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Explanatory motes

In addition to the common abbreviestions, symbols and terms, the following
have been used in this report.

WE hinistry of Water Economy
MAE Ninistry of Agricultural Economy
WFEXI Ministry of PFuel and Electric Industry

IPT Institute of Physics and Technology
SCST State Committee for Science and Technology
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INTRODUCTION

Mongolia is a mountainous country with an area of 1,566,500 a? and a
population of 1,685,400. There are four natural climatic zomnes: forest
steppe, steppe, mountaia and the Gobi desert.

The structure of the gross output of the ecomnomy, in perceatage terms, is
as follows: industry, 40; sgriculture, 20; coastructiomn, 10; snd transport
and communications, 10. MNaterial supply, trade and State purchases make wp
the rest of the output. The distributioa of the work-force ia the main
sectors of the ecomomy is as follows: industry and coastruction, 21.5 per
cent; agriculture and forestry, 40.4 per ceat. The remeinder is spread
amongst other fields of the economy. This high proportion of the work-force
occupied in sgriculture demonstrates the large smount of menual labour that is
usually required in that sector. Mechanicel means, such as small mechines and
fuel-driven equipmeat, are scarce. However, the history of emergy development
is connected with the hi-izcry of human development and mmch atteation is being
peid to the energy problem of the developiag countries at the intermationsl
level. This is plain from the decisions of the United Natiomns Conference on
Renewable Energy Sources held at Nairobi in August 1981.

A number of institutes of the Scientific Acedemy of Mongolia's Institute
of Physics and Technology (IPI) - the Ninistry of Water Economy (MWE), the
Hinistry of Agricultural Economy (MAE) and the Ministry of Puel and Rlectric
lndustry (MFEI) - have begun to carry ost scieatific iavestigations into
designing different mechanical means for all branches of the economy.
Eangineering for the agricultural sector is the most pressing need. MNuch
scientific and design work is therefore being done on the use of wind and solar
energy in sgriculture. Momgolia’s ciimatic conditions are more favourable for
. using these types of energy than those of other developing countries. However,
there is no well-equipped technological base for the necessary energy-related
engineering. Moreover, there sre nv well-equipped institutes or proving
grounds for the preparstion of the necessary techaniceal documentation or the
testing of experimental prototypes.

In this report, an sttempt is made to summerize the experience geined
through work carried out previously, using inputs from the Covernment and the
United Mations, and to present some preliminary recommendations.




1. To orgenize the training of Mongolisn fellows abroad, sccording to
programmes slaborated to this ead.

2. 7To supply, as soon ss possible, equipment for the pertial production of
solar cells and for improviang the testiag of wind power stations and solar
heating systeas.

3. To work oswt a programme and method of recording the ever-chamging
characteristics of sclar power and wind emergy, im order to design eppropriate
coatrol systems.

4. To find a possibility for the State Committee for Sciemce and Technology
(SCST) to establish an experimentsl design wait for designing complete

technical documentation for solar heating systems, sclar cells sad wind
power stations and, at the seme time, to solve the orgamizational problem
of disseminating, to industry, the techaical documentstion emanstiag from
experimental, pilot and sansfacturing operatioas.

5. 7To find a way of fimenciang both the project and the comstruction of s
technological base for produciag experimental prototypes based om research
work.

6. To organize high-level and professional training of natiomal persomnel for
agricultural energy services.

7. 7To find s way of organizing an agricultursl energy service for instslling
and meintaining energy and electrical equipment.

