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llongolia is a moantaiaoas coant17 wit.la an area of 1.566.500 m2 aad a 

popalatioa of 1.615.•00. Tbere are fCMlr utaral cli-tic zoaes: forest 
steppe. st•ppe • .,.ntaia aad tbe Gobi deHrt. 

ne stnctare of tile cross Htpat of tlae ecOllGIQ. ia perceatage term. is 
as follows: indastry. •O; agrlcaltare. 20; coastnctioa. 10; aad trusport 
and c~ications. 10. Baterial npplJ. trade aad ~tat• ,.rc•u•• ..a •P 
the rest of the oatpgt. 'Ila• dlstrllNtioa of tlae .,rt:-force ia th -l• 
sectors of tlle ecoa-r is u foll.,..: iad9st17 aad coastnctioa. 21.5 per 
cent; agric•lt•re ud forest17. •o.• par cut. 'Ila• ~lader is spread 
..,ngst otlaer fields of tlae ecoa-r. 'Ibis bi&la proportioa of tlae .,rk-force 
occapied la asricaltare .S..0.strat•• tlae large ..... t of -.aal l..._r tlaat is 
asaallJ nHJ•ired in that sector. llecbaalcal •an•. ••ell as -11 -cilia•• ud 
fael-drina .. •ii-eat. are scarce. llollenr. tlae •tstoQ of fterQ deftl..-.at 
is coaaected with tlae •t-:~=rJ' of la-.a denloa-eat ud -c• attntioa is being 
paid to tlae ••ru probl• of tlae denlopias coaatrl•• at tlae latenatioaal 
lenl. 'Ibis ls plain fr. tlae decision• of tlae U.ited ••tioas CODfereaee oa 
bnevable Eaeru SotlrcH laeld at ••lrobl la .lllpst 1911. 

A allllber of iastitates ~t tile Sciesetific Acad-.r of llDBgolta•s Iastitate 
of PbJsics aad TeclanoloU <Dr> - the Bialst17 of Water lcoacm.r < .. >. tla• 
Biaist17 of .lgricaltaral lcoa-r (llU) ad tile Biaist17 of hel aad nectric 
llldast17 (llPII) - ll&Ye be&• to CUTJ Ht scintific iansti&atiou iato 
de•i&aing different ..claaalcal ..... for all braaclaes of tlae ecoacm.r. 
Eagiaeeriag for tlae agricaltaral sector is tlae most preHing Deed. ..ell 
scieatific aad desisa .,rt; is therefore beia& done on tbe ••• of viad and solar 
enersr la agricaltare. llollgolia•s cli .. tic coadition• are 110re faYOarable for 

. ••las tla••• trpes of eaeru tlaaa tlao•• of other deYeloplng coaatries. llollenr, 
there is no wiall-etaipped tecbaological base for tile aec•••917 nersr-related 
ngiaeering. lloreoYer. tllen are au wiall-et•ipped iastit•t•• or prcwiag 
groaads for tbe preparation of the aec•••917 tecbaical doc .... tatioa or tile 
testlag of e:speri ... tal prototrpes. 

la tbls report, an att..,t is -4• to s-.rlu t.be esperlnce gained 
tlaroap wort carried oat preYloaslJ, asiag iapats fr. t.lle GoYe~Dt and tile 
United •atioas, and t.o present some prellaiaa17 recGllllelUlatioaa. 
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1. To organize tbe training of llDngolian fellows abroad. according to 
progr .... s elaborated to this ead. 

2. To s•ppl:r. as soon u poHible .... i,..at for tile partial proaction of 
solar cells and for improYing tlae tastiag of vlad .-r stations aad solar 
laeatiag •:rstw. 

3. To wrk •t a progr .... ad •tllod of recording tile enr-claaaging 
characteristic• of •olar ,.....r aad vied eaer~. la order to desiga appropriate 
coatrol •:rst-. 

•· To find a poHibilit:r for tbe State c-lttee for ~ci•c• ad Teellnolog:r 
<SCST> to establisb aa esperimatal de•lga .. tt for desigalng camplete 
teebaical doc sratatioa for •olar laeatlag sptw. •"lar cell• aad vlad 
powr statloas aad. at tile s- u... to soln tile orgaalutloul probl­
of diss..tnatiag, to lnn•tr:r. th tee•lcal donm1atatloa -.ting froa 
eaperimatal, pilot and _..factvlag operatloas. 

5. To fiad a wa:r of flaaaclng botla th project aad tile coastnctioa of a 
teelanological base for proacing ezpert..atal prototJP9• bu" oa research 
wrk. 

6. To orgaalze high-le.el aad prof•••ioaal tralalag of natloaal persoaael for 
agric•ltaral eaerg:r ser.ices. 

7. To find a war of organizing aa agricalt•ral eaerg:r •er.ice for la•talling 
and .. i~taiaing •••r&J aad eleetrleal ... 1,..nt. 

I. To flad a wa:r of establlsbiag a sabcllYistoa for tasting ezpert .. atal 
protot:rpes oa a teclanologtcal basis. 
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I. U.ca:ROUllD 

A. Traditioaal WRY ••re•• 
coal. coal is a -ia ... ru soarc• for llollgolia"• iad1a•trr. It is ••ed 

for tbe"Ceatral State power srst ... wllicb ••ppli•• •l•ctricitJ for plants. 
factori••. tb• coal aad other aiaiq lada•trl••. and major agrlc•U•ral 
coa .... rs <poaltrr. cattle aad pig farms. greealaoa•••>. It i• also a 
f•a-tal ao•rc• of taeatiac for dllelliags la ••t tolnl•. Yillages aad nral 
reglo••· bllaal coal CM1tpat is abCMlt 4.376 alllloa toas. ltlectrlcitJ ,_.r 
statioas coa•- 42 per ceat of tills CM1t1M1t aad agric•lt•re 5.2 per cut. Tb• 
eapacltJ of tile electric power statloas is 430.000 tv. tb• .... ai prod1actioa 
of electriclt~ beiag 1 0 634.7 aillioa tllla. ft• co•t of electricltr for 
._lliag ..... ls 0.35 tagbrlu per IMl. ft• cutral electricitJ power •r•t .. 
conn 12 per c•t of tb• comatrr. wllen 35 per ceat of tbe popalat.ioa an 
coacutrated. ften are •- "-•tic Jaaat po119r statloaa le. Claolkl•aa 
(24 •>. ta Baran-uJ.cil at.at (9 •> ud ia Dzabtlaaa at.ak <2 •>. aaral 
coa..-.u. wlllcla laan a .... ltJ load of 1-1.5 ltV per w. a.:cCM1Dt for 
70 per ceat of total electrlcitJ ost~·t. ft• ._sitJ of tile electric load 
ls 0.03-0.2 ltV per -2. It is tit•• aec•••arr to denlop tile npplJ of 
electricltJ' bJ muiaizlag tbe ••• of 4-•tlc ... ru resoarc ... 

