are
given in table 1. It is clear from table 1 that very high average wind
power densities (200-250 W/m2) are found in Qatar, and high average wind
power densities (100-200 w/mz) are found in most of the coastal areas in

the other ECWA countries.

24. Taking into account that the wind machines are relatively efficient,

to the extent that they can convexrt up to 40 per cent of the available wind
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power into useful mechanical power, it can be seen that the utilization of

wind energy in the coastal areas of the KCWA countriss should be seriously

considered.
Table 1
WIND POViR DENSITIES IN
SELECTED SIT:.S IN THE ECWA REGION
Effective Average power
i | wind densi ty, w(m'z
Country Site Lat. N Long. B speed, . )
t Available] Recoverable
m/sec.
BAHRAIN | Muharraq 26° 16] 50° 37| 6.12 141 59
El-Salloum | 31° 32| 25° 111 6.16 144 60
EGYPT | Alexandria | 31° 12)25° 57| s5.29 102 42
Hurghada 27° 17133° 46| 6.59 177 74
KOWATT | Al-Ahmadi 29° 4}4° 10} 6.5 " 170 70
: ; | Centre of ’ .
LEBANON | "5 0 o 33° 55136° 4| 4.93 75 31
Doha 25° 17151° 34| 5.34 93 39
QATAR Ras Rakan 26° ©}51° 12| 7.26 236 98
Halul Island| 25° 40)52° 24| 6.98 209 87
Dhahran 26° 16 150° 16| 6.49 170 70
Ras Tanura 26° 24 50° é 5.06 80 30
iggﬂ Taif 21° 26 1i0® 5| s.19 87 36
Yanbo 24° 07 |3° 03| s5.84 123 51
Jeddah 21° 30 {39° 12| 4.86 70 29
Das Island | 25° 09 |52° 35| 5.6 108 45
%ED Jebel Dhanna | 24° 11 |52° 37 | s5.34 94 39
EMIRATES! Sharjah 25° 21 [55° 235 | .39 92 38
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(c) Biomass enexrgy

25. Biomass energy (from inrel wood,- charcoal, crop residues and animal
dung) consumpiion is estimated %o account for a little less than 10 per cent
of all energy consumption in the ;:CWA region. This figure, like any other
single indicator, conceals wide‘variations across the region and doubtless
within the individual HCWA counirvies. The estimates of the biomass resource
for some ECWA countries are summarized in table 2, which reveals the potential
of the biomass components, namely, forest, crop residues and animal dung
estimated in Giga Joules psr cenita per year. The potential of these components
seems to be substantial in some ICVA coﬁntries, such as Democratic Yemen and
Yemen, and very low in other countries, such as Kuwait and Saudi Arabia. The
biomass use as a percentage of the per capita commercial energy consumption
in some ECWA countries (e.g. Yemen), the biomass use is as high as 366 per cent
of the commercial energy conswiption. In some other ECWA countries such as
Jordan, this figure comes dovm %o 0.5 ver cent. The étriking feature of fhe
inforration on biowass use in the HCWA region is that the lowest level of
consumption is in the countries w.th the highest per capita GUP (Saudi Arabia,
Xuwait, Iraq). Mbreover,Athe major biomass-using countries are also the ones
in which fossil fuel reserves axe 1owest within the region. - Some LCWA
countries (e.g. fgypt) having hizh dependence on biomass as a fuel, have at
the same time very little forest, and the predominant source of biomass
fuel is agricultural waste and an'mal dung. This in itself has a serious
cost, since the use of agricultural residues and the burnlng,of the animal

dung divert them and their nutxleuts from the soil.



Table 2

BIOMASS RiuSOU:Cls I SELECTED

#C 74 COULTRILES

Current Biomass potential
Country °°:2:§§;a1 £o CrgJ dues s
e -IE

Egypt 13.91 - 2.76 1.29
Iraq 21.3%38 1.96 1.3€ . 4.66
Jordan 15.5 0.67 0.012 0.92
Kuwait 267.5 0.03% - 0.8
Lebanon 15.68 0.4 0.27 0.86
Onan n.d. - 0.06 3.0
Saudi Arabia 55.9 2.6 0.3 1.46
Syrian Areb o

Republic 21.88 2.72 3.27 2.43
United Arab

Emirates n.d. 0.07 - 2.68
Yemen 1.21 1.29 3.27 5.96
Democratic

Yemen 9.13 21.56 0.6 2.22
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Table 3

BIOHASS USE AS PELCENTAGE
OF COMMERCIAL LELGY USE IN SELECTED
ECWA COUNTRILS

_ Bigmass usge GNP

Country Commc‘e’rcm];_?ﬁ;% use (ra_sz)
Egypt 35 3 7
Iraq 1 5 2
Jordan 0.5 7 4
Lebanon 1.5 4 -
Saudi Arabia 0.1 8 1
Syrian Arab

Republic 0.5 6
Yemen 420 ‘ 1 5
. Democratic Yemen 55 2 6
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(.) Geotheruel enersgy

26. The countries of the ECWa reglion are located in various geodynaiiic
envircndents which potentially allow for the existence of different
geotheraal resources. The wost coudon potential geother.al resources are
certainly the low enthalpy (velow 7000) which uay exist in the deep
sediicentary basins such as the wrabian reniasula besing uediwa enthelpy
geotherual resources (7000 - lSOOC) exist in uost of the ECWu couairies
(Egypt, Jordan, Lebanon, Saudi urabis, Yeaen and Deuoccratic Yeuen). High
enthal )y geotheraal ficlis (exceeding 150°C) aay exist ia sualler fields
in Hgypt, Jordan and Deuocratic Yeuen. Other countries, such as Irag,
Lebanon, Ouza and the Syrian .rab Republic are not totally excluded frou
high enthalpy geotherial poteantial, taking into considerstion the recent
occurrence of tertiary and quarterly volcanics and hot springs. tThe sizes

of the geotherizal fields differ, of coursc, fro.a country to couatry.

(e) Hydro-caersy

27. Hydro-energy resources can be icentified in sany of the &Ca
countries (Bgypt, Irag, Jordan, Lebanon, Suudi arebia and the Syrian arab
Republic). Soce of these resources are utilized on large scale, (e.g. the
High Daax in Egypt (2,100 Md installed cayacity), the Sanarra hydro-electric
power plant in Irag (84 MW installed capacity), the hydro-clectric power
installations on the Litani river (totalling 246 W) in Lebanon, and the
projects on the Euphrates river ia th. Syrian uirab Republic (‘thewra plant
of 800 MW instzlled capacity). The utilization of other hydro-energy resources
is also planned in the ECW. region, for erauple the Qatterah depression
project (expected installed capacity of 600 Mi/) in Bgypt, the Dar Bandikhan
and Haditha projects in Iraq, the Gulf of Dawhet-Salva depression project ia
Saudi arabia, and the Yousif Pacha plent (cxpected installed capacity of 300 D)
in the Syrian arab Republic. However, it sceus that there is no known
micro-hydro power utilization in the ECWa region, although the possibilities
for such uicro-hydro power units (1-100 kW) do exist in wany of the ECW.

countries.
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IV. POLICIES, u«CTIVITIHS ali) PROGRLIGIES O
RendluBLE SNERGY Tii THA £Cy. REGION

28. Tho utilization of rencwable eixersyy resources in the uCia region
started long ego. There is evidence thet the aucient dgyntians uscd wind
eaergy as early as 3600 B.C. to pu.p water to irrigatc their arid fields
and to grind grein. Later oxn, in the twentieth century, wind energy was
used in nany BCW.a countries for water Punpling and salt work (Egygt, Kuwait,
Lebanon, Saudi arabia, the Syrian wreb Republic and Ye.iei).  Sowe wind
turbines are still operating in Bgyst, Lebanocn, Sazudi .rabia end the Syrien
4arab Republic. Solar ciergy has beea used for croy drying, and biouass
energy has been used as a fucl source in the rural sress of the ZCi. countries
for a long tine. 'The first known solar pover generation plant (of 37 ki
capacity) was built near Ceiro, Bgypt, in 1913. Geothersel enerzy has beea
used in its very siuple for. in the BC4. countries, the traditional "Haiuwiaii®,

either with hot water or stean being found ia nany of thed.