8. To find s way of establishing a subdivision for testing experimental
prototypes on a technological beasis.
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I. BACKGROURD

A. Traditionasl energy sources

Cosl. Cosl is a main emergy source for Mongolia’'s isdustry. It is used
for the central State power system, which supplies electricity for plants,
factories, the coal and other mining industries, and major agricultural
consumers (poultry, cattle aad pig farms, greemhouses). It is also a
fundemental source of heating for dwellings ia most towms, villages and rural
regions. Annusl coal ocutput is sbout 4,376 million toms. Rlectricity power
stations consume 42 per ceat of this owtput and agriculture 5.2 per cent. The
capacity of the electric power statioms is 430,000 kVW, the annual production
of electricity being 1,634.7 million kth. The cost of electricity for
dwelling needs is 0.35 tughriks per kith. The ceatral electricity power system
covers 12 per ceat of the comntry, where 35 per ceat of the population are
concentrated. There are some domestic heat power statioms it Choibalsan
(24 W), in Bayan-Ulgii aimek (9 W) and in Dzebkhan simek (2 MW). BRural
conswmers, which have a deasity lcad of 1-1.5 k¥ per km?, account for
70 per cent of total electricity outpit. The density of the electric load
is 0.03-0.2 kW per kmZ. It is thus mecessary to develop the supply of
electricity by maximizing the use of domestic energy rusources.

0il. Some 94 per seat of the agricultural sector is provided with
electricity from diesel powered stations with capacities of 26,700 k¥
(800 units). The annual electricity owtput is 31.2 million kWh, at a cost
of 0.6-1.5 tughriks per kwh for diesel powered stations and 1.3-2.5 tughriks
per kWh for petroleum powered statioms. About 50,000 tons of fuel must be
imported for these purposes, because Mongolia's own o0il reserves have no
industrial significance.

Hood and manure. Wood and menure are used for cooking and heating. The
smsaual consumption of msnure is more than 300,000 tons.

Anslyses of reserves of traditional emergy sources show that it is
necessary to design small systems that work off thess reserves to supply the
energy needed to heat dwellings, brseding farms snd water, and to complement
these systems with solar systems and water pumping stations.

B. Climate end gctinometry
1. Air temperstere

Mongolia's climste can boast 250 sunny (and 9-23 cloudy) days in a yesr.
The period in which temperstures cre above O °C lasts sbout 170-19¢. days,
incressing in the south and south-esst to 2C)-215 days. Highest tempuratures
sre recorded in July, varying from 12 to 20 °C, snd up to 2% °C in the south.
The lowest temperstures reach -15 °C im Jenuasry in the middle region and
=25 °C in the north. The temperature can fsll to -50 °C, however. The number
of hours when the sir temperature is -20 °C is 500-1,500 in the south and
south-east, but 1,500-2,500 in the north. Temperstures of -30 °C sre reached
for 50~100 hours s year iz the south and for 1,00-2,000 bours in the morth.
The hesting sesson lests for 210-260 days every year, depending on the region.
The asbsolute sinimus ground tempersture resches -52—54 °C and the shbsolute
mezisum reaches 67-69 °C. There is permafrost in some rezions of the country.
The meximum permcfrost 1-1.2 m) occurs is February-March and the minimum in

Septembir-October. 7The relstive asir bumidity varies from 55 to 65 per cent
during the yesr. The smount of precipitatios varies with the sessos. Some

8-10 per cont occurs duriag the cold sessons, snd 65-78 per cemt duiviang two to
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three months of the summer. The lowest amount of precipitation occurs in
Japuary and the highest in July. Annuval precipitation is 100-300 mm.

2. Solar energy

There are 2,700-3,300 hours of sun unually (more than in Prance, a
leading country in the use of solar energr). Thers ar: never more thsn two
cloudy days in succession, something rare.y observed elsewhare on the planet.
These conditions are caused by Mongolia's altitude above sea level; the couniry -
receives a high level of both direct and indirect soler radistion. Anpuail
solar radiation for the whole of Mongolia is 8.3 x 1015 WJ or 2.3 x 1015 M.
This energy is a trillion times more than the electricity generated by all of
Mongolia‘'s electric power statioans and 230 times more than the electricity out-
put of all the electric power stations in the world. This abundance of stable,
ecologically clesn, solar energy in Mongolia has practical possibilities of
being transformed slso into other types of energy.