fil. scme 94 per t;ftt of tbe agrlcaltaral •ector i• proYlded vitb 
electricitJ froa diesel powered •tatloas vitla capacities of 26.900 kV 
(IOO nits>. Tbe aaaaal electrlcitJ 011tpat ls 31.2 aillioa Wll. at a cost 
of 0.6-1.5 tagbriu per ltllb for dle••l ,...red statioas and 1.3-2.5 tagbrllts 
per ltYb for: petrol- powered atatioas. .&boat 50.000 toa• of f••l ••t be 
imported for tb••• parpo•••· bee•••• lloagolta•s owa oil n••rY•• baYe ao 
iadastrlal sigaificaace. 

Wood tpd -aan. Wood aad -•n are ased for cootiag and beating. ft• 
..... 1 coasaaptioa of -•r• is •r• tlaaa 300,000 tons. 

Aaalrs .. of r• .. rY•• of traditioaal nergr aoarces sbow tbat it is 
aece•••rJ to design ... 11 srsteas tbat wort off tbese reserYes to sapplJ tbe 
nergr aeeded to beat dwlliags, breeding farm aad water, and to coapl-•t 
tb•s• •r•t ... vitb solar •r•teas aad water ...,lag stations. 

1. C1i•t• aad acti1!9Mtn 

1. Air l"?'t!ta£! 

llollgolia's cli-te caa boast 250 ••••J (aad 9-23 cloadJ) days la a rear. 
Tb• period la wbicb t..,.ratares ere aboYe o •c lasts eboat 170-19'.· dar•. 
iacreasiag ia tbe soatb aad soatb-e&st to 20~215 dafs. Rigbest t9111*r1tares 
are recorded ia JalJ, YUJi•s froa 12 to 20 •c, aad up to 2~ •c ia tbe 1oatb. 
Tb• l09Nat t..,.ratares reacb -15 •c ta Jaaaarr la tbe aidcll• region aad 
-25 •c i• tlae aortll. 1'be u.,et'atare caa fall to -50 •c, bOWYer. Tb• Dmibei" 

of boars wb .. tbe air t..,.ratare ts -20 •c t1 5'>0-1,500 ia tbe soatb aad 
soatla-eut, bat 1,500-2,500 la tbe aort.b. 'f..,.ratares of -30 •care reacbed 
for 50-100 laoar1 a J•ar ta tbe soatb ad for 1,:)00-2,000 lloars ta tbe aortb. 
n. beatias .... OD le.st• for 210-260 daJ• eYHJ rear, depndiag OD tlae region. 
?be absolate alat ... groaad t1 .. erat•re r••cbe• -52--5• •c aacl tbe absolute ••Ima reacbe• 67-69 •c.. !lier• t1 ,.,..frost ta •- re~toas of tbe co.atrr. 
n. ••imla pencfro•t ~1-1.2 •> occar• la rebnarJ-llarcla alld tbe atat ... ta 
~-October. n. reladn air natditJ "•riH fr• 55 to 65 per cnt 
arias "• fear• !be -.at of precipitatioa Ya&'iel witb tbe l•HOB. ... 
1-10 per cnt occar1 dartq t ... cold 1euoa1, aad 65-78 per cnt a.-tag tw to 
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t'ree moatbs of tile s .... r. Tia• lowest 1m11M1at of precipitatioa occ•rs ia 
Jaeaar, aad tile highest ia J•lJ. ADll•al precipitatioa is 100-300 ... 

2. Solar •••ru 

Tlaere are 2,700-3,300 bo•r• of HD ~-•allJ <•re tllaa ia Pruce, a 
leadiag coaatr, ia tile ••• of solar eaergt'). Tlaere ar3 aenr •re tll•• two 
cloadJ ••rs ia .. ccessioa, samatlliag rare~J obserwed •l•llllb•r• oa tbe plaaet. 
ftese coaditioas are ca•sed bJ lloagolia's altitade abon sea lenl; tile coalllrJ 
reeeins a laigla lenl of botb direct ad iadirec:t solar radiatioa. Alaa•ai' 
solar radiation for tbe vbole of llongolia is 1.3 z lolS 111 0£ 2.3 z 101~ tub. 
fth •••rcJ ii a trillioa ti-• •re tllaa tile elec:tric:itJ guerated bJ all of 
llDagolia'• electric po119r stations aad 230 t1-• •re tlaaa tile elec:tricitJ oat­
pat of all tile electric poiMr statioas ia tile wrld. 'Ibis abandaace of stable, 
ecologicallJ ~lean, solar •••res ia llDagolia bas practical possibilities of 
beiag traasformed also iato otller tJPe• of ... rcJ. 
3. Vind eaeru 