29. Policy plenning crgenizaticus, and resecarch end wevelopuent
activitics on renewable elergy resourcses were initiated in the ECW. countries
ian the 1950s, when the Solar duergy Unit was cstablished ia the Nationsal
Research Centre of ggyst. Later on, in the late 1960s, the University
of Petrolcuil end Minersls iu Saudi .rabia started research activities in
sclar energy.

30. 4t present, wost of the ACHL sember countries have already established
governaental couittees or councils to dray uyp policies in the field of energy,
including new and renewable sources, and other couatries are planaing to
establish such bodies. In fact, nost of the £CVW. countries either have at
present ongoing progra.e on renewable energy, or have taken considerable
steps towards the prouotion of research, develcpuent, assessaent and

1

utilization activities on renevable €.lergy resources.

31. The policies, activities ang prograuaaes of each of the ECW. countries
ere briefly reviewed in the follovwing parasraphs:

. Bahrain

32. In 1977, the ilinistry of Developuent and Industry cowiissioned the

Bahrain Hationsl 0il Coapany (B“NOCO) to initiate a solar energy prograune
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in Bahrein. This progreaase is being developed now in conjunction with the
Kuwait Institute for Scientific Research (KISR). The activities undertaken
withiu this programme iucluded the organization of twc solar exhibitions in
1977 and 1978; uonitoring sclar global and diffuse radiation; and collecting
data on the perforaance of a flat platc collector which was partially
assewbled at KISR. The budget for the Bahrain Solar idnergy Progre.ue in the

fiscal year 1980 was & 75,000.

B. Bgyot

33. The Suprene Council for Energy, under the chairuenship of the
Deputy Prine liinister, was established in 1980 to supervise the pleaning,
developuent and utilization of energy resources, including new and renewable
sources. This Council established three working groups, on "energy resources";

"energy production'; and "energy conservation and consuzptica".

34. The Hew Baergy Supreie Council was established in 1977 with the
function of drawing up policies and plans for the utilization of new sources
of energy, nauely solar, wiad, geotherual end other new sources. This

Council is headed by the linister of Zlectricity.

35. The "Qattara Hydro and Rensewable Eaergy authority" was eiipowered
to iuplenent the hydro and renewable energy projects, under the over-all

auspices of the hinistry of Slectricity.

36, The liinistry of Electricity and dnergy has coapleted some studies
and projects and is undertaking a nuuber of nev ones on rencwable energy

resources, which are briefly described belowu:

(i) The United States agency for International Developuent
(UsaID) financed in 1978 an cuergy assessuent project
for Bgypt up to the year 2000. The project was carried
out by the Lgyptian Hinistry of flectricity and the
United States Department of Energy (D0i). &
considerable part of the fourth voluue of the five-voluie
assegsuaent report, which was published in 1979, is
concerned with new and renewable energy (solar, wiad,

bionass and geotherual).



(iii)

(iv)

-16 -

4 Joint prograuaue of study on wind eneryy resources
in 3zypst has been conducted Jjointly by the Szyptian
Ministry of #lectricity and Oklzhoae State University
since 1972. The project was financed by the Uaited
States Hational Science Foundatioi. Phase I and
phase II of the project have been coipleted and the
fiael rejorts were subuitted in July 1975 end
Noveuber 1979 respoctively. rhesc I was a resource
availability study and Phase IT wes a deteiled
deasure.went and hardvare progra.ice on wind
characterisites. FPlans for shase III cre being
prepared in the weantiae, to obtain .ore accurate
ueasureuents for the wind profile in the vertical
direction cad to establish so.ue experiuental wind

syste.i.

USuID sponsored a study on the potential of renewable

ensrgy resources 2ad their cpplications in By pt.

{he Mitre Corporstion of the United States jointly
&Y i

with the Sgyytian participants carried out the study

and published o report on its findings in July 1980.

Bgyot, in an agreeuent with the Huropean Beonouic
Coununi ty (SEC), is planuing to establish a
specialized organizetion naued the Bgyostian Renewable
Energy Develcpuent Organization (EREDO), vhich will
develop strategies and dolicies for the utilization

of renewable energy resources covering the collection
of inforuetion, anelysis, testing and developaent
2rograitees, the ilapleuentation and industrial promotion
of renewabls energy systeis, educatiounsl prograiaes,
and technology transfer in the fields applicable to
Egyptian needs. £EC has already allocated eight willion

Suroyean units of account to the initial budget for AREDO.
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37. The liinistry of Electricity signed egreenents with the French
Co.nissariat 1'energic atowique (CRs), and the Société frangaise d'etudes
therniques et dlenergie solaire (SUFREIES). These egreedents yrovide for

the supply of: .

(a) o coaplete helionetric laboratory, with six Lobile
acquisition units to 2ap the solar encrgy potentinl

all over the country;

(b) & heliothersic laboratory for the testing and
evaluation of the therzal performance of soler

collectors accorcing to ianternational standards;

(¢) Bquipuent for night cooling experiments to gather
data oa the auocuat of heat redieted to the sky

during the night;

(d) & solar ciergy docu.entation ceatre, including
library, bibliograjhies, photocoyying ans wicro

£ila and aicrofiche equipuaent;

(¢) = solar weter hoater of a cagacity of 5000 litres
of hot water per day, installed at the El-ila‘ady
tdlitary Hospital ia Ceiro; other heaters of
capacitics ?anging’between 120-1500 1litres of
hot water per doy were iustalled et the "wafa

ond wdal" city;

(f) & reverse os.osis solar desalination uait of
60 m3 of potable water daily capacity, imstalled

at wl-Haurawvin on the Red Sea coast;

(g) A solar rofrigeration unit of five tons'! storage
casacity and producing about 800 kg. of ice
Gaily will be installed at Jasser Laks, adjacent
to the High Dan; this unit is cequipyyed with a

3

solar puny cajable of delivering 100 @7 water

dally to irrigate the surrounding arcas.
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38. 4n Bgyptian public cowpany (HLULUC) of the Hizistry of Zlectricity
signed an agreeuent with SOFRETES for the sroduction of solar thermal systeiis
in kgypt. wccoraing to this agreesent, the Bgyptian participant will
<anufacture the flat plate collectors, while SUFRZTES will supply the
theraal loops. wnother agreement signed with the French Ciodrano Coupauy,

Jrovided for the uaanufacture in 5gy»t of douwestic solar water heaters.

39. The iinistry of dlectricity sigued an eygreeaeat with the dinistry
of Scieatific Co-oyeration of the Federal Republic of Gerwany, under which
the Geruans will supply nine shotovoltaic uaits of a total Jowver of 10 kWe
to operate verious devices. The Germans have already supplied a nuaber of
solar water heesters of fauily sigze, which were installsd in the village of

Mit .bu Bl-Koum.

40. The Wational Resecarch Centre (NRC) of Bgypt included in its energy

prograuae & nuaber of renewable elerygy research projects:

(i) « solar power generation project was jointly conducted
by the Solar Znergy Laboratory of the NRC aad the
Hlechanical angineering Jepartaent of the University
of Herrylend (United States of waerica) in the Jeriod
1975-1978. The sroject budget ttalled ¢ 150,000
supplied from the Uanited States aad ¢ 200,000 frou

.E}gyi.)t .

(ii) a 10 kie solar pover plant started oueration in 1978
in the WRC. The Governuent of the Federal Republic
of Geraany, under an agrecaent with the WRC, coatributed
D 5 million for the equiguent of the power plaat
a.udi the NRC hes contributed D 6 willion for facilities,
salaries and preparation of the site, which extends over
an area of 8000 m2. The installation and testing of the
plant is bsing carried out Jjointly by the parties to
the agreeament. Soue wodifications are being carried
out on the concentrators, expanders etc., after two

years of testinyg.



(iii)

(iv) -

(v)
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4 solar cooling project is being carried out in the
NRC. The Governicent of the Federal Republic of
Germany has coatributed D 2 million for equipnent
design and for implementation and the WRC has
contributed DM 1 willion for facilities. & l.5-ton
solar cold-store is now operatiing and being tested

in the NRC Solar fnergy Laboratory.

& solar water desalination project is also being
undertaken mutual co-operation between the Feberal
Reyublic of Geruany and the WRC. The contributions
are D 0.% million froux the Faderal Republic and
DM 0.6 willion froa Bgypt. The design and econcric
evaluation is shared by both parties, but the
implementation and testing is totally carried out
by the Bgyptians. Four greenhouse types and one
dehunidifier (water frowm the air) were built and

being tested.