3. VWind emerzy

Any evalustion of the potential of wind emergy must take into comsidera-
tion the peculiarities of wind speed and the variations inm air flow, ranging
from full calm to storm conditions. About 450,000 km? (28.7 per cent) of
Mongolia has an annual wind speed of 4 m/s snd above; 100,000-380,000 km?
(24.4 per cent) has a speed of 3-4 m/s. The recurrence of differont wind
speeds is a general churacteristic of wind energy measurement at various wind
power stations. Observation of this recurrence over many years is shown in
figure I. The approximate number of operstional hours is shcwn in tadble 1.
The required wind speed is evaluated in figure II. The annual wind energy
potential of the country is 836.8 miliion k¥, using 4,500-3,000 hours per
year. An output of 1,129.7 million kwh of electricity can be achieved using o
wind energy coefficient of 30 per cent. It is possible to get 90.4-112.9
milliard kWh using 8-10 per cent of the potential wind energy resources. The
possibility of wind energy messurexant predetermines the design of wind power
stations for electricity output. Such stations could provide a vital imput to
Mongolia's economy.

Table 1. Annusl possible working hours of wind power
stations in the desert and semi-desert zones of Mongolia

Annusl wind
speed, Antisl pogsible working hours by speed
Meteorological zone VvV (n/s) 3.6 3.5 4.0 4.5
Mandalgobi S.41 6 333 S %33 5 334 4 878
Dalanzadged 4.19 5 579 4 983 4 388 3 880
Sauntand 5.0% 6 132 S 597 5 063 4 590

Annuasl totsl 4.9 6 014 S 137 4 928 & 456
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Figure I. Distribution of speed and duration of wind
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FPigure II. Wind speed of wind stations, including speed at the
station for desert and semi-desert zones of Mongolia
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4. Water resources
Water for pastures, animals and home needs is provided from different

types of wells (table 2). It is possible to use water from rivers only in
- summer, because sll rivers are frozen in winter.

Table 2. Distribution of wells etc. in Mongolis

Type Number Percentage of total
Springs 2 100 5.4
Pit wells 13 805 3s5.8
Draw wells 10 615 27.4
Bore wells 8 700 22.5
Ponds 1195 3.1
Hydraulic reservoirs 3 930 3.0
Totsal 38 665 100.0

There are 34,400 agricultural suuries (small orits comsisting of one or two
families that live in yurts) in the country, where 140,000 of the population

mki Bvery suury keeps 500-1,000 sheep and gosts or 150-200 cows, horses snd
camels.

There are more then 20,000 wells that could use wind power. The output of
most is 0.5 1/s. It is particulsrly nscesssry to take into sccount the
combinstion of both the productivity of pwmping equipment aad the output of
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the wells. Mechanized pumping of water from wells is seen only irregulerly in
the country. MNanual labour accounts for 70 per cent in the Gobi zons, 80 per
cent in the forest steppe zone and 56 per cent in the steppe zone. Xcst wells
are frozen in the cold season and are thus not suitable for providing water

for people or animsls. As sheep annually lose 3-4 kg in weight and 1-1.2 kg

in wool because of the lack of water, it would be possible to increass snoual
output by 18,000-20,000 tons of meat and 6,009-7,000 tons of wool by good
watering. From the above, it is clear that it is necessary to design water
pumping stations with cepacities of 0.5 1/s end wind power stations to provide -
electricity for home needs. '

C. Technical means of trnncfoniu‘wind and solar energy

Worldwide, there is & grest deal of experience in using wind and solar
energy. Different arrangements and equipment were demonstrated in Mongolia
under project MON/75/006:

(a) NMobile electrical units for supplying yurts with minimal power
requirements;

(b) Stationary systems for providing electricity for home end some
technological needs;

(c) Instruments for measuring soler radistion and photovoltaic testing

equipment (23 types of photovoltaic equipment were provided at a cost of
$US 150,580);

(d) HMobile and stationary wind power stations with a charging arrange-
ment, which were made in Finland, France, Switzerland, the United Kingdom of
Great Britain and Northern Ireland and the Union of Soviet Socialist Republics;

(e) Active and passive solar systems for hesting dwellings.