ADJ eYalaatioa of tb• poteatial of wiad eaergJ ... t take iato coasidera­
tioa tile pec:aliarlti•• of vlad speed aad tlae Yariattons in air fiow, ranging 
from fall c&la to stona cODdi tioa•. Abo11t 450,000 m2 (21. 7 per' cut> of 
llDagolia bH an maal wind speed of 4 91• aad aboft; 100,000-310,000 m2 
(24.4 per ceat> bas a speed of 3_. a/s. ft• rec:arreace of diffeNDt wiacl 
speeds is a geaeral cbuacterhtic of wind eaersr -a••r-nt at Yarioas wind 
po1Nr stations. Obsenation of this recarruce ner UDJ rears is .-... in 
f igare I. fte approzimate aamber of operational boars is sbGllD in table 1. 
ft• r-.aired vlad speed ii eYalaated ia figare II. '?be anaaal vlad energJ 
potnttal of tbe coantrr is 136.8 •Ulloa lcll, asiag 4,500-5,000 boars per 
rear. AD oatpat of 1,129.7 ailllon tvll of electricitJ can be acbieYed asiag a 
viad nergJ coefficient of 30 per cnt. It ii poHlble to get 90.4-112.9 
ailliard tvll asiag 8-10 per cnt of tbe potential wind ener&J resoarces. Tia• 
posslbilltJ of wind •••r&J -a••r .... at predetenaines tbe design of wind pow9r 
stations for electrlcitJ oatpat. Sacb stations coald proYide a Yital iapat to 
lloagoli•'• eCODClllJ. 

Table 1. ADnal poHible wrtiag boars of vlad powr 
stations la tbe desert aad selli-desert zones of llongolia 

ADnaal wind 
speed, .1Daoa1l 1!2Hil!l• W[l§iag boars 

.. teorological ~one V Cws> 3.6 3.5 4.0 

.. ndalgobi 5.41 6 333 5 '33 s 334 

Dalanzadgad 4.19 5 579 4 913 4 388 

laantand 5.05 6 l.32 5 597 5 063 

Aaaaal total 4.9 6 OU 5 137 4 928 

I!! •J!!ed 
4.5 

4 878 

3 880 

4 590 

• 456 
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Fig.re II. Vlad speed of viad statioas. lacltldiag speed at the 
statioa for desert aad s .. i-desert zoaes of lloagolla 

f, 
1-0 

,0 
ro 
,,, 

/' , 

30 
,, 

./ ,, , 

z.o ,/ , 

·~- ' I 0 

J J s 1-
•peed of wind •I• 

•. Vater resources 

Water for pastures. aai .. ls and home needs is proYidecl from different 
tJPes of Mills (table 2). It is possible to ase water from rivers oalJ in 

· •-r. because all riYers are frozen in winter. 

Table 2. Dtstribatioa of Mills etc. ta lloagolia 

r,,. lfa8ber Percentage of total 

Spriag1 2 100 5.• 
Pit wlls 13 105 35.1 
Draw wll1 10 615 27.• 
Bore wll1 I 700 22.5 
Poad1 1 195 3.1 
HJdraultc reserYoir1 1 930 --L2 

total 31 665 100.0 

tbere are 3•,•oo asrtcaltaral 1aarle1 < ... 11 ••its coaststl•& of one or two 
f .. tlles tb&t llYe la ,.rts> la tb• coaatr,, wbere 1•~.000 of tb• popalatloa 
wrt. IYerr •••rr U.p• soo-1,000 •beep nd ao•t• or 150-200 cow, laor••• and 
c-11. 

tlaere ue mDr• tbaa 20,000 •11• tlaat could ••• wllld JN*W. n. oatpat of 
••t ii 0.5 111. It ii partlcalarlJ MC•HU'J' to t.U tato account tbe 
cOllblaatloa of botb tb• pt'odactlYltJ of ,..,1a1 ... 1,...t aad tbe oatpat of 
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tbe wells. llec:bani&ed pmpiag of water fraa 1Mll1 is lffn ODlJ irng•larlJ in 
tb• co•ntrJ. Banual labo•r acco•nts for 70 per cent in tb• Gobi zon•. 10 per 
cent in tbe forest steppe zone and 56 per cent in tbe steppe &one. Kost wells 
are frozen in tbe cold season and are tb•s not .. itable for proYiding water 
for people or .. i .. ls. As sbaep annuallJ lose 3_. tg in tMigbt aad 1-l.2 tg 
in wool becaase of tb• lack of water. it would be possible to increase aaaaal 
oatput br ia.000-20.000 tons of .. at and 6.000-1.000 tons of wool bJ good · · 
watering. Praa tbe abon. it is clear that it h nec .. sarr to desiga water 
pa11ping statioas vitb capacities of 0.5 l/s and wind po119r •tatioas to proyide · 
electricitJ for bcme aeed•. · 

c. 'lecbnical -aas of traasforaing viad and solar eaerg 

Worldwide, there is • great deal of ezperieace in •sing wind ad solar 
energr. Different arraag ... nts and ... i,..at were demonstrated in lloagolia 
under project llDll/75/006: 

(a) llobile electrical anits for 1uppl7iag rarts vitb aiai .. 1 power 
retiuir-nts; 

(b) Stationarr srst ... for proYiding electricitJ for heme aad scme 
tecbaological aeeds; 

(c) Inst~nts for -•••ring salar radiation and pbotoYoltaic testing 
etiaipment (23 tJPeS of pbotoYoltaic equi,..nt .. re proyided at a cost of 
$US 150.580); 

(d) llobile and stationarr wind potNr stations vitb a charging arraage­
-nt, wbicb were .. de in Pialand, Prance, SWitzerlaad, tbe United lingd• of 
Creat Britain aad •ortbern Ireland and tbe U.ioa of SOYiet SOcialist Republics; 

<e> ActiYe and passiYe sol•r srst ... for beating dwellings. 

As a result of tb• de11DDstratioa, SOiie rec01111endations .. re worked o.t 
for using solar and wind energJ for tecLnological and bOlle .aeeds. 1-a _...itioa, 
suggestions were llade for tbe design and building of solar-lteated llOll8••· 

tbe nest logical step ia tbe deYelo,..nt of llDllgolia's aa~ioacl tecbaitp191 
is tbe design of eti•i,..nt and s1ste11s tbat correspolld to ..-cif ie ,.au.tic 
retiuir-nt1. First, bOWYer, it is aec .. •8r7 to llaYe a tecllaolasieel buts 
(iDYolYiag botb scientific and desiga ..,rt> for prodllcias ...-rt11911tel 
prototJPes and to introduce AMI coacept.s. 