The Iaternational Developuent and Research Centre
(IDRC) of Canada financed jointly with the NRC

- (Canadian $ 110,000 froa IDRC and & 90,000 frou

(vi)

(vii)

the NRC) the design and iuplementation of solar
vegetable dehydration units. The design, iamplementation
end testing is carried out completely by the Egyptian

party.

The Solar Znergy Laboratory of the WRC organized
an Internationzl Solar Bnergy Syaposiua, held at

Cairo in 1978 and spoasoreG by Rockefeller Fouadation.

There is a group in the Solid State Physics Laboratory
of the NRC working, jointly with the Laboratory of
Bellevue (France), on solar cells. . photovoltaic -
solar water-puuping project is being carried jointly
between the Solid Siate Fhysics Laboratory and the

Federal Republic of Geruany.
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« joint project between the NRC and the Interaediete
Technology Development Group (ITDG) of the United
Kiﬁgdom was started in 1977 to develop a design for
a wind turbine-driven water pwap. The ITDG supplied .
the original designs, while the WRC took the
responsibility for the wodification and adaptation
of the originel design, the sugervision of the local
manufacture of the first prototyes, preliminary

testing and fianancing.

4n ambitious biogas research prograume at both the
laboratory and pilot-scale levels is being carried
out in the NRC. JDiffersnt models of digesters were
built and are currently being tested, using cattle
umanure, and it is planned to use residues and water
hyacinth. The project is financed by US.ID, but all
the work is carried out. by the Bgyptians. The
Zgyptians have coastructed different Chinese and
Indian digester wodels, and wodified the Chinese

version to suit the local rural Egyptian conditions.

4l. The agricultural Reseasrch Centre of the Ministry of sgriculture
in Bgypt started an experimental biogas project, in which the major field
experinents are carried out in the village of Moushtuhor ia the Hile Delta.
Different types of digesters were constructed by the farmers thenselves
and are now operating, and the biogas produced is wutilized for heating
and lighting on cow and chicken farms. a4t present, the experiuent is being

applied to household uses on the faras.

42. Various activities in new and renewable energy research and

development are being carried out in universities in £gypt, e.g.:

(a) 4 joint project has been conducted between Coiro University

and the University of Stuttgar, Federal Republic of
Germany, since 1979 to develop the desigu of a solar

power plant to be used in rursl areas.



(b)

(a)

(e)

43. Four
firms) started
two years ago.
units annually.

capacity.
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Cairo University is currently undertaking a number

of solar energy projects, such as the assesgsment

of solar energy avallebility in Bgypt, studies on
multipass collectors, studies on solar energy
storage, the direct conversion of solar energy into
electricity, the testing of various factors affecting
solar collector performance and parabolic troughs.
Studies are also uander way on the conversion of

residues to electricity.

Other Bgyptian universities have already initiated
regearch activities on solar water heating, desalination

and solar dehydration.

The Institute of Higher Studies of alexandria University
has recently signed an agreeament with the Hetherlands
for the manufacture of solar silicon cells and module
assenbly as a first step towards the couplete

manufacture of solar yhotovoltaic plants.

The american University of Cairo (AUC) initiated
the first work on social aspects of solar energy
utilization and has chosein wl-Bagaysah as a typical
suwall village in the Nile Delte for a preliminary
investigation. Solar cells to supply television,

a solar communal oven and 8 solar water systew
were introduced, to study their social impact. The
AUC also started a pilot project to establish an
integrated renewable energy centre, coibining work
on solar, wind and biowass energy, in a desert area
between Cairo and wlexandria. This project is
financed by US4ID.

firus (Egyptian coupanies and joint ventrues with foreign

the production of solar water heaters on a commercial scale

The production capacity of each firm is about 3000-4000
The water heaters produced are of 150-500 litres per day
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C. Irag
44. The National Coumittee for Energy was established in 1980 under
the chairmanship of the Minister of 0il. ationg the objectives of this

Coanittee is the prowotion of research aad developuent relating to new

and renewable energy sources.

45. The Solar Energy Centre (SEC) of the Scientific Research Council
is the co~ordinator of applied research in the field of solar energy at the
national level. The SEC is conducting and promoting research on solar
energy and its applications, in collaboration with the universities and the

Ministries of .igriculture, Industry, Reconstruction and Housing.

46. The SEC is working on solar therual power conversion and solar
photovoltaic cells Jointly with the Universities of Baghdad, Sulaymania,
and ul-Mustansiriyah. 7The Technological University is organizing & solar
energy conference this year. There are also solar energy courses given at

the M.So. level in some of the universities.

47. Plans are being prepared for the introduction of soie solar energy
applications, such as solar water and space heating, solar drying, solar
vater desalination, solar passive architecture, and the prepsaration of a

solar energy map for the country.

D. Jordan

48. The Royal Scientific Society (RSS) of Jordan initiated the
Solar knergy in 1971. Then the RSS established a Department of Solar
Energy in 1975. The wost important project undertaken by R3S is the
aqabah solar desalination plant, which was designed and built by the Federal
Repulbic of Geruany and has been in operation since October 1977. The
srograume of foreign econowic aid of the Federal Republic contributed
Dif 2.3 million and the RSS contributed DM 1 iwillion for this project. The
plant is working as a uulti-effect solar still. Other projects, such as
those concerning single-effect solar water stills, the testing of solar
collectors, space heating and cooling, are undertaken by the RSS, and the
last project is jointly undertaken with the Kuwait Institute for Scientifie
Research (KISR).
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49, One of the largest industrial applications of solar energy in
Jordan is the project for the uroduction of potassium and minerels from sea
water. 'The evaporating area of 110 h& produces 1.2 aillion tons of potassiua
fertilizer, 8 million tons of salt, 30,000 tons of bromine and 50,000 tons
of megnesium annually. The utilization of soler energy in this project

saves the country the equivalent of 4.5 iillion tons of oil annually.

50. The appylication of solar energy in agriculture started in 1970.
Solar greenhouses are increasingly used and at present cover zore than
100,000 hectares. The use of solar greenhouses increassd agricultural
oroduction about fivefold, saved 75 per cent of the water used for irrigation,
orotected the plants from insects and the negative effects of cliuate
changes, and nade possible the cultivation of different crops at different

tines of the year.

51. The Jordanian Telecoamunication Company has developed a photovoltaic
telephone system to serve reuote arcas and has installed 100 such systeis

along the highways and 30 in scattered and remnote communities.

52. . joint five year co-operation prograiune with the KISR started
by the end of 1980 for designing and constructing a solar house, suitable

for the local climatic conditions in Jordan and Kuwait.

53. The RSS five-year plan includes research and studies on the
assessitent of the needs of Jordan in the utilization of new and renewable
sources of cnergy, the techno-econouic feasibility of solar water heater
utilization in Jordan, the pre.aration of a design manuel for solar water
heaters, the developiaent of the desalination project, the application of
solar energy in spyace heating and cooling and power generation by photovolteic
cells, solar ponds and therial cycles utiliziag concentrators. .ilso,
projects for water puaving using wind energy and solar cnergy are included

in the plan.

54. There are some other Jordanien institutions interested in solar
energy, such as the Faculty of sgriculture at the University of Jordan,
vwhich is involved in ground sterilization using solar energy within a

study on "plastic agriculture".
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55. BSolar water heaters are produced in Jordan oa a commer01al scale
by two companies, each of then producing about 30 heaters per day. The
selling prices are JD 143,180 and 240 for the 120, 160 and 180-litre
heaters, respectively. fThere are about 20 companies iﬁ the West Bank of

Jordan producing water heaters.

56. 4 survey of the volcanic and geothermal areas of Jordan was
perforned by a French-Italian tean in 1973. 4. techno-econonic feasibility
study for the exploration and aining of oil shale and its utilization for
pover generation'in e plant of 300-400 MW casacity is being carried out in

Jordan.

B Kwiait

57. un Energy Coumittee at the natlonal level was set up in Kuwait
early in 1980. Representatives of the Ministry of 011 the Ministry of
Electricity and the Kuwait Institute for Scientific Research (KISR) are
members of this Coumittee. Planning for a research and developuent programue

on renevwable energy is one of the objectives of this Comnittee.

