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Explanatory notes

In addition to the common abbreviations, sblbols and teorms, the following
have been used in this report:

TIEELEE

Centre of Scientific and Technological Information

Institute of Physics and Technology

Ministry of Agricultural Economy

Ninistry of Fuel and Electric Industry

Mongolian People's Republic (abbreviation used only where it
appears in project document title)

Ministry of Water Economy

State Committee for Science and Technology
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1. To finalize the technicel documentation for tke prototypes tested, .
including the techanical solutions derived from the tests and instructions
for iastalling and putting into operation the wind-driven water pumps
(TW-CY0-0.5+42.0 and JSA-0.5); wind-energy aggregate (XYY-1); 3o0lar devices
for heating water and dwellings; solar elements aad solar batteries (Naran-1,
Naraa-2, Naren-3).

2. To present the final technical documentation in terms consistent with
those of existing standards for pilot prototypes. (The most acceptable
standard for Mongolian conditions is the United System of Coastructor
Documentation published by the State Committee for Standards of the Union
of Soviet Socislist Republics).

3. To continue research aimed at solviag the problem of winter use of wind-
driven water pumps and to carry out additional tests on such pumps in accord-
ance with the proposal of the Research Institute of the Ministry of Water
Economy (MWE) of the Mongolian People’s Republic, elaborated in eo-oporatioa
“with the Soviet research institutes.

4. To finalize che esteblishment of prototypes of solar houses of 50 n?

in area and tc test solsr collectors for air and water heating, accumulator
subsystems and dubbing systems as well as solar elements end batteries for
supporting adequate living conditions in solar houses during winter.

S. To start local trial production of 150 JSA-0.5 pumps, using equipment
presently aveilable in the workshop of the Livestock Research Institute.

6.- To start local triasl production of 20 TWN-CY0-0.5+2.0 pumps, using
equipment presently available in the MWE workshop.

7. 7To support the activities of the Lsboratory of Solids at the Institute of
Physics and Technology (IPT) aimed at improving the techmology of manufacturing
solar elements by:

(a) Accelersting the supply of equipment, imcluding:

(1) Item 19, laminar flow benches and modules for clean environment
bandling of semiconductors (producer: Termco Product Corp.);

(ii) Item 20, nitrogen and oxygen gas purifiers (produced in the
_Netherlsands);

(3ii) Item 21, capacitance conductance (Genersl Radio, United States
of Americs);

(b) Implementing the project entitled "Development of photovoltsic tech-
nology on the base of research at the IPTI™ as the second phase of project
DP/MON/75/006, "Demonstration of new sources of energy in rural development™.

8. 7To prepare & final project document for the establishment of a workshop
for manufscturing solsr betteries based on technology adopted from IPT and the
results of testing Mongolisn-made prototypes of solar batteries Naran-l,
Baran-2, Naran-3.
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9. To implement the Mongolisn-Finnish programme for the industrial production
of JSA-0.5 pumps, upon supply of machines, tools and other necessary equipment
trup the USSE.

10. To finalize the technical documentation base of the State Cormittee for
Science and Technology (SCST). The documentation is being prepared based on
the feasibility study and preliminary technical assistence carried out by the
Novosibirsk division of the All-Union State Design and Scientific Research
Institute of the S¢ientific Academy of the USSR.

11. To elsborate a programme for local industrial production of TWN-CY0-0.5+2.0
pumps and technical documentation for the manufacturing plaamt.

12. 7To extend activities aimed at improving helio-technology in the IPT and
to implement the project entitled "Strengthening the Heat Physics Laboratory
of the IPT of the Scientific Academy to develop helio-energy technology inm
Noagolia™ (dependaat om receiviag additiomal assistance from the second phase
of the United Nations regional project DP/RAS/84/001/C/01/53, "Regional energy
development programme®™).

13. 7To implemeat a project elaborated st the request of the SCST entitled
"Strengthening of the national system of scientific, technical, patent and
bibliograrhical information at the CSTI™ simed st introducing modern computer
technology aid a remote deta-proces.ing system in the presentation of inform-
stion necessary to the establishment of pilot prototypes and the upgrading of
economic efficiency. :

14. To accelerste the training of the following Mongolian specislists abroad:

Chief, Heat Physica Laboratory of the IPT:;
Scisntific staff, SC3T;

Senior Engineer, Hydrometeorological Institute;
Chief, Repair workshop, MNWE;

Chief, Workshop at the Livestock Institute;
Scientific staff, IPT;

Chief, Lsboratory of Solid Fhysics, IPT.