Same instit~tes are alreadJ coasicteria1 111Cb .. e1tjons. Tllep 119Ye 
different t1pe1 of repair slaops aad lillitecl .... titi•• of ... ~tae tools a..t 
per1onn•l. ftere are ai.o .- delip sroaps, e011sisti111 of fin or Its 
people, wbo d•sip projctcts ad ,r...-o ctoc-tatioa for npw'-U-1 
prototnes. 1tat11119at and raw •tni•l a..- .. mt eccOl'dt. .. to tile "41S•t 
of tbe iastltate, •• a rai.. 

la tbt.1 coaaection, actlYrti•• ..._project l'f/.Wl2/001 i•l ... t .. 
followla1: 

Ca> To usht tbe ICl'f to •t•-stllea it• teslalolotleal .._••lated to 
tlle dest.p ad ••bHt ... t aalr-'• of ,sout,,. aellmtnl _. ei.tnne 
•l,...t NsM n rHe••~ .n INt... eant.• on ta .... Ua; 
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(b) To •••i•t t•• SCST t.o establi•• iaformatioa ·~t ... to lialt all 
ac~iviti•• rel•~•d to the design of prototJPe• vi.t.ll the c._t~ for Scientific 
and Technological Ioformation; 

-(c) ro assist in training local enginHring persouel in tu· deaign of 
protot"tpe .. cbanical and electroaic eql!i,..nt asing wind and aolar •••~; 

, <en To prepare a cumpren••!Q- progr- to atnngt.Jaea national 
capabilities vi tb ~gard t~ tb_~ ~\ .. of prototne .. cbanical aacl electro1&i.: 
eqai,..nt. 
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~-- ae.urt~i•~-if -file projec~ .a·r• .••ri-i~ on in accordallce vitla tbe wort 

plas ((na ·1 _Jliif ~'~ ~- 2i april 19"tl af" ~1.~ .. tlae -~t: Y-Ocr-- for tbe 
.. .- period<_..._._. .fo\''loillag r~lu .-r.-~ae'i(..,ed~. · ._ 

,.,,,,--. . - - . .. .- -· ~ -.-,. .. - . _. --~ . 

. -
A. ~Solu c•lit 

·_:the _t~'-~lop .~f ~prOJl~~iat #iu: c•-l:l~~-- -~ ~t taj th Iitr;dtute of~­
PlaJsi_cs and ~iillolelJ (tri» of-_t~~- ~ieatifie- Ae&d911i:.fl)l'_ "ait 'c:.-~cii~·i~f 
0.2-0.5 ~~ aicli iill'.rie4' to t.e. ratWet "'Vlr so'b1:. 1:1N- effici"8c:r of tile 
rolu·~•ll• ·ii-_'~7 ·:p.~:t:•t -~-groliild --~rJ'•tat:-~i1~~- WI 3-.:..t 9'r Uitt ·o. 
croud .ba1i4 silicon.: Jol., :~11·· ---"'°~---: aatl .. •#•-..-J~at at--.µ._ .. 
µ_:labo~(~ of lP'.i· •. -ftirt.:. IOlai-:· c_ell5';~~~-----:~Ced':b-dale:.;1Jtic1( Ue 
taei-11' tested J.a. so~tll -~lti · ~ ~ot~er ,.~ 9} ~l~•· '.~- ~limur?: 'test.-; 

~ are -~iac -~arried ·o.t. •t- t-,)~nuiti.\•-4~f?~a.~i ~·-. .&i~~ .. s :tlae ""· 
ia tlte gre>ftei prog~~.-:.&J Iii~)&~- ~t=:~:"*~n~~~ltl tlle he?.p:: 
of the-·UaiWd -•-tiOD~s takhi-:Ja_~o «~M:iat:~~~·~nce,~f ~- ~lar &a•ru.­
-xa~titute- ia th_e-)Jatted:~•t••(o~ ~~-·-;~~,-•~'~- t;=:a~•'.J~;s_olar-= 
&r.ergr_Iaw.stigiat'ioa. :-' ~Jaoi,s :~lOtM::..it7, .• ~-~iJ. \Tor ~~-Ecna.ic 
&uistaace. Alt ilffttltigatiu~ .us .,__ ~l•:'<>•t. t0<:'41Jsip:: t~:\Og:r f«>r 
proda~:illg so:1ar c'llc Vi~- •ff.icin~~f-of u..;~,~ ~~t'urfalso.~_t~ design_ 
tecbnol~ fOf' llak-\ng ·a, coatact be~ a -:c~to~;~~ •o1ar *911•... 'lh• . , 
parposg, iii to i11Pl-8t _tu· plan<u -~a.-· &l.eCctriZ:i~:j. fo~ 1"11rp ti•ing solar 
cells; the proQacti0n of ni~h~~ri'8a-tlle ~au..ry f;e..-Ml~ir.al base. 

• • ~ • .~ : • • • "-•" ~ • • .".: .r • 

-
tb• first logical :step • b :~tk ~t-- Uae t.tcbaieO:-ec~aai~ ba•is for a 

faeti>rf. t.o produce a soiai: hat-~r7-of-: iiS:·.000 liaft:s with -._ capaci.tr of 6 v 
eacla. - n.· aasaal ~--uit,. i• -uo ~· ~~ ·~it•r.t. for. bailding sucb • 
fact:ot"J h abOwt aoo.ooo tagbrits. ilnd $8~4.000 :ff»r ia4i•i..-t_. tbe annual 
cost. of prod1aetioa vi1r be:Jbovt~ 5 tii1lioa tagbl'its. Te~haical aad econa11ic 
calculations s'low t2aat tl&e cost,of :wiar c~s Vill lie 481-.tugllrits P.r unit 
(36 el...,Rts) OD tbis ksis--nd-t_H cn·t of~i'lt·C)f-pcwr will H 10 tugbrits. 
?'It() cost of one. module ~'tll t~aa8focme~- .PCI :.t}le eta•rgiag regulator of the 
accU11Ulator vtil be tra11 111 to 3,716 tugbrik.~ dejeadiag on aait capacitJ. 