As s result of the demnnstration, some recommendstions were worked out
for using solar and wind energy for tecknological and home needs. In sddition,
suggestions were made for the design and building of solar-heated houwses.

The next logical step in the development of Momgolia's natiomel technigues
is the design of egquipment and systems that corresposd to specific domestic
requirements. Pirst, however, it is necesssry to have s technologicel basis

(involving both scientific and design work) for prodecing emperimentel
prototypes and to introduce new concepts.

Some institutes sre slready considering sueh guestjons. They have
different types of repair shops and limited guantities of mechine tools and
personnel. There are also seme design groups, comsisting of five or six
people, who desiza projocts end preperc documentetion for ezmperimentel
prototypes. Equipment and raw materisl needs are met sccording to the budget
of the institute, as s rule. '

In this connection, activities wader project SI/NON/8$2/001 imclude tihe
following: : i .

(a) To sssist the SCST to streagthen its techwological bese relsted to
the design aad subsequent snslyeis of prototype swchewical end olectrosic
eguipment besed oa research work beisg carried out in Noagolis;
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(b) To essist the SCST to establish informetion systems to link all
accivities relezed to the design of prototypes with the Cextre for Scieamtific
and Technological Information;

¢{c) To assist im training local engineering personnel in the design of
ptotot'vpo sechanical and oloctmxc egquipment using wind and solar energy:;

T (d) To prepare a cuprcnenivc programme to strengthen national

eopﬂnhtiu with regard te :bc dc'}gn of prototype mechanical and electroxi.

' .q:nmnt.

TR
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. b{é citzvi us nf the ytojec.. nro c‘rrud out in accordme with the work

N ‘ph: {from1 Jul: 1983 ro 25 april 1964F as well &s the mtl: pmogramme for the
. sale petwd.A 1’» foawin; rmlts were. u’ifcvcd g

I

?> CeeTE s -[2'— : :,-.‘f s s.gl_u-.g;

. ‘thc tuhnlou of prodaeu; ﬂplu cons s wrked ou* bg the lasﬂtnte ot

Physics end ‘re:lmology (IPT) of the Scantific Actdeny fot unit cnptuuon of

0.2-0.5 ¢, which is wied to feet udiﬁot “VEF™ Sokol.. The: efficiedcy of the

© roler cells iy 6-7 pes ‘evat on. gmﬁnd mocryltnrsilicoa and 3-4 per éent on

" ground band silictom.. Solss’ ‘selds ste. prcdcco& ow sntiquated cqﬂp-ut st the

. & & hbonta-y of IPT. ’nntt' soler: colle. have: been- pzodaeul £ date \iuch are
_beias tutcd m SMth -Gabi- ud ot'nr snlo» o} llnisol’n

5.
‘in the ;rouud pto;ul-c, de tn}\;m that's?ér‘e worked. ont w&b ux& help
of the- lhlt.d lttxou, ‘takiig ‘into sleornt: ﬂyup}niuce nt the Sohc ‘Eaergy
‘Institute in the United: Stuies of Aparies, tie‘ yan Cantre. for:Soler -
Energy Investigation, snd methods developed Dy “ne Cownil Cor Mitwel Economic
~ Assistance. Ar imvestigatich has h;n clttied vout wdasim tocbnotbu for :
" producing soiar cellc with: tfﬁcintin of 11-12 m cent and also to dcn;n
technology for making ‘s contact botm 8 -copdector: - and solar :gwus. ‘The
__purpose-is to mplenent the: plan to yrmdc slcetrinfa for SuUCys using solar
eells, the ptoductmn of wlm'h arovidas t.hc mmm tcclunlosinl base.