15. To strengthen nationsl capabilities in modern design and techmnical
snalysis by: ’

(a) Bsteblishing an Experimental Design Office (Special Construction
Buresu), utilizing the experience of various groups currently working on
projects in resesrch institutes and workshops;

(b) Organizing a unit for installing, testing and providing training on
pilot prototypes;

(c) BEstablishing units for the local production of tested prototypes.

16. To commence, without undue delay, the second phase of the project
(requiring an additional input of $US 800,000).




I. ENERGY RESOURCES
A. Wind fesources

Annuasl average wind speeds in Mongolia renge from 3.5 to 5.9 m/sec for 60
per ceant of the territory (table 1). Potential wind-energy resources are thus
836.8 million kW for the .territory. Wind energy is availaeble from 4,500 to
$,000 hours per year.

B. Solar resources

The following factors show that effective use could be made of solar-
energy devices in agriculture:

(a) Mongolia eajoys 2,600-3,300 hours of sun annually (see table 2),
which is significently more than France (1,750 hours), a leading country in
the use of solar equipment and located approximately at the same latitude.
The distribution of sunny days is evem during the year (date on cloudy days
are shown in table 3);

(b) Cloudiness is noglirgiblc (figure I) because Mongolia is remote from
seas and oceans; thus, the solar radistion is stable;

(c) The dry continental climate (relative humidity about 30 per ceat)
promotes the power of solar elements by 4-10 per cent and increases their
lifetime by 50 per cent in comparison with tropical countries;

(d) In rural asreas low population density, a nomadic way of life, and
sharp drops in temperature restrict the use of traditional, portable, diesel
or electrically powered devices requiring periodic deliveries of fuel.

Thus, sn important way of improving agricultural mechanization in widely
scattered communities is to provide energy from renewable sources. During
the project "Demonstration of new sources of energy in rural dsvelopment”
(MON/73/006) carried out in 1980-1982, various small-scale wind and solar
energy devices (e.g. wind-driven genarators and water pumps, solar photovoltaic
generators and thermal water heaters) were contributed by Finland, France, the
United Kingdom and the USSR. They were demonstrated by consultants who elab-
orated on possibilities for expanding the use of these and similar systems.

In the course of these demonstrations, it became clesr that renewabdble-
energy activities should be concentrated on a small number of possibilities
lending themselves to sdaptation to Mongolian geographical and climatic
conditions: wind-driven water-pump aggregates such ss "icrobat” from Finland
and "Chaika” from the USSR; and solar units. Accordingly, it was suggested
that new, sppropriaste pilot prototypes be elaborated within the freamework of
the project.




Table 1. Dats on aversge wind velocities by month, season end year for suitable areas
of Mongolia for application to wind-driven water pump and wind snergy aggregates

Average seasonal Average

Hetecrological w Month m/s wind velocity (m/s) annual wind
station 1 II I1IX Iv Vv VI VII VI IX X XI XII IXII-II 1III-V VI-VIII IX-XI veloclity (m/s)

1. Altai 2.7 3.2 3.4 A6 4.5 3.9 3.3 2.9 3.1 35 3.2 3.0 2.9 4.2 3.4 3.3 3.4

2. Acvaikher 2.9 2.9 3.4 4.4 A4 3.6 3.0 2.7 3.2 3.2 31 20 2.7 4.1 3.1 3.2 3.3

3. Delamzegded 3.4 3.8 4.7 6.1 5.9 4.3 4.3 3.9 4.0 3.8 4.1 3.4 3.5 5.6 4.2 3.9 4.4 {
4. Saikhan 7.3 5.8 5.6 6.2 5.9 4.7 J.9 A1 4.2 3.1 8.4 8.6 7.2 5.9 4.2 5.9 6.0 T
3. Bayeankihongor 2.8 2.8 3.0 3.8 3.9 3.1 2.8 2.7 3.0 3.0 3.2 3.1 2.9 3.6 2.8 3 3.1