- !be falliag prices of riMf eat•rl.al:l. aDct ,_tmproY-..nts in ,tecbaologr, will 
allow for Ndact~on5 ·-ia tla• cost of solar ,ee:i.is. as shOllD b1 table 3. Project 
"IDFA". ia tile United Stat••• e~tt t0:-r•$aee tb• cost of solar cells in 
three 1tep1 t;.etweD 1976 f'lld 2000 (~b1c·3~ .;· tbe technolog:r of producing 
oolar- energr costs half tbat iD Saropeaa _ c01JatrJes. · 

Th• eeoacxaic •ffectiY•Des1 of •~lar cells of t.:rpe SB-250 is 30.5• tughrits 
ia a rear, wbicb was dttteraiaed for.Boagolian conditions ia order to d..on1trate 
th• iDdeses. Thel"e are Do other ·alternative •bile sourcH vtth capacitiH of 
10 V to coapete-with _pbotoYoltaic cells, tatiag iDto consideration cost, relia­
bilitJ •tc. !he -requir ... nt• of 1ua~ie1. Ida•••!• and agricultural societies are 
evalu&t6d at.•7 Jli of iolar ceil capacitJ. tbe total agriculture r .. uir ... nt i1 
about SO till of sole cell.ts. !be dnelopment of tbe aboYe in this direction vUl 
kelp •olTe one of tbe problJlll affecttag lloDgolia's ecoaoar and trill belp iapl"ove 
tbe sccial coadttioa of arats. 

I. lolg beftipg npiwpt 

ne IPT -Clctntific Ac...,? bas 1ataed mcb espertnce ta tbe destp of 
solar beatiag •rst.,. sow 10 a'l of wter solar collectn1 wre produced 
ta oae air collector. ne laeat acc-lator cosa1tstec1 of 1neral •t•ri•l•. 
la add!.Uoa, a solar •J•t. wrttag OD a tllD-Cotlater llK •• ia1talled 
Cft1•r• JIU. !bit •r•tem bu • nbbt111 •toY•, wtcb •iatata• tlle lnel of 
t.u ntpat water t..,.ratare wbn t ... owt1icle t1 .. wata&'e ts Ye&'J low H wll 
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Table 3. IndeKes for tile prodactloa of •olar cells according to 
project "EPD&• fraa 1976 to 2000 

Stage First. 1976-1915 Secoad. 1986-1995 ftird. 1996-2000 

Parpose Trusltloa to large- .lbsolate prochactl~ 
scale prodactloa 

TecbaoloSJ of Impro..-at of Iatrod9ctloa of ..., Imprn1•1at of 
production teclmolDgJ. taelmolDgJ. c-- teclmological 

partial aatc.a- plete aatc.atloa. •tl!od• 
tloa, -•- -•factare, 
f actare corporatloa of 

proce•••• 

Efflcieacr of 
cells CAllI, ~> 12 14 16 

(1/a2) 2 000 100-160 21-100 

Coit of cells 20 0.1-5 <0.1 
at beginaiag 

($/V) 

<Sta2> loo-600 21-100 
at tbe nd 

($/V) 0.8-5 0.15-0.7 0.1-0.3 

Total pro-
action 

1qaare ta P0W9r 3 460 500 
P0W9r 300 50 000 80 000 aanaallr 

Colt 
(aillioa1 of 
dollars) O.S-1.5 15 100 1-25 

a1 using 1Glar radiation. AD accuaulator 111DOtbe1 tbe dailJ fluctuation of tbe 
oat1id• air te11perature. Tb• cost of producing a 1 a2 panel in tbe factorr i1 
640 tugbriit., inclading raw .. terials. Tb• cost of tb• panels i1 spread o••r 1is 
to nine r•ar1. Annual econoaical effecti••n••• of solar beating panel• i• 
5-8 tugbriit. per 1 a2. Specific capital input for fresb water i1 146.7 tugbrit1 
per 1 "'3 and tbe cost of 1 al of fresb water i1 4.5-13 tu1brits. Tb••• data 
were obtained froa tests on unit• ta tbr•• zones of tbe coantrr <soutb, aiddle, 
aortb) and oa tbe prnia1 1rouad of tbe institute. Tb• results of tbe test are 
1bOWD ia tb• testing protocol. Analr•il of neqJ consmptloa bf rural con1-r1 
sb,,.,. tbat 70-80 per cent ls accoanted for bf beaUa1 aeed• <water, dwllings, 
cootiag etc.). To prOYid• tbi1, tbe coaatrr woald r .. uir• 500,000 a2 of collec­
tors. llowYer, a lar1• capital input ls aot aece11arr to produce collectors; 
production caa be or1aaised at aa1 plant tbat Ila• a tiaware 1bop. la1tallia1 and 
adju1tta1 coald be carried oat bf 1pecial ••tabli1lllleat1. 

C. ViM pME ptatioal 

Tbe la1titute of la1bandrJ and tlle factorr of ""' ba•• acc ... lated eaoagla 
esperince to t11Y .. ti1ate and te1t wind ,..r 1tatiwa1, wtaicla are a1aa111 used 
to ,_, water for tla• oatpat of electrieitJ. Teclaaical r .. utr ... t1 for viad 
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.-.r natl•• mre elMwated tw ~t ... elf laetttlitM _. • 
p~otot.fpe1 of tlae ussa atati• .,.. ....... taa f"itll- abt.l• •• ?' .... 

tlaen prototne•..,. ......._. i• •dl9aleel .......... .tdlMIWy t.fti11& 
of tM triad ..-r stati• &ae .... cie89lts. tl9t'e ~ ~ stet.I- wll M 
promeed · aad lan.11 .. fw 'tUti'll& ia U.. n&l .. cldaraetftl ... ., dlf,__t 
lrl.ad .... waler ftS8111W. 