'rho ﬁrtt logical stop was ta work crat the tachnice—ecoamc basis for a
factory to. _produce s solsr hotury of: 125 000 wnits with ¢ c:pac:ty of 6 W
esch. The angual capecity. is 250 kY. .The expcnmtura for. building such a
fectory is about 800,000 tughriks, snd 3835 000 for equipméni. The annual
cost of production will be :about S niniou tugbriks. . Techmical and economic
cslculations shou that the cost _of solar cells will be 481 tughriks per unit
(36 elemerts) on this buis “and the cost of ‘Y W of power will be 80 tughriks.
The cost of one module with t-aueiomr and Ene ent;in; regulator of the
sccumulator vili be from 777 to 3, 716 tughrits depending on unit capacity.

- The falling prices of raw meterisls, and improvemsnts in technology, will

- allow for reductions in the cost of solar cells, as chown in table 3. Project
“EDPA”, in the United States, expects to reduce the cost of soler cells in
three steps betwsen 1976 snd 2000 (tabls 3) . “The tochuology of producing
nol.r energy costs balf that in Ruropesn. eountriu.

The eronotaic effectiveness of 'l(il‘t' cells of type $B-250 is 30.54 tughriks
in s year, which was determined for ﬂm;olim conditions in order to demonstrate
the indexes. There are no other ulternative mobile sources with cspacities of
10 W to compete with photovoltsic cells, taking into consideration cost, relia-
‘bility stc. The requirements of svuries. khesexs and agricultural societies sre
evalueted st 47 MW of solar cell capacity. The totsl sgricultura requirement is
sbout 50 W of solar cells. The development of the above in this direction will
kelp solve one of the problams affecting Mongolie's economy end will help improve
the social condition of srats.

l'w_uum&

The IPT (Ichntiue Acedemy! has geined much experience in the design of
solar hesting systems. Some 10 »f of water soler collectors were produced
in one air collector. The hest accumulstor consisted of seversl saterisls.
In sddition, s solsr system working on & two-counter net was instelled
(figure II1). <This system has s dubbing stove, which msintains the level of
the output water tempersture whes the outside tempersture is very low as well
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Table 3. Indexes for the production of solar cells according to
project "EPDA™ from 1976 to 2000

Stage First, 1976-1985 Second, 1986-1995 Third, 1996-2000
Purpose Transition to large- Absolute producticn
scale production
Technology of Improvement of Introduction of aew Improvement of
production technology, technology, com- technological
pertial sutoms- plete automation, methods
tion, manu- manufacture,
facture corporation of
processes
Bfficiency of
cells (AMI, %) 12 14 16
(s/a?) 2 000 100-160 21-100
Cost of cells 20 0.8-5 <0.8
at beginning
($/7w)
($/m2) 100-600 21-100
at the end )
($/7v) 0.8-5 0.15-0.7 0.1-0.3
Total pro-
duction
square km power 3 460 500
power 300 50 000 80 000 annually
Cost
(millions of
dollars) 0.5-1.5 15 100 8-25

as using sclar radiation. An sccumulator smoothes the daily fluctustion of the
outside air temperature. The cost of producing a 1 mZ panel in the factory is
640 tughriks, including rew materisls. The cost of the panels is spread over six
to nine years. Annual economical effectiveness of solar heating panels is

5-8 tughriks per 1 =2, Specific capital input for fresh water is 146.7 tughriks
per 1 m3 and the cost of 1 m3 of fresh water is 4.5-13 tughriks. These dats
were obtained from tests on units in three zones of the country (south, middle,
north) and on the proving ground of the institute. The results of the test are
shown in the testing protocol. Analysis of energy consumption by rursl consumers
shows that 70-80 per cent is sccounted for by heating needs (water, dwellings,
cooking etc.). To provide this, the country would require 500,000 mZ of collec-
tors. However, s large capitsl input is not necessary to produce collectors;
production can be organized at eny plant that hes a tinwere shop. Installing snd
adjusting could be carried out by special establishments.