¢. Mandalgov 4.5 4.3 A5 5.6 S.8 4.9 A.2 3.8 4.1 3.8 4.3 4. ‘4.3 ,5'3 4.3 4.1 4.3

7. Seaiashand 4.2 4.2 3.0 5.9 6.0 5.2 4.6 4.0 4.4 4.1 4.2 d.i 4,2 $.6 4.6 4,2 4.7

8. z.iun ud 4.0 3.8 4.3 5.4 5.2 4.0 3.9 3.2 3.7 3.6 3.5 3.4 3.7 5.0 3.7 3.6 3.6




Table 2. Average data oﬁ the

real duration

1]

of sun shining on Wongolia

Meteorological .
station 1 II III 1Iv V¥ VI VII VIII IX X XI XII Annual
1. Gurvan-tes 234 228 260 281 333 310 303 314 293 28) 238 220 3 297
2. Khivsgil 214 217 243 236 300 310 314 2307 281 272 220 212 3 146
3. Dalan Zadgad 220 211 241 247 313 306 302 278 276 266 225 215 3 200
4. Saikhan 218 223 245 257 ‘298 306 303 300 293 269 221 208 3 143
S. Sainshand 210 217 262 258 298 308 302 297 278 2%8 213 198 3 099
6. Tooroi 210 218 245 270 318 289 304 314 276 262 210 187 3 103
7. Bayandelger 208 222 271 273 296 312 314 236 270 242 208 194 3 068
8. Mandalgov 213 226 269 264 303 288 290 292 276 260 218 203 3 092
9. Baitag 208 215 266 281 307 298 293 300 290 256 219 175 3 108
10. Tonkhil 205 208 244 253 293 283 276 266 239 246 210 197 2 %40
11. Altail 208 205 244 254 308 290 294 300 272 2351 202 188 3 016
12. Baruun-Urt 196 209 261 264 290 299 310 289 2%2 233 200 179 2 982
13. Baysankhongor 220 224 259 250 323 301 293 299 278 260 220 206 3 011
14. Khuzhirt 202 214 260 248 284 275 267 262 254 243 196 179 2 884
15. Tsetserpleg 197 216 243 258 276 295 279 291 2350 232 187 178 2 904
16. [Khalkh gol 191 210 263 260 289 300 290 280 237 230 181 170 2 922




Table 3. Dats on the number of cloudy diyl in Mongolia

Meteorological Year
station I II III IV Vv VI VII VIII IX X XI XII Number %
1. Gurvan-tes 0.8 0.8 1.2 0.8 0.8 0.8 0.4 0.6 0.6 0.8 0.6 0.3 8.5 ., 2
2. Khivsgdl 1.5 1.2 0.8 1.3 1.3 1.3 1.5 0,7 0.6 2.2 0.8 0.8 14.0 4
3. Dalen Zadgad 1.1 0.6 1.6 3.0 1.2 0.6 0.2 0.6 0.3 0.4 0.6 0.6 10.8 3
4. SaikFan 11 1.0 1.4 1.0 1.0 0.8 0.2 0.9 0.2 0.3 0.9 1.2 10.2 .3
3. Saiashand 0.9 0.9 0.9 1.0 1.1 1.1 0.6 0.0 0.9 0.2 0.9 1.0 9.8 3
Tooroil 1.1 1.2 1.5 1.0 0.5 0.8 0.6 0.3 0.0 0.0 0.2 1.6 8.8 2
7. Bayandelger 1.0 0.8 0.6 0.8 1.0 0.2 0.6 0.8 0.8 1.8 1.3 1.8 11,8 3
8. Mandalgov 0.9 0.7 1.1 1.4 0.5 0.8 1.2 0.7 0.6 O0.7 1.1 1.0 10.7 3
9. Baitag 0.8 0.8 0.9 0.8 0.0 0.9 0.7 0.8 0.3 0.8 1.7 1.8 10.8 3
10. Tonkhil 0.1 0.7 0.5 0.6 0.6 0.2 0.1 0.6 0.1 0.0 0.2 0.7 4.4 1
12. Altai 0.7 1.1 1.1 0.9 0.6 0.7 0.9 0.6 0.2 0.5 0.4 0.8 8.5 2
12. Baruun-Uct 1.7 1.2 0.8 0.7 1.2 1.2 0.7 0.8 0.6 1.6 2.0 1.7 14.2 4
13. [Khuzhirt o.¢ 0.8 1.0 1.3 1.0 1.9 1.0 1.1 0.8 1.0 1.0 1.6 12.3 3
14. Bayankhongor 1.1 0.8 0.4 1.2 0.2 0.6 0.2 0.4 0.2 0.8 0.4 O.8 7.1 2
15. Teetserpleg 0.9 1.0 1.0 1.3 1.0 1.8 1.8 1.0 1.0 0.9 1.1 1.2 14.0 4
16: Khalkh gol 1.0 1.3 0.8 1.8 1.1 0.2 0.4 1.1 0.8 1.8 2.1 2.6 15.0 4
17. Zuum mod 0.6 1.0 0.6 1.6 0.4 0.8 1.0 0.8 0.6 0.8 0.8 2.0 11.0 3
18. Uliastail 1.2 1.0 1.0 0.4 0.1 0.8 1.0 0.7 0.8 1.1 1.6 2.0 11.7 3