n. .-r 1ciealfic. '8elllllcal ... ~l- ..... _. -. ........ elf •tp-
lenl .at...i start etu.-. •w•. -*te dlftle.1.tt• i• ....... ,._ ttat.• ~ 
i• ...._oll• la tile febn. Ia ~i• .... ..-..1 ... & tcalllt 1 to •al ...... 
...- .,,ucauoa ,_. ..in-. •••U-niattlll ....,. _. 4tl11it••._. fti• 
wu ..__ .. u. a.a nati• htlaees tt. ~ tlllt .r ._.. .t .... 
c-ls .- ea'ttl• t.r l.S-2.0 ....... tlla .-eillfetl9'lt.T 1llf llil• tae 11111 
2.t-9.7-foltl atl tM ArillP la 19'•• ••1• .. ltw ll ._,.._. Ila t• fl'* 
rea:-. la c1111at'lna .atlla tlwlli~l-1 _. .. ,.. ._, ...... •hi I. t!R diat 

........ retlKN tile -t ef r-1 .................. -·- .... . 
'Ille WlDI .............. , ...... ,_ ., ..... , ...... ., -

•htitl!I factotw U.1 .. - ellliu..d. ... ., •• , ...... ''f •• ,.,,,. .... 
tote1 _~tt• ...... er ... • &ttlllf •n .. _.. .._ . auua 
twprib. •· la Udlll ef ... 111 t1o!• W ............ i.tto-1.'llt> wlu ... 
,.e. !laa cest ., .... ~·-Will - tto-13.- ....... -- ....... 
._ allli• ecaa1a1eau. .rteftta at "'•"° ~lb .- .._. 'Dlt t:t.e r.iaired 
to jastlf~ parclau• of a vlad station ls •.7 pars. !Ile total a_.,.r of vlad 
po119r •tatloas recialred is 10.000 per rear. 

D. l!tablislaiM a teelmologica1 bue 

Ia eoaectioa vlU t:lte 0on. tU aa:rt·J.osical step ii to·cnate a 
tecbological ..... at sen. 'Dae teelmical ... ecoacmlc U.il for tlae project 
ii carnatl~ belq wrbd oat bJ CUlmU M ussa. total sonrm.at 1a,.t 
will M 35 aillion tqkib. If tJae U.ited .. tioa1 fiuaces tlle delinrf of 
tecbologlcal ad otlaer ... i,...t for Mildlq U• t.clmological ba••· tlaen 
will M a real po11ibilitJ to raise llYlD& standard•. especlall~ tlao•• of tile 
raral JIOl"llatioa. 

1. tu1uttcal trncptatioa for ••rtmn. \ .. prototype• 

Tia• tecluaical c1oc .... tatioa for e:sperimeatal prototJPe• of •olar cell•. 
solar laeatias ... 1,..at aad •ter ,...1111 aad vlad power 1tatloa• ii geaerallJ 
pnpered bJ tla• 1cintiflc 1taff iaYOlftd la n1earclt OD tile prototJPe•· 
lloweYer. tlae 1cintlflc staff caaaot prodace tile fall YDl ... of teclaalcal doca­
... tatioa aece11arr for prodactioa aader factorJ' coaditioa1 aad for te•tlag. 
&l••• all tit• Yarioa1 claaracteri1tic1 of tb• prototJPe•· At pre1nt. teclaalcal 
retuir-at1 b••• ben worked oat for •ter ,..,1a1 aad vlad powr 1tatloa1 aad 
for solar laeatiD& et•l,...t. aad tec:ualcal ctoc ... atatiOD is aYailable for viDd 
power 1tatioa1 aad solar laeati•& ... 1,...t. Project doc .... tatloa bas also 
be•• prepared for solar boa••• aad 1renlaov1e1. At tb• •- ti•. it 1boald 
be aoted tbat ... , teclaalcal ter111. iaclaclla1 tlao•• a1ed la plaa1 for prodacta1 
aoa-1taadard ... 1,...t. •• wll •• project doc .... tatlOD for viad powr 1tatloa1 
aacl pateat formal••· la&Ye aot Jet beea worked o.t. lloreoYn-, teclmlcal ctocmn­
tatlOD deliped bf 1 .. 1 tlaaa finll.1-e1tabli11aed oqaal&atlou cnaot be tatn 
lato coaslderatioa la ..ttas flaaaclal cleci1loa1 reprdtas tile project. la tlall 
coaaectloa, it i• Hc••Hl'J to create esperl-tal de1lp INnaas at tile tecbao­
loslcal b••• l• ordel' to accelerate la•tltate o.tpat 8lld to 1a1191t ratloaallsa­
tloa1. tlae•• bareau ••t laaY• tlle rtpt to lHH tecblcal doc .... tatloa for 
npart ... tal prototne• ud to cle1lp tecblcal projects ~at will relate tlle 
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... i,...t tndac ... to e..Ric --l~l... nta -1• accelente tlae 
iatrodwctiM of ....-1-tal •ib iato Ute ~· • ••- .- also tlae 
pnncti• of tec•lcal doc Flate'tl• for ..-ctfic projecu. 

11ae In (Scleatific k••n11J ... a te~UIEI -- • lb teftl~ for 
lat.oratotT t ... attgattw • ...,_ ...-•••'bl ·~ of ~ .._,Ill 
qstw witla fresla •t.r ~l..._. .. cidteEIU. •l11& te.W. netl9& of 
solar nll• i• •tac .._ la ~ ... i •a alMlk. • r n s- w ef u. ao.u. 
Cold aimk ..._ flel• Hlllltt.... a. Iartihte ef • 9'1 I I ... W. teftilLC 
HM• ta U1aa .. tar • .._. •-.. ...- n.tl• i• ewtt•U. •t9& teetetl. 
n. testitEg of ta. etai• ttc•11t llW ttna .. l• .. tit& ewt"lell mt at ttlt 
tnri .. gro F la 811 -· 121.- ._ 9f -.UU ..... llllller El•ltl .... itt .... 
n. fl'eYla& pa ti l• lll'ln .. I tllia'l 9f aU fer _...adl l .... tl9ftlw _. i• 
..-1,,.a witll R&U9111tt e .... l 1'11W!•t91 M- MM•l• .. ated ~-
iatlca - atsU el._.e •141111tl•· .._. l• ._ ,, ...... illJc1t1d 
fhll etllar a•trl•. ftt ............................. &tr WlitJ'. 
a prtateat .,.bll , ..... •l_ll • 1_ uMt. '-'• ac. - ••·.._.la 
8K •• pi -..t'l1' w •*"-'. •••at~ t9 ea • c•••• tlebrtt et u. 
.miltg of..,.., 1a11 ..._ lld:it*i• ta ._.teat ftlldtlll kt&. ft•t•r 
testt111 aau.oe. ftll9ln tlaat ~ .. ~ .-.. tleld ~itl .... ..._ 
tile prototne• laan a fall load fraa tile tec .. ologlcal nbject. 