58. In 1976, the responsibility for carrying out research and develojuent
on renevable energy was delegated to the KISR. Some of the projects
undertaken by the KISR are briefly reviewed below.

In the area of sclar thermsl power generation, the KISR is
installing a 100 kile systea, which is manufactured mnlnly
by ¥BB, of the Federal Republic of Geraany. The collector
field consists of 56 parabolic dish concentrators, with 6 m
dianeters. . thermal fluid collects heat at a nouminal
teuperature of 350 C and is transferred to a storage tank.
The tank feeds energy to an Organic Rankine englne rated

at 100 kile. The dish concentrator and the engine are of
novel design. The systeu, which cost § 2.8 million, w1ll
start operation in 1981.
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In the area of solar cooling, an absorption air-conditioning
systeaz using an J4rkla 501-WF3-ton unit with flat-plate
collectors was installed in 1976 and operated for about

two years.

i solar house containing many energy conservation features
was built in 1980, It also has a 3~ton solar cooling unit
with both hot and cold water storage. The system utilized
flat-plate collectors. The solar house also has an air-
heating system with solar sir collectors, and a 1 ki
chotovoltaic system. The installation of a 40-ton solar
cooling system for a kindergerten school was ealso coimpleted
in 1980. It uses a 4-10 toa unit, 350 me Yazaki collectors

and hot water storage only.

The present plans in solar cooling call for a comprehensive
programme in this area, with strong emphasis on alternative
cooling methods like the Rankine Cycle. It also calls for
the development of & heat engine test facility for the
evaluation and potential developaent of new solar cooling

systeas.

In the areca of solar water desalination, eaphasis was placed
on the study of multi-stage flash (MSF) desalination

system using a solar heat source. Two designs are
considered; the first is an MSF unit fed from a well

with brackish water, and solar heat is obtained frow

line focusing .collectors. The MSF unit is expected to

3

produce 10 m” of ffesh water daily, which is roughly of

an order of magnitude higher than that of the standard

solar still for the same collection area. The second project
utilizes the 500 kW waste heat frou the 100 ke solar power
generation project to drive an MSF unit to produce 30-40 m3
of fresh water daily. Moreover, some of the electrical
cutput of the plant will be used to operate ¢ small reverse

osuosis unit for brackish water Gesalination
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Work in the area of photovoltaicsinvolves asplications
of solar cell technology in areas like water punping,
telecomnunications and air conditioning. It also
involves the testing of dust and westher effects on
cell performance. There is a starting activity on
aumorphous silicon solar cells and in the use of dyes
to shift the spectrum in a concentrated manner for

improved cell efficiency.

«wctivity in agricultural applications has been concentrated
on studying various types of greenhouses for Kuwait
agriculture. Both passive and active measures are
incorporated in several designs which were studied

both experimentally and theoretically by developing
adequate greenhouse simulation models. The most

successful designs will be constructed in commercial

sizes in conjunction with the 100 ke pover plant project.

« weather station vhich moaitors temperature, wind speed
and direction, relative humnidity, insolation etc. has
been installed in the XISR.

41l soler and wind data acquisition and colléetion will

be fully automated and computeriged, starting from 1981.

«n assessient of wind energy utilization in Kuwait is
_being conducted at present by the KISR. Plans for a
combined solar photovoltaic and wind power project arc

being discussed.

P, Lebanon ‘

59. The National Council for Scientific Research (CNRS) is the executive
arm of the Goverament in regearch, including research ia renewable SNeTrLy.
The energy programue of the CiRS is supporving some projects, such as
the establishment of a fadiometric network for the measurement of solar
energy availabilify in Lebaanon, water heating and water distillation.

Photovoltaic conversion, wind energy utilization in the co&stal areas and
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biogas gencration are under consideration by the CHRS and some universities

in Beirut.

60. The Reconstruction and Developiment Council is the governamental
organization responsible for planning, financing and following up the
implementation of development projects in energy, including new and

renewable energy applications and utilization.

61. The establishment of the Higher Council for Solar fZnergy in
Lebanon is under-way. Recently, the private sector has been showing interest
in the introduction of small-scale energy applications, particularly the

solar heating and cooling of buildings.

G. Oman

62. In 1972, solar water heaters were installed at the Royal air Force
base at Salalah on an experimental basis. In 1977 the Princeton Eneryy
Group (United States of wmnerica) visited Oman to study the feasibility of
solar energy application in two renote villages (Dalquot and Ragyout). The
Group, in its report to the Omani Governuent, identified water pwaping,
water desalination, water heating and sclar power conversion as the areas

in which solar energy activities were to be initiated in Ouan,

63. The Petroleun Developuent Company of Oman financed the manufacture
of a wind turbine for water puuying. The designs for the system were offered
by the Internediete Technology Development Group (ITDG) of the United Kingdou.
The first prototype was completed and installed in 1980 near Muscat. Soile
technical troubles led to the disuantling of the wind turbine, to enable

some .nodifications to the design to be reconsidered.

H. tar

64. 1In 1972, Lucas Service Overseas (United Kingdom) supplied a small
deuonstration photovoltaic generators. 4t present, the Qatar General
Petroleun Company is considering the application of solar energy in cooling,
heating, therual energy conversion, desalination and greenhouses. 4 study
on the assessment of solar energy use in Qatar has been undertaken by the
Middle Sast BEconomic Consultant, of Beirut. <fhe report on this study was

published in 1979.



65. 4t present, Qatar is »lanning to establish a solar energy project
with an estimated budget of & 3 million. The droject includes solar water

desalination, sjpace cooling and power generstion.

I. Sszudi arsbia

66. The pace of solar energy in Saudi jrabia is now sef by the Saudi
arabia Centre for Science and Technology (SANCST) in Riyadh, which is
menaging, elong with the United States Deparment of Energy (USDOE), the
Saudi uirabian United States Programne for Co-operation in Solar Energy
(SOLERAS). Bach participating Government has contributed § 50 million over
a five-year period starting in 1978. The Solar Energy Research Institute
(SERI) of Golden, Colorado, is the operating agent for SOLERLS. One of the
ains of the S.LNCST is %o enhance +the research capabilities of Saudi arabian
universities through SOLERLS, to establish an order of yriorities in solar
research in Saudi .rabia and to creatie co-orcinated efforts vetween the
different Saudi institutions. The vrojects that have been apyroved by the
Board of SOLER.S are those concerned with solar energy availability in Saudi
arabia, the establishment of a 350 kW solar photovoltaic station (whioh might
be expanded to 1000 kW), solar cooling, involving the establishment of solar
cooling laboratories in four Saudi universities, solar desalination, solar
energy applications in agriculture, and educational and training activities.
The other solar energy project which falls under the sponsorshiy of the
SalNCST is that undertalken by Electricité de France (EDF) jointly with the
Electrical Branch of the Hinistry of Industry and Electricity, Riyadh,

Saudi irebia, &DF will sup)sly a 45 kW SOFRETES solar sulp at a cost of
FF 5.4 million and one 30 kW'SERI-RENAULT photopile unit at a cost of
FF 6 million.

67. The University of Petrolews and Minerals (upi) organiged the first
International Conference on Solar Bnergy in 1975. The UPH is undertaking a
number of solar energy projects, such as the assessuent of solar energy
availability in Sauci dirabia, studies on solar energy storage, the direct
conversion of solar energy into electricity, including photovoltaic,
thermoelectric and theriionic converters, solar housing studies, the testing

of solar collectors and the geparation of wagnesiuz chloride from saline
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water using solar energy. ulso the Ui carried out an economic evaluation

for heliohydroelectric power generation by building a dam between Saudi .rabia .
ané Bahrain, and between Bahrain and Qatar, creating the artificial depression
of Dawhat Salwah, due to solar evaporation. The estimated power outjut of

this project is 50 MWe. <The UPl{ is now building a new research institute

which will include in its activities a soler prograie.