C. Wind power stetions

The 1lnstitute of Husbandry and the factory of MK have accumulated enough
experience to investigate and test wind power statiovas, which are ususlly used
to puap water for the output of electricity. Technical requirements for wind
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power statiocas were slaborated by reprosentatives of imstitutes sech as
pTototypes of the USSR station "CHAIEA™ ewd the Tinlend station “SRGUBAT™.
These prototypes wers producad in aschanicel worksheps. Prelimisery testing
of the wind power station gave good cesuits. Wore than four statioms will be
produced and installed for testiag in the regions characterizsd by differeat
wind and water resources.

The poor sciestific, tecimical amd Mgm. end the sbeence of high-
level astiomal steff will, hewewer, ctohte difficuities ia daveieping this Work
in Bomgolia in the futwre. 1Ia this commection, & proprullin to Beslsp wimd
powmetr spplications for solviig emergy-relatsd problaias @bt elwbbestal. This
was because the wind station reduces the driskisg tite of eds of sinep,
camels snd cattle by 1.5-2.0 hours, the produttivity of 1sheue iecreasss
2.9-9.7-fold and the savings in labour enpeaditurns is 200-700 ash-hisrs por
gear, in comparisom with traditionsl] setheds. Purtheliare, ssiag 1 ger ctat
wind energy reduces the smosat of feel reguired by the couitry by 100,000 tems.

The progteline €ortuoes the stresgthening (umm‘mnt-
existiag fectory through aa afiditieusl tﬁnt.t‘.iﬂm?&
total profuction volule of snih a Lactoty Will be Wt ion
tughriks, or, in terlis of predurtisn of ®iad stativhs, 1, wmits por
year. The cost of i“ﬂiﬂﬁuhmﬂ.ﬁbtﬁm ﬁ.m
becoes ecomemicelly effective at 400,000 tahtiks por year. The time required
to justify purchase of a wind stetion is 4.7 years. The total number of wind
power stations required is 10,000 per year.

D. tablish a _tec ic e

In ecommection with the above, the next ‘logical step is to create a
techaological base at SCST. The technical and economic basis for the project
is curreatly being worked ouwt by CIPRONII AN USSR. Total goverament imput
will be 35 million tughriks. If the United Nations fimances the delivery of
technological and other equipment for building the techmological base, there
will be a resl possibility to raise living stendards, especially those of the
rural populstiona.

E. Technica] documentstijon for experimer .. prototypes

The technical documentstion for experimental prototypes of solar cells,
solar heating equipment and water pumping and wind power stations is generslly
prepsred by the scientific staff iavolved in resesrch on the prototypes.
Rowever, the scientific staff cannot produce the full volume of techmical docu-
mentation necessary for production under factory conditions and for testing,
given all the various characteristics of the prototypes. At present, technical
requirements have been worked out for water pumping and wind power stations and
for solar heating equipment, and tecinical documentstion is aveilable for wind
power stations snd solar heating equipment. Project documentstion has also
been prepared for soler houses and greenhouses. At the same time, it should
be noted that meny technical terms, including those used in plans for producing
non-standard eguipment, as well as project documentation for wind power stations
and patent formulas, have not yet been worked out. Noreover, technical documen-
tation designed by less then firmly-estsblished orgenizations cannot be taken
into consideration in meking finencial decisions regarding the project. In this
connection, it is necessary to create experimentsal design buresus at the techao-
logical bese in order to accelerate institute output end to suggest rationslizs-
tions. These bureaux must heve the right to issue techaical documesntstion for
experimental prototypes and to design techaical projects thet will relate the
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equipment produced to domestic ceaditions. This would sccelefate the
iatroduction of experimeatal waits ianto the ceuwstry's econchy aad slso the
production of techaical docuiintetioa for specific projects.

r. tus of techno £ i

The IPT (Scieatific Acedemy) hes a testing ares om its territory for
leboratory iavestigations, uhete ekporimmatal pretotypes of solar boating
systems with fresh water acculmistors sre cutrresntly Seisg tested. 7Testing of
solar cells is being dows in Best Cobi's aimmk, Thenikhomgor semom of the Sowth
Cobi eimek wnder field comditions. The Iastitute of Bavhandry has two testing
areas iz Ulan Bator, swhere ¢ wind pewer statioa is curreatly being tested.