Tile progr- for tile teclmologlcal bue utlcipatea tile eatabllalmnt of 
tlarff wind proyiag groads: la Ul• Bator. Deetluntgor • ..,. of Soatla Gobi 
at.ak uul Dartlaaa a-. of Deatli at.ak. ne coat of tile proylag groallds will 
be 1.5 aillioa t.Prlb for coutnctlOD ud o.a aillioe for ... 1,...t. It is 
also eaYialc;aed bllildiag a laeltocamples nc' •• a scieatif !c ud prodaciag 
ceatre for teatiag '••tiag srai- utag solar eD•r&J'· tile espected iDP9t is 
10.11 aillioe tqlarib, lacl11di11& 7.66 aillioa for ... 1,...t ... 3.32 aillioa 
for blllldiag. It la eac•H•rJ' to deterai• wlaat fora of org•lzatioa till• 
centre will baYe iD terms of iastallatioa.ud tbe adjastias alUI aaateriag of 
prototne•· It will also be aec•••&rJ' to sapplJ appropriate staff. 

OD tbh basis, aolatioaa cu be foaad for aaiag a coabiaatioa of triad, 
solar ner&J', water uul electricitJ. ..c.-adatioaa cu also be aade for • 
ratioaallf iatrodaced. llOD-coeyeatioaal •r•t• iato lloagoli•'• ecODGllJ. 

G. Orcleripg Mai .... t 

Tia• reciuilitioa foru for 941ai,..at aapplJ •r• seat t.o tbe UllIDO, 
Parcbase uul Coatract lerYice la Jaae 1913 •Dd Febraarr 191•. 

A coaplete set of eciut,..at was ordered for aeaaariag uul ualfsiag wt.ad 
eaergr rHoarcea as follows: triad logger; ..-ter vitb aapetic reed 
svltcb; cbargiag station for acc-latora; "easr-erect" u-ter towr; 
aetal loctabl• yudal-reaiat•t bos; baad aDCI 1tatioaarr ••-tera; uul a 
wt.ad aeter. ne total cost of tbe order was tus 3•.311. !be ... 1,...t was 
•c••••rr t.o calTJ oat i•Y••tisatioe• of triad nercr alUI to teat tile wortiag 
of triad powr 1tatioes. la a ••COIUI order, tbe followtac •r• ordered: 
oscillo1cope; optic aDd lisJattas ... 1,...t for test.lag solar cells; t••rt& 
pipes; l•iaar flow bnebes; ud dtffa1loe gas coatrol •rst.s. Tia• total 
coat of tbe ... 1,...t •• '91 26,319. Tith •l,...t was ••eel to c•&TJ oat 
•- operatloa1 la tbe prod•ctioe alUI testiag of solar cells. .. ... rtag 
... 1,...t •• ordered to prnide t.M b••il for tbe lastlt•te to test 
•stert ... t.a1 prototnn. 
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In llarda llM. pceject •••mat •ftwan ... nceiftd for tile ,...jeet. 
at tile aw tlaa a aotiflcatl•-. ncelYM Uat U. •1m•1trlc t-.r latlll 
....... 1 ...... 

•. Lit!rat!n ..... 

Dwllll tile -1-taU• 8f tile ,reject. Ue fen.All& llterat.n ... 
••: milo teelllliMl t .. ll't • U. ... of •lR 1aua la ~lstaa; VDitetl 
state. fftj9et t9c as1t f8r nbr cells; ... •~•tile•• Of »1-
•••rD .... tile ~ •f •hr _. vt• .. .., ~· i• ~. •ta 
-. nc•l"" l• -11 t•. 
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III. &Cllillmft OF n.iEDIAn OILRC!ltiS 

&a a rea•lt of tla• actiYiti•• of tile project. tla• follalriag l---4iate 
objectiwea ba-.. beea acbiewed or are realizable . 

.I.. btablia-.at of nw -t.laod• of dealgalu aad teatiM protolma 

1. ..., •tboda of deaigniag solar cell• wltla effici•ci•• of 10-11 per ceat 
will be realized after •- of tlae tecluaological ... l .... t nt11lrad to f•lfil 
certain operatioaa la tlae prodactioa of solar cell• ••• beea parclaued. llev 
-tlaods of coac•tratioa giwe aa opportaaitJ to get electric pa119r tbat coats 
SUS 10 per watt. For iacreaaiag tlae effecti .... ess of big pa119r sp~. a aw 
-tlaod uiats •siag leases fraa P'naelja. CZecboaloYakia. or tile oriental 
spt•. •Sofia•. fraa Fruce. Spt- villa coacntratora will be mre tbaa 
3-6 t1-a u effectiwe u preaeat ap~. !lae teatiag -tlaoda fores .. a aav 
poaitioa bee•••• of tile iatrodactloa of ..., ap~ .,f pllotoweltalc 
traaaformera. 

z. Solar hatiag api- are nal•atetl tlaroagb a ..., approa0 to tlae 
iawestigatioa of solar neru a09rcea (aolar collectors). 'Ille partlcipatloa 
of coumera of hatiag ... ru la ealiatetl to detemiae traaaltloaal ,.tteru 
la laeatiag s011rces •• •11 as for tile parpoae of dealplag coatrol •J•t-• ...,_tllod• of prodaclag solar collectors will be realised vitll tile hlp of a 
..., tecbological laa•trJ. Oii• of tb• aw -t.laod• of (aaipiag •attag 
~·i- is a ratioaal cGllbiaatioa of tbi• •J•ta villa otlaer traditioaal or 
--traditioaal nergJ aoarc•• ud tile wide iatrodactloa of hatlag acc-­
latioa •rsi-. 