68. The activities in renewable energy research at the University of
Riyadh are mainly concentrated in the Departiient of lechanical Engineering,
where a solar enerzy laboratory for umndergracuate students was established
and experiments on water distillation, water heating, space heating and
cooling, solar Grying and solar concentration could be carried out. u 3-ton
air conditioning unit was acquired frou the Georgia Institute of Technology,
itlanta (United States of saerice), at a cost of ¥ 75,000. 4 proposal for
a research project on the assessuent of wind energy potential all over the
Kingdom has been submitted by the University to the Solar Energy Coumittee
of the S.NCST for approval and funding. another two minor wind energy
srojects are being studied, one for the utilization of locally amanufactured
wind turbines to clean solar collectors installed in desert areas, and the
other for coisbined solar and wind power generation by heating air in an
enclosed space, using solar energy, the air then being used to drive a wind

turbine.

69. The King 4bdul-iziz University (Jeddah) acted as host to & Hational
Solar Energy Conference in 1978. The University agreed on a programue of
co-operation on solar energy with the Federal Republic of Germany, with a
budget of SR 5 million. The University ordered a 1-kW SOFRETZS solar pump
for demonstration at a cost of SR 400,000. The Institute of Meteorclogy
ané J4rid Land Studies at the same University is collecting data on insolation
and wind speeds from a number of meteorological stations. The decision hes
been taken to establish a space and energy research centre within the framework
of the King wbdul-iziz University. Research and development in new and

renewable energy will be one of the activities of this centre.
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70. The Dir'iyah Institute has among its activities a one million
dollar grant to Terrasct Blenentary School (Virginia, United States of
america) to instal a solar heating and cooling systeua and a grant to the
Georgia Institute of Technology to survey solar energy applications for a stug;

of the state of the technology in solar snergy vater pumping.

Tl. There arec some solar and wind energy ayplications in Saudi 4rabia.
The largest solar energy application is the solar powered heating complex for
the 4irborne School (THBUK), where 50 hectares are heoted by solar energy.
the cost of this project, which started in 1978, is $§ 1.5 million. In 1980,
the General Directorate of Telephones installed wmore than 300 photovoltaic
powered eimergency telc_hones on the Seudi highways. .lsc, the photovoltaic
beacon established by the French at the dirport of Madinah in the early
1960s is considered as one of the first applications of solar energy in
Saudi Arabia. Some windinills were installed near dhahran by the aramco

0il Compeny for weter Pumping.

€
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72. Surveys for geotherual resources have been carried out in Saudi ar
and a new and extensive programie is in prosress to assess mediua enthalpy
fields which are expected to be found in &l-Lith, Jiszan and Hofuf for electmx
power generation for agriculture and siall industry development. Surveys for
high enthalgy geotheraal resources, which are expected to be found in Harrats,

are being carried out at present.

Je Syrien irab Reoublic

753. The Supreme Committee for Energy was established under the
chairmanshiyu of the Deputy Minister in 1980. This Comuittee is in charge of
policy planning and implementation for the graqual transition from the use
of conventional energy sources to the use of new and renewable sources of

energy, in line with socio-econoiic develoypments in the Syrian irab Republic.

74. Subcomitittescs on energy were also established in the Ministries
of Electricity, 0il, Housing and Municipalities, and in the Minigtry of
Industry. .lso, a subcounittee on energy was established in the atomic

Energy Juthority.
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75. The linistry of dleciricity has .rogramiies on renewzble energy,
including the combined use of wind generators and solar photovoltaic panels
to charge storage batteries capable of producing continuocus electric power
of 400 W for a period of 10 cays, and a solar heating system for an
apertment building. Flat plate collectors are being developced in the Solar
Enerzy Unit of the PFaculty of Mechanical and Electric Bngineering of the

University of Demascus.

K. United irab Emirates

T76. 4 National Committee on Bnergy was established in late 1980
to co~ordinate and follow up issues rclated to alternatives to conventibnal

energy.

T7. 4. Qentre for .apyplied Research on Solar Energy annlications is being
established, in co-operation with Japan. This Centre will concentrate
basically on sea and brackish water desalination, solar power generation,
solar space heating and solar water puaping for remote areas. It should be
mentioned that a 1 kW SOFRETES solar juip has been installed and tested in
al-syn.

L. Yemen

78. The only renewable energy application identified in Yemen is the
utilization of solar and wind energy to operate a nuaber of pilot transmitters
installed in some rewote and iountainuous locations by the Ministry of
Communicaticns. In addition, F.0, under its tenchmical co-operation prograine,
signed a project document in 1979 on the introduction of solar pumping
units in order to provide irrigation and drinking water to the inssifera
Farm project. devertheless, therc seem to be possibilities of developing
other renewable energy projects in the fields of geothermal and hiomass
energy. & survey of the geothermal potential was undertaken in 1980, vhich
enabled an area in the south-west of Damor to be selected as the wuost
favourable for geothermal applications. n assessment prograume is under way.

& provosal was also made by an Italian coiapany (@lectric Comsult) for the

sadle area.
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M. Democratic Yemen

79. The National Committes for Enefgy, under the chairuanship of the
Minister of Industry, the President of the 0il and Minerals Boérd, was
established in 1980. The planning and prouotion of renewable energy R & D

and applications are auong the responsibilitices of this Couaittee.

80. The Public Corporation for Eleciric Power installed at the end
of 1979 an 18 ki experimental wind systea for electric power generation.
This project was financed ($ 17,000) by the Organization of Development aid
froa People to People, of Denmark. ' The wind systenm was designed, manufacture:

and erected by Danish concerns.

8l. The HMinistry of Industry invited an Italian team to assess the
potential of geothermal resources in Democratic Yemen. The Departuent of
Tourisn requested the help of the Bulgarians for the utiligation of a
geothernal reservoir for touristic and recreational purposes in the province
of Hadranout. The French organizat ion BRGM undertcok a sreliminary
geothermal survey for the country in 1976-1977. The Italians recently
approached officials of the Geology and Mineral Exploration Departuent

to survey the solare energy sotential in Denocratic Yemen
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V.  BCONOMIC ASPECRS OF N&W aND REWIWABLE
SOURCES OF ENERGY I THA £CWA REGIOL

82. 4n economic evaluation of the utilization of new and renewaﬁle

sources of energy, particularly solar, wind, geothermal end blomass energy, ’
is not very meaningful at the present stage. Much Aore information is . ‘
needed than the ners cost of production of golar collectors, wind turbine

or biogas digestors before a définitive‘assessment'of the ecqnomics of the
utilization of any new or renewéble source of energy in the EGWA~region ié,<
carried out. In addition, the problem is élsovcbmgounded by the lack bf
information and the rapld rate of deveIOyment and cOmmer01allzatlon 1n many

of the renewable energy technologies.

83, bdost of the cost data for the new and rencwable energy téchﬁologieb
either come from the design studies or are based on international market -
prices. These data do not always reflect the actual cost of the applicatioh
of the technology in the ECWA countries. Uhe countries of - the qua region’
are generally charged much higher prices than the international selllng yrlces
for the nev technologies. In addition, many of the technologies in questzon
arec still in the phase of research end development at the international level.
Therefore, any cost estiwate under gréSent ci:cumétanées may be a poor gﬁidav4
to longer-term economic assecssments. Owing to the differences in the;econdmic'
structurcs of the ECWA member States, and in the degree of renewable resource )
availability (solar intensity, the wind régime, the amount and kind of the '
bionass resource) “which agy vary evea froa site o site in the Bane country, a- -
pr)alCtIOQ or & general cconoamic agsessaent of the utmllzatlon of rgngwablu
energy” resourcas all over the ECWA region will be far from reallstic. i
small coamunity located on the Gulf coast, with abundant solar and.hlnd energy,
is radically different from a village located in the centre of the Delta in-
pgypt, where the biomass resource is found in abundent quantlty, vhile the
wind spee ds are relatively low. Any attempt to find a regxonal nodel for all
thesce situations will be full of genera lltles and will be of no use to the
gpecific micro-economies for which economic assessuents should be. forecast

in eech individual case.
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84, 1In this chepter, an attempt is made to give a rough c¢valuation of
the cost per unit of cnergy produced by some specific renewable energy
technologies when utilized in the ECWA countries, and specifically in rural
and remote arecas. However, the use of renewable energy resources hes
environmental and social benefits, which could be evaluated quantitatively
and included in the cost effectiveness of these technologies as environmental
and social cost benefits. Those factors are not included in the following

cost analysis of rencewable energy in the ZCWA region.