Ihe testing of the station prodeced by the IR is beling carried owt at the
proviag grownd in Baysnieiger sslne of Contril siuk, unler field cemditioas.
The proviag grownd is iuuiuﬁstotmmmtmﬂutimui is
squipped with stationaty coutrel wpparetus £0r Gwadering genersl character-
istic:ulmaiﬂuem Toers is ofie sjparetss, ifported
from other countries, fob Gsasuting wind spesl, tahipetitste ob air Mumidity.
A priateut systen tocStls wolulie of curreut, tensioh ott. Wswever, there is
mwmgnm*muﬁtmptmﬁm
working of ssperimsital whits ectohbdisg to techhicsl Teguitelmats. Proper
testing fothols feguire that phototypes be tested wnler field comditions, whea
the prototypes have & full load from the techmological subject.

The programme for the techaological base anticipates the establishment of
three wind proving groumds: ia Ulan Bator, Khankhomgor somoan of South Cobi
aimak and Darkhan somoa of Khentii aimek. The cost of the proving grounds will
be 1.5 million tughriks for coastruction and 0.8 million for equipment. 1t is
also envisicned buildiag a heliocomplex such as a scientific and producing
centre for testing hesting systems using solar energy. 7The expected input is
10.88 million tughriks, inclwding 7.66 million for equipment snd 3.32 million
for building. It is necessary to determine what form of organization this
centre will have in terms of installation . and the adjusting and mastering of
prototypes. It will also be mecessary to supply appropriaste steff.

On this basis, solutions can be found for using s combination of wind,
solar energy, water and electricity. Recommendations can also be made for a
rationally introduced, non-conventional system into Mongolia’'s economy.

G. Ordering equipment

The requisition forms for egquipment supply were sent to the UNIDO,
Purchase and Contract Service in June 1983 and February 1984.

A complete set of equipment was ordered for meassuring and analysing wind
energy resources as follows: wind logger; anemometer with magnetic reed
switch; charging station for accumulators; “essy-erect” anemometer tower;
metal lockable vandal-resistant box; hand and stationary anemometers; and s
wind meter. The totsl cost of the order was $US 34,311. The equipment was
necessary to carry out investigations of wind energy and to test the working
of wind power stations. In s second order, the following were ordered:
oscilloscope; optic end lighting equipment for testing solsr cells; gquartz
pipes; leminer flow benches; and diffusion gas control systems. The totsl
cost of the equipment was $US 26,319. This equipment was used to carry out
some operstions in the production end testing of solar cells. Nessuring
oguipment was ordered to provide the basis for the Iastitute to test
exzperimentsl prototypes.
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In Barch 1984, project management software was received for the project.
At the same timy @ notification was received that the sasmometric tower hed
beea shipped.

H. Litersture wsed

During the isplemmatation of the project, the follewing litersture was
used: UNIBD techhichl report on the uwde of soler emergy in Afghanistan; United
States project decuiant for golar cells; and & report oa the wse of iolar
energy end the develophamt of solar and wind smergy prototypes ia Egypt, which
was received in April 1908.
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III. ACHIEVEMENT OF IMSEDIAIE OBJECTIVES

As s result of the activities of the project, the followiag immediste
ocbjectives have been schieved or are realizable.

A. Establishment of new methods of designing and testing prototypes -

1. New methods of designing solar cells with efficiencies of 10-11 per cemt
will be reslized after some of the technological equipmeat required to fulfil
certain operations im the production of solar cells has been purchased. WNew
methods of concentration give am opportmmity to get electric power that costs
$US 10 per watt. For increassing the effectiveness of big power systems, a new
method exists using lenses from Fremelja, Czechoslovakia, or the orieantal
system, "Sofia”, from France. Systems with conceatrators will be more than
3-6 times as effective as present systems. The testing methods foresee a new
position beceuse of the introductioa of mew systems f photovoltaic
transformers.