3. AD iuOYatioa ia desigaiag ud teatiag viad ,.,_r atatioas waa tbe 
... teriag of •tbod• to carry oat tbeoretical aad ez:pert.eatal la.eatigatioas 
of tbe e...r-cbaagiag pattens of viad fO'Mr. Dae to tlaese enr-cbaaglag 
pattens. •r•t- ••t be dealped for coatrolliag tbe routloa .,... of tbe 
viad rotor. 

8. Tralniag national ptrsoaael to carri O!t ual1sea of 
eaergt rHoarcH ud dHlp prototlp!• 

1. Tralaing natloaal personnel to carrr oat uaalr••• of eaargr resoarcas will 
be aadartaba oa tba basis of tbe esperiance ac••ired abroad. 'Ille •i• 
retair.-nts for an aa~lJ•i• of aaargr raaoarc••· aa foreaeaa la tH traialag 
progr .... •. laclad• tbe follawiag: 

<a> lsperleace ta deslgaiag wind and solar eaergr dnlces la specific 
part• of tbe couatrr; 

(b) lelectioa aad eYalaatioa of tbe range of .. ai,..at ••ed; 

<c> rtrst-baad ac••aiataace vitb .. tbods of iaYeatigatiag aad testlag 
... r&J baraessiag deYices; 

(d) ltadJ of ecoaomic effectiY ... ss of Yarioas •aa• of applJi•& aaergr 
resoarces. 

2. .. ... of fMdiag tlle desip aad test ns•lt• of prototnes iato CC111P11ter 
•r•tms will be deteniaed after tlle aislioa of t.M iad9stria1 iafomatioa 
.... rt. 
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3. A geaeral •rst• for latrodaclns aw CM1tpat lato prodactioa vill be worked 
oat at tlae ead of tla• project.. At preaeat. aaalpes of Uae Iastitate•a 
•Eistlns oatpat are beiq carrl• oat la readi•••• for preparatloa of tlae 
t.ecluaological bue n.i•lred to nallu tM ..., •t,.ts. AD aaalrsls of tlae 
teclaalcal doc-atatioa re.ial~ltl for esperlmatal prototnes is ·also 
carreatlr belag carried oat. u •ll u - ualph of tH prlaclplea for 
orgaalzlag iatrodactioas 8'f tile !l!!V CM1q.it tllroaglant tile cout.rr. 



... 
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l. tile elaboratloa of tralalag progr .... s for aatloaals is tile ter to gaialng 
e:rperieace ia desigaing. prod•ciag aad testing aatioaal protot~s of 
e:rperiMatal viad .-r statioas. solar cells aad solar laeatiag •Jst-. 
ll!>reower. tke orgaaiziag priaciples of tile ~raiaiag progr .... s will be ••ef•l 
ia deslpiq tile first ezpermatal nits ud tlln ia prepariag tile tecbical 
doc 1atatioa. 

2. a.c .... adatioas for •Yal•atiag tr ... itioaal processes .S.riag tile 
iaftatigati• of solar laeatiag apt- aad viad .-r statioas are beiag 
elaborated bJ e:rperts frtm IPr aa4 tile lastit•te of h•baadry. At tlae •-
time. traiaing progr .... s la ... i,..at desiga are being ndertatea togetller 
vitla traiaiag PR'P" .... S la aicroproceHor teclaalpes. 

3. tile project ... aerftd u a basis for orgaaiztng tile proactioa aad testing 
of eq.er~tal solar laeatiag •pi-. solar cells aad viad .-r statioas. 

4. tile aalrsb of tile stat•• of tile tecllllological be•• laelped detendae tile 
secoad ,..ase of tile project. lllaicb •• to coatine tile actiYlties described 
aboft ad to orgaiu tile mre ezpediliws iatrodactloa of •cintific oatpata 
iato tile eco~. 



--
- 21 -

Y. PUDDCS 

1. tla• ..oant of nataral resoarc•• i• aot 1afficient to satl•fJ da.e1tic aeeds 
for ea•r&J· 

2. aaalJ•is of vlad and solar eaergJ resoarces 1'°"8 tlaat tlaere are rlcla 
nsene• of aoa-tracli tioaal ••r&J res•rc•• la llDagolla. Lenls of solar 
radiation an laigla. bat slaarp flactaatioa1 la t..,.ratan ad vlad nlocltJ. 
aad tile preseace of peEmafrost create dif f lcalti•• la tla• ratloaal ••as• of 
••r&J re1CM1rce1 la tla• ecoaamr. 

3. AaalJSi• of po11lbillti•• for ••la& 1l0a-traclitioaal 1oarc•• •bows tlaat 
ttaere are sa.e cas•• aere it ..,.ld be aclyaatageoas to ••• --• of traas­
fomlag solar aad vlad aergJ for ,_.tag -t•r. Jaeatiag aad electricitJ. 
&ttapts are also belag -•• to prepare teclmical doc-.tatioa for aatioaal 
prototJpes aad to prodace eaperimatU. solar cells. solar laeatiag •r•t- aad 
viad ,_.r 1tatioa1. 

4. aaalJ•il of tla• teclmologlcal bu• slaowad tlaat tla• factorr for proclaelag 
eapert.eatal wind po11er statioa•. solar cells aad •olar laeating •J•te.1 bad 
llalted po11lbillties for prodacing .. ai,..at tlaroagla lack of teclmological 
... 1.-nt. raw -t•rial• aad _,__r. 

5. Prellainarr testiag re1alt1 fl'Clll experillental prototJpel •ballad tbat tla•J 
coald wrt. tlae 1bortc•iag1 of triad po11er aad solar laeatlag 111te.1 wre 
also taken into coasideratioa. 