4)  Solar cnerey technology

85. The rural applications of somc solar energj technologies could be
considered as already economically competitive in most of the remote areas
of the ECWA region. For instance, the cost of 2 single-effect solar water
still is the sua of the cost of land and the cost of the structure. In
desert and remote arvas, land cost may be a negligible part of the over-all
cost, while in thc urben sectors and agricultural areas it cannot be neglected.
The cost of the structure nay vary from one country to another in the ECWa
region, owning to the differences in material and labour cost. Generally,
the totel cost of the soler still in the BCWA Tegion ranges between $ 11 and
% 35 per square metre of the net evaporating area. If the lifetime of the
solar still is assumed to be 10 years, then the corresponding cost of distilled‘
water ranges between § 0.75 and § 3 for cubic metre (m3). While, the cost
of fresh water in Cairo is § 0.02 per m3, this cost can be as high as
$ 4 per m3 in remote areas of Saudi arabia and other ECW4 countries. At
present, solar stills are cheaper than any other desalination devices for
applications requiring less than 200 m3 ver day of fresh weter in reaote

areas.

86. The cost of solar dryers for food products is egtimated to be

about ¥ 15 per m2 in the #£Cila region.

87. Solar pumps are expensive at rresent. Their costs vary frow
# 20,000 to ¢ 60,000 per installed kilowatt. This estimate is based upon
prices of pumps sold to different ECWa countries. Solar pumps will not be

competitive unless their cost is reduced to § 2,000 per installed kW.
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88. The cost of solar greenhouses is about $ 45 per m2 at present, but
is expected to decrease to & lBlper m2 in the near future. The yield of the
greenhouses per unit of arec could be further increased by growing more than
one crop per year. The annual square metre of greenhouse mey reach, in this
case, about § 100. '

89. Solar refrigeration, although in the early phases of development,
has good prospects for implementation in many countries of the ECW.i region.
The production cost of ice using soler refrigerators is estimated to be about
¥ 20 per m3, which is less than the cost of ice produced by using fossil fuels

in locations far from large cities.

90. Solar water heaters are considered economical for applications in
both rural and urban sectcrs.in the ECWa countries. The cost of a locally
aanufactured fauily-size golar woter heater is around ¢ 900 in Jordan and
$ 500 for the sawc uvzit in Fgypt. ‘These cosis may be further reduced by

improving production techaiquss.

91. The cost of electrical encrgy generated from solar power plants
(thermal or photovolteic) is still much higher than that produced by
fosgil-fueled -systems, even in the remote areas. For instance, a solar
thermal conversion powar plent instelled in Kuwait costs § 28,000 per ke i.s.,
about & 140,000 per average kWe, giving a cost of electrical energy of about
% 2 per kWh, while that generated from fossil fuels costs froa § 0.07-- $ 0.106
per kWh in Kuwait.

The estimated cost of the photovoltaic project which will be installed
in al-Uyaynah in Seudi .rsbia is more than $ 50,000 per peak kwe installed
(8 350,000 per average ke and § 3.5 per kWh), although it is planned to
use concentrators, which are supposed to decrease the cost. The cost of
fossil—-fueled electrical energy in Scudi arabia is about § 0.6 per kWh. On
the other hand, a study carried out in £gypt showed that the cost of & unit
of energy produced by photovoltaics in & remote area is ¢ 0.66 per kih,
whereas it would cost & 0.27 per kilh if diesel engines were used in the same
area. These high costs are expected to be apprecisbly reduced if solar

electric power generation is underteken on a large scale in the ECWs region.
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Table 4 gives the expected time at which each solar application will

be economically viable in the ECWa region.

B) ¥ind power technology

92. The cost of the energy generated by = wind energy conversion
systen (WECS) depends meinly on the capital cost (P) of the system (whether
totally or partially imported), the wind régime at the site of installation,
which is quantitatively characterized by the load factor (K), the estimated
lifetime of the system, which is considered to be 15 years in the local
conditions of the Arab world, the intercst rete on the capital investment,
which is taken as 10 per cent in the present economic situation, and the
annual operation and maintenance cost (m) which is assumed to range from
2 per cent to 7 per ceat of the capital investuent. Taking into account all
the above mentioned factors, the cost ranges per kih of energy generated
by a WECS in some selected sites in the ECWA region are listed in table 5.

93. The cost iange per kih is based on a cepital investment of § 1,000 -
¥ 2,500 per instelled kW, which corresponds to the prices offered by meny
Ranufacturers. The highest estimated cost is in Jeddah in Saudi arebia
(K=0.195, =17 per cent and P = 2,500 4/kW), where the estimated energy
cost is & 0.3 per kwh. The cost of fossil-fueled energy in the remote
areas of Saudi arabia is around ¢ 0.6 per kWh, which is much higher than
the energy generated from wind. .t a site like Hurghada in Egypt
(K = 0.474, n = 2 per cent and P = § 1000/kW), the cost is about & 0.04 per
kWh which is distinctly lower than the cost of energy generated by a diesel
generator unit (0.27 § per kih).

94. The costs given in table 5 show that the immediate utiligzation
of wind energy in the remote areas of some ECHi countries (Egypt and
Saudi Arabia) is economically viable. In other ECWH. countries, the use of
a WECS in remote areas will be econcuically feasible if the capital
investment is reduced towards the lower linmit of the range (lOOO $ per k).
This uay be achieved if some of the coaponents of the WECS are manufactured
in one of the #CWa countries, preferably one with low labour costs and
with an industrial infrastructure capable of uwanufacturing the components

assigned.
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Egble 4

TIHUE-TLBLE POR SOLuR uPPLIC.TIONS

application Product areg of Proposed
implenentation ear
Soelr dryers Preserved dried Sea shores and 1981
_ food rural areas
Solar stills fresh water individual houses 1981
and sea shores
Solar numps Juiped water reiote rural areas 1990
Sclar greenhouses vagetables all rural areas 1981
Soalr refrigeration Lreserved food, fishing villages and 1985
ice pastoral settlements )
Solar air-conditioning conditioned space cities 1990
Solar heating comnfort heat cities 1981
Water heaters hot water cities 1981
Solar electricity electricity coaumunication 1981
systens
Solar electricity electricity remote areas 1985
Solar electricity electricity generai applicationgs 2000
Solar furnaces heat 1000°C mining 1985
Solar heat heat 200°C industry 1981
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COST PAR KWH OF ENERGY GENERLTED BY WIND ZENERGY
COBNVERSION SYSTEMS AT SELECTSD SITES I THiE ACW. REGCION

Country Site Operation and Renge of wind ener
waintenance cost ésZkWh

Bahrain Huharraq Tso 0.07 - 0.18
Bgypt " El1-S2lloun 2% 0.06 - 0.15
slexandria 2% 0.07 - 0.18
Hurgheda 2% 0.04 - 0.09
Kuwait al-shizadi 7% 0.07 - C.16
Lebanon 5% 0.08 - 0.21
Qatar Doha 7% 0.10 - 0.24
Ras Rakan 7o 0.06 - 0.15
Halul Island 7% 0.06 - 0.16
Seudi arabia Dhahran 7% 0.10 - 0.24
Ras Tanura 7°/3, 0.11 - 0.26
Taif % 0.10 - 0.24
Yanbo 7723 0.09 - 0.22
Jeddeh 745 0.12 - 0.30
United Arab Das Island 7% 0.09 - 0.22
Emirates Jebel Dhanna 7% 0.09 - 0.23

Sharjah 7% 0.09 - 0.22
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C)  Biouass techinoloiy

95. Oue asgect only of the econouics of biowass processes is discussed
here; it is the econowic viability of biogas roductiui, including the

evaluation of the other injuts end outputs (slurry) to the systeia.

96. The econowics of biovgas Lroduction is discussed on the basis of
the Indian and Chinese experiences, since there is no experience in the
ECW4 countries of biogas production, except the yrojects uwadertaken in Lgy.t.
These projects are not yet at a stage such that their econcaic aspects
could be considered as a basis for caalysis.