2. Solar heating systems are evaluated through & new approach to the
investigation of solar emergy sowrces (solar collectors). The perticipation
of conswmers of heatiang emergy is ealisted to determine traasitionsl patteras
in heating sources as well as for the purpose of designiag control systems.
Bew methods of producing solar collectors will be realized with the help of &
new technological industry. Ome of the new methods of Cesigning heating
systems is a rational combinstion of this system with other treaditionmsal or

non-traditional emergy sources and the wide introduction of heatiag sccumm-
lation systems.

3. An innovation in designing ard testing wind power stations was the
mastering of methods to carry out theoretical and experimental investigations
of the ever-changing patterns of wind power. Due to these ever-chaaging

patterns, systems must be designed for controlling the rotation speed of the
wind rotor.

B. ZIraining national personnel to carry out analyses of
energy resources snd design prototypes

1. 7Training netional personnel to carry out inslyses of energy resosrces will
be undertaken on the basis of the experience scquired sbrosd. The main

requirements for an anclysis of emergy resources, as foreseen in the training
programmes, include the following:

(a) BExperience in designing wind and solar energy devices in specific
parts of the country;

(b) Selection end evaluation of the range of egquipment used;

(c) PFirst-hend scquaintance with methods of investigating end testing
energy harnessing devices;

(d) Study of economic effectiveness of various mesans of applying energy
Tesources.

2. Weeans of feeding the design end test results of prototypes isto computer
systems will be determined after the mission of the isdustrisl informstion
egpert.
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3. A general systea for imtroducing sew owtpst iato prodectiom will be worked
out at the end of the project. At preseat, amalyses of the Iastitute's
existing output are being carried out inm readiness for preparation of the
technological base regquired to reslize the mew owtputs. An anslysis of the
technical documentation requivements for exzperimeatal prototypes is ‘also
currently being carried out, as well as sm amalysis of the primciples for
organizing introductions of the 32w ocutpmt throughout the country.




- 20 -

IV. UTILIZATION OF PROJECT RESULTS

1. The elaborstioa of trainiag progremmes for nationals is the key 0 gaining
experience in designing, producing and testing natiomal prototypes of
experimental wind power stations, soler cells and solar heating systems.
Horeover, tke orgeniziag principles of the training progremmes will be useful

in designing the first experimentsl units and them in preparing the techmical
docwmasntation.

2. Recommendatioas for evaluating transitional processes during the
investigatioa of solar heating systems end wind Power stations are being
elaborated by experts from IPT and the Institute of Husbandry. at the seme
time, training programmes in equipment design are being uandertaken together
with training programmes in microprocessor techaiques.

3. The project has served es s basis for organizing the productioa and testing
of erperimeatal solar heating systems, solar cells and wind power ststions.

4. The analysis of the status of the technological base helped determine the
second phase of the project, which was to costinme the activities described
above and to orgamize the more expeditious introduction of scientific outputs
into the economy.
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V. FINDINGS

1. The smount of natural resources is not sufficient to satisfy domestic meeds
for energy.

2. Amalysis of wind and solar emergy resources shows that there are rich
reserves of non-traditional emergy resources im Mongolia. Levels of solar
radiation sre high, but sherp fluctustioas in temperature and wiad velocity,
snd the presence of permafrost create difficulties in the rational usage of
energy resources in the economy.

3. Amalysis of possibilities for using son-traditional sources shows that
there are some cases where it would be advantageous tc use means of trans-
foraing sclar end wind energy for pumpiag water, heating and electricity.
Attempts are also being mede to prepere technical docwmentation for nationsl
prototypes and to produce experimenta: solar cells, solar hesting systems and
wind power statioms.

&. Anslysis of the technological base showed that the factory for prodecing
experimental wind power statioms, solar cells and solar heating systems had

limited possibilities for producing equipment through lack of technological

equipment, raw materisls snd manpower.

S. Preliminary testing results from experimental prototypes showed that they
could work. The shortcomings of wind power and solsr heating systems were
also teken into consideration.