97. Different sizes of biogas plants are considered; the first is a

3

2-cov unit producing 0.4 wa” of gas per day, the second is a 5-cow wnit
Jroducing 1 m3 gas per day, and the third is a 20-cov unit producing 4 m3

gas per day. The cepital costs of both designs, nameiy the Indien design

and the Chinese design, are given in table 6. .lthough the units are treated
in teras of the number of heads of cattle, this does not preclude the use

of other (perhays more attiractive) inputs (e.g. crop residues). The
calculations in table 6 ar=s bas2d on disregarding the labour and maintenance
costs. The plant owner is asswied to repesy the fixed capital cost of the

plant in fixed instalitents over five years with a 10 per cent interest

charge. The results of calculations for a typical year in the first five years

of the project are given in table 6.

98. The results shou that the netal design (Indian), S5—cow uait is
aot financially attractive, if the slurry value is gero. The 20-cow uait
is viable but not particularly attractive under these conditions. However,
if the high slurry valuation is included, both uaits are financially viable
and quite attractive. ‘The results for the stone design (Chinese) show the
uadoubted advantages to be obtained by cost reduction. The very sumall unit
is not viable if the slurry value is zero, but is attractive for higher
slurry values. The stone design is alwvays a better proposition than the
metal design and an arguuwent could be wade in favour of the S5-cow unit,
even on the basis of gzero slurry. 4t higher capacities, the uait looks
extrewely attractive. ‘he very siuple technology of the coastruction of
the stone design and its econouwic viability uwake it appropriate for rural

areas in the LCWA countries. Hovever, the biogas experts in Egypt found
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' ;hat the biogas produced by the Chinese digestor lost its pressure wuch more

.rapidly fhan the biogas produced by the Indian digestor.

Table 6

ECONOMICS OF B10GsS PRODUCTION

low

Size Capital‘ . annual . Gas Slurry value Net cash f
- Déesi 'th- repovient 2 o <$ pa; » 1£ pas
D@51£9 (¢OWS) 0?35 2§f w/da 228 Lo} iled.) High| Low | ied. |High
Indian | 5 1240 - 80 1 .58 o} 45 90l-21] 23 | 68
| 20 550 183 . 4 255 1 ol180 | 360} 50} 230 | w0
Chinese| 2 0 | 23 0.4 251 o} 18] 36/0.4] 18 | 3
S 5 110 37 1 58§ 0] 45! 9of 21 66 | 1

20 - 215 T2 4 233 § 0180 360 1611 341

)

D) Geother”zl technolo gx

4  99. The economics of utlllzatlon of a geotn°r4a1 resourcs degends on
many factors such as well tedarature, flow rate, couwposition of the water,
well deoth, etc.A Therefore, the econouics of geothermal technology cannot
be dlscussed w1thout reference to a spec1flc case. Since there is no gingle
geothermal plant that has yet been built or operated in the BCWa4 reglon, it
seems very dlfflcult to fix any precise estimate for the cost of energy fron
' geothermsl resources in this region. Oaly rough estlmutes of the cost of
geothermal energy, based on the cxperlence gained in the other regions of
_ ‘the’ world, are  prese ated. Two cases are considered; the flrst is a high
"enthaloy project and the second is a low enthelpy proavct. The tentative
“cost analysis of a 20 HJ hmgh~enthalpJ progect is based on adverse conditions
(new gaothermel area, high geologicel risk, etec, ) “The total cuyltal
lnvestment ranges between 4 94-144 millions, including investuent in
:exploratlon, the rrocess, power plant and well renewel. The operating
'costs for the power plant and well Waintenance aiount to ¢ 43 million over
10 years, which is the assuited life-time of the plant. The total estivated
. ‘cost of a unit of encrgy renges between & 0.056 and $-0. O72/kWh for a 0.9
load factor. ' ' '
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100. The investument in a low enthalpy geothermal project is estimated
to be § 2.425 million when deep wells producing hot water are availeble,
$ 4.25 aillion when there are no available deep wells and single-well
exploitation is selected, and § 6.425 willion when there are no available
deep wells and double-well exploitation is selecteds In addition, the
annuel operating expenses are § 275,000. The output of such a project is
around 0.8 TOE/h, i.e., equivelent to 9.25 Ny. ’
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VI. ZSNVIRONMENTAL ullD SOCIsL ..SPECTS OF NEW .iND
RENEWABLE SOURCES OF ENERGY IN THE ECH. REGION
101. It is gencrally accepted that most of the renewable energy systeﬁs

(solar, wind and geotherual) are pollution-free, since they produce no
exhaust gases, particulate emisasions, or residuals, which is not the case
with fossil-fueled energy systeins. These systems operate without using any
combustible materials, i.e. there is no possibility of accidents during the
transportation of fuel or during the operation of the systen, and there is
no possibility of serious water or air pollution, and also no licbility

for loss of property or death of living organisms.

102. In fact, most rencvwable energy resources are dilute forms of
encrgy that are used mainly in decentralized energy systeis, which suit

the rural and desert comuunities in wost BCW. countries.

103. The uide utilization of renewesble encrgy resources in such
applications as heating, cooling, water puaping, crop drying, water
desalination, electric power generation, etc. in the ECWL region will reduce
the consuugtion of fossil fuels and consequently the amount of pollution

resulting froa burning theu.

104. The use of the available solar, wind and geothernal energy in
rural areas of the ECW.. countriecs where fossil fuels are hardly available
end biomass is used instead, mey help in stopgping the continueous descrtification

in aany arcas of the region.

105. Renewable energy systeus, particularly solar encrgy systens
requiring large ccllecting areas, are also affected by environuental
constraints with regard to land use. This uway be of iagortance in
agricultural rural areas where land is cultivated and is therefore of high
value, but in desert areas the productivity of the land is low and it is

not highly valued by the inhabitants.

106. If reneweablc energy systeus are manufactured totally or partially
in the ECWA region, then the assecssitent of their environuental iapact

should teke into consideration the total energy cycle, and not only their
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final and aost visible aspect. MNost renewable energy scurces are of a

diffuse nature and are interaittent and therefore require large collection

and storage devices. The large quantities of materials required to wanufacture
these devices imply huge industrial efforts in wmining, fabrication,
construction and installotion. EBach foriz of these industrial activities

has its own level of risk to human health. There has been no evaluation

in the BCW. region of the total risk to huuan health per unit of eunergy

output of the systen.

107. when solar energy utilization for space heating and cooling of
buildings is considered, the choice of the orientation of these buildings
with ressect to solar radiation is iwportant. This will in turn, influence
the location of water and sewége pipes, electric cables, road directions,
ete. This nay not create any probleus when new building are constructed,

but in already established couaunities, it will represent a scrious problei..

108. Wind energy systens have a positive ecologicel iupact when they
replace diesel engines for water pumping in coastal areas of the BECW.
countries, since their use reduces the danger of inducing underground water
salinity due to overpuaping. This is aue to the fact that the punping rate
in wind systens is, of course, much lowver than that of a diesel-~driven
pwip. The negative environuental inpacts of wind energy systens, such as
catastrophic failure, the choppiug of electroaagnetic waves, the killing of
birds struck by rotating blades, the adverse aesthetic iupact, ncise, etc.
are of ninor iuportance when saall-scele wind systeus are used in rural and

degert areas in the BCW. countries.

109. Socue environuental factors, such as cliuatic (high teuperature,
hunidity, dust, etc.) and ecological conditions iay seriously affect the
operational perforaance of renewable energy systaes. Such factors should
therefore be taken into account in the design or selection of renewable

energy devices to work in the ECWa countries.

110. Supplying energy froil renewable resources to rural and desert
counnunities where there is little coumercial energy results in a nuaber
of social benefits, such as the provision of clean drinking water and an

inecrease in agricultural production end other gains, since a substantial
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part of the available human and anianal labour will be released for other

tasks. The provision of light for reading in the evenings inproves'the
progress and quality of education. Other social benefits include the broadenin
of community and personal activities such as adult eduction, and attendance

of evening classes and health clinics, and also the stiulation of snell

industries or handicrafts and the associated infrastructure.

111. If reacvable energy resources are to be widely used in the ECi.
countries, most of the necessary equipuent should be aanufactured in the

region, thus creating ucre enployment opportunities.

112. Should biogas technology be considered, then the social benefits
of iuproved waste disposcl uethods and health control are of special interest

to rural and desert cowaunities in the #Cil. region.

113. 411l the above-uentioned social benefits would help in relocating
Bedouin tribes and would also attract people froua over-pcpulated urban

centres to nevw fariing couamunities in reaote under-populated areas.

114. The increasing nced for these new sources of energy could lead
to conflicting needs among groups and individuals, a situation which
usaully accoupanies the introduction of any new techiaclogy. This, in turn,
would accessitate soue legal decisions regarding standards, quality control,
pollution control, tax incentives for industry and users, the encouragesient
and protection of local nanufacture and import and export policies relating

to new and renewable asources of energy.



VII. CONSTRLINTS HIWNDBRIWG [THEZ INCRE.LSED USE OF NEW 4D
RENEW.BLE SOURCES OF ENERGY IN THE BCW.. REGION
115. The absence of over-all policies and strategieson new and renewable

energy sources at the national level in all ECWi uenber countries is in
fact one of the major obstacles inpeding the developuent and increased

uge of renewable sovurces of energy. Therefcre, the efforts end acitivities
devoted to the prouotion of research and developwent and the utilization

of new and renewable sources of energy, sead tc be diffused aad fraguented,

and, in some cases, are even nisdirected.

116. 4 wajor cunstraint impeding research =znd developuent activities
oan new ané renewable sources of energy is the lack of an indigenous
scientific, technical and industrial ianfrastructure in acst of the ECVa
oeaber countries. In fact, these technolegics encoapass an extreiiely
wide range of scientific specialities and the range of knowledge required
for their devclopiaent covers wany classical scientific disciplines. Research
activities must therefore be broadly iaterdisciplinary, a situstion which
does not oxist yet in nost of the ECW. countries. Ongoing research and
develcpuent, even where it exists, is often directed towards long-tera
fundanental objectives, to the disadvantage of application-oriented practical
developnent and field testing. 4lso, the allocation of financial resources,
uanpower, and equipment to research and developuent is insufficient.

Mechanisus for the promotion of these activitics are coaplex and slow.

117. Some Governuents in the ECWa region subsidize energy prices for
their consuiers, e.g. the selling price of one kWh of electrical energy in
Kuwait is eround four per cent of its actual production cost. On the other
hand, there does not exist a naticnal policy in any of the ECWa countries
for subsidizing the capitel cost of renewable energy equipment (solar
collectors, wind turbines, etc.). This situation does not encourage either

the private or the public secctor to allocete investuwent in the field of

nevw and renewable source of energy.
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118. The absence of & coumon narket at the regional level to facilitate
the free uovenent of scientists, technicel Jersonnel and products relating
to new and renewsble energy results, on the oac hand, in the indigenous region)
developunent of new and renewable energy technology being haupercd, and on the
other hand in couplete Gependence on the iaport of such systeus as finished

procducts.

119, Technical co-operation at the regional level auong the ECHA nenber
countrics is at its miniowa level at the sresent tive. Thisg ina&equate
regional co-operation leads to duplication and reduces the cfficiency cof
R & D as a vhole. Howvever, there are Leny bilateral agrecuents between
individual ECHWA countries and souc industrializedvcountries in the field of
new and renewable sources of energy. In such agreeuents, wmost of the
responsibility for the inception, design, developuent and nanufacture of
renevable energy equipment is borne by the industrislized countries, while
the role of indigenous scientists and technical wcapower is confined, at
best, to installation and experinentation and beconing acquainted with the
operation and uaintenance of the equi puent. This fact by itself is an
obstacle to the developuent of an indigenous infrestructure for renevable
eneréy technologies, and the region becoues only a warket for inported

renewable energy technologies.

120. In nost of ECWi member countries, there is a severe lack of
co—ordination between the policy-uakers and the technical and scientific
institutions working in the field of new and renewable sources of encrgy.

In addition, the Jublic is not sufficiently aware of the advantages of
their applications. These facts reveal the obstacles associated with the
lack of a co-ordinated policy and prograanes for the developmnent and epplication

of new and rencwable energy technologies in most of the countries of the region.
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RECOMMENDATIONS

e 4% _the national level

(1) ECWi meuber countries are réauested to build and strengthen the
nachinery for energy olanning and to foriuulete a comaprehensive national
2olicy for the utilization of new and renewable sources of energy for the
present tiue and for the near future. Governuents of the ECHA countries
should also give priority to the initiation of a prograume of action in the
field of renewable energy, after an assessuient of the new and renewable
resources available in their countries. This plan should be co-ordineted
with and integrated within rural developument and should take into account

the real needs and the social, envirvnmental end cultural acceptability of

the proposed energy alternatives.

(2) The ECWa iseuber countries should set up» and strengthen the appropriate
institutional infrastructures needed to proilote and undertake research and
development end the testing of new and renewable energy technologies, taking

into account the experiences gained by other countries in the region.

(3) i systemn of incentives, subsidies and assistance should be
fornulated by each ECia uember State to encourage the use of economically
viable and technically proven renewable energy technologies and the

conmercialization of their processes and prototypes.

(4) The ECiWa nmember countries are requested to introduce into their
educational systems, at all levels, special topics on science and technology

relating to new and renewable energy sources.

(5) The research and developuent institutions in the ECW. nenber
countries should participate actively in a consultative and/or executive
cepacity in the various phases involved in the process of foruumlating and

adopting policies related to new and renewable scurces of energy.

(6) The ECWai member countries are requested to allocate sufficient

funds for activities on research and developuent and deionstration of new

and renewable energy technologies.



B. it the regional level

(7) The ECis wember countries are requested to establish, in
consultation with the Zconomic Commission for africa (ECi) and the League
of Lrab States an inter-.rsd renevable energy technology transfer advisory
body, to cssist interested ECWa countries, at their request, iz negotiating
with foreign nanufacturing firas for the local nenufacture of well-established
comiercial renewable energy systeii goiponents. Thig body should place
euphasis on the assessment of the technology, its suitability for lccal
application and the terms of relevant coutiercizl, technical and econouiile

cgrecuents.

(8) ECWA nember countries should seriodically organize regional
neetings to exchange ‘information regarding the optiuu: utilization of new
and renewable sources of energy and to facilitste the exchange of scientists
and experts on new and rencwable energy between the individual countries

of the region.

(9) 1t is Tecoiniended that the ECWi azember States initiate the iuplenmentatio
of co~operative and Joint projects for the exploration and utilization of

renewable energy technologies.

(lO) It is reconuended thot the ECWa meuber States should establish
educationel institutions and training centres at the regional level to
train scientists, engineers and technicians in various areas of new and

renewvable sources of energy relevant to the region.

(11) Co-operation at the regional level should start to enable the
ECWs member States to manufacture components, equipments and other materials
related to the development and utilization of new and renewable sources
of energy, and to build an indigenous technical and industrial infrastructure
capable of testing and nanufacturing all couponents needed for systeus

for the utilization of such sources of energy.

c. &t _the global level

(12) The United Hations should uake the appropriate institutional
and other arrangeuwents needed to enhance its role in the area of new and
renevable sources of energy, more particularly in the interest of the

developing countries.
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(13) The existing bilateral and multilateral agreeuents of the ECWA
weuber countries on technical co-operation, at both the regional and the
interregional level, should be strengthenel to include explicitly the area
of new and renevable sources of eunergy.

(14) The BCW. countries should participate actively in interregional
end international seainars, syuposia and conferences on new and rencwable
gources of energy.

(15) The interregional and global orgenizatioas and institutions
concerned should co-operate to establish an information network on new and
renevable sources of enersy.

(16) The developing countries should co-operate to exchange
infornatiors and to produce collectively components and equipnent related to
the developnent and utilization of new and reaewable sources of energy,
in order to enhance their collective self-relionce in this arga, 7

(17) The existing interaational cheonnels should be used to exchange
and disseninate inforuation on the develogment of new and renewable energy
technologies, and on field tosting, dedonstration Jrojects and prograss in
the inplenentation and eveluation of previous exjerience, including any

negative results.
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W&iNEX II

c.Idst of units

ares
1 hectere (ha) = 10% square wetre (ma)

Voluue
1 litre = 10~

Mags

rm—

kilogrause (kg)

Power

Watt (W) - Joule per second (J/s)

Energy

kilovatthour (kwh)
Joule (J)
1 ton of 0il equivalent (T0Z) = 11.6 ifih

6

l1kwh=73.6x10 J

Multiples of units

Giga (G) = 109
Hega (§) = 10

Kilo (k) = 10°