rigure I. Distribution of spnual solar radiation in Mongolis (kcal/cm?)
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II. ACTIVITIES :
A. Work plan

The project activities were as follows:

(a) Analysing the use of wind energy for water supply and of solar energy
for heating water and dwellings;

(b) Designing, constructing and introducing prototypes for: wind-driven
water-pump aggregates; means of heating water and dwellings; and soler cells;

(c) Preparing equipment specifications;
(d) Prepesring technical documentation for prototypes;

(e) VWorking out study programmes for training national personnel abroad
in the field of:

(i) Solar energy sppli-ation;
(ii) Application of c;-pntct in tke design of prototypes;
(iii) Modes of prototypes production;
(iv) Semiconductor and solar éells production;
(f) Selecting nationals for fellowship training abroad;
(g) Preparing technical documentation for manufacturing wind-driven
water-pump aggregates, solar cells, and solar devices for heating water and

dwellings;

(h) Installing commissioning and putting the equipment into operation for
testing wind-driven water-pump aggregates, solar cells, and solar devices;

(i) Testing prototypes of wind-driven water-pump aggregates in the field
and under laborstory conditions;

(j) Testing prototypes of solar cells and solar devices for heating water
and dwellings;

(k) Assisting in the finslizing of technical documentation on wind-driven

water-pump aggregates, solsr cells, and solar devices for heating water and
dwellings; :

(1) Elsborating recommendstions for using the scientific investigstions
of Mongolia's reseerch institutes in producing prototypes of wind-driven
water-pump aggregates, solar cells, and solar devices for heating water and

dwellings.
B. v [ u

The following activities were carried out:

(a) 1In July 1983, Mr. Bat-Erdene was sppointed nationsl project director
and local personnel were selected;
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(b) Office and working accommodation was arranged at the preamises of the
SCST; at the MWE repair shop; at the NMinistry of Agriculture (Institute of
Stock Breeding's workshop); and at the IPT (heat physics and photovoltaic
devices laboratories);

(c) The Institute of Stock Breeding provided assitance with: (i) the
design and testing of the JSA-0.5 pump, as an extemsion of an earlier activity
related to the establishment of a new Acrobati ("Mongolia™ version), as the
JSA-0.5 was found to be highly suitable for smsll-scale water supply in rural
areas of Mongolia. 2 further aim of this activity was to prepare the ground
for experimental, local manufacturing of similar small-scale wind-driven
pumping systems; and (ii) the elaboratiom, design and testing of wind-enmergy
aggregate XYY-1, with a view to providing the power supply needed for domestic
electrical appliances as well as for television and radio sets with low energy
consumption;

(d) Assistance was given tc the MWE repair shop in the design and produc-
tion of the TWN-CY0-0.5-2.0, whi .a has & larger capacity than the JSA-0.5;

(e) Assistance was given to the IPT in developing solar-device prototypes
for heating water and dwellings (heat physics laboratory) and solar cells
(vhotov~1taic systems laboratory);

(f) The testing sites of the SCST at Ulan-Bator and of the MWE at somon
Bajandelger and South Gobi ajmek were used for trials of wind-driven water
pumps and other wind-energy systems. The testing site of the IPT heat physics
lsboratory was used for solar-powered systems for heating water and dwellings.

C. Detailed activities of the consultant

Between 30 March and 29 September 1984, the consultant assisted in:

(a) The preparation and revision of requisition forms for equipment,
including controlling and measuring instruments and complex hardware;

(b) The elaboration of training programmes (in Finland, India and the
USSR) for seven Mongolian specialists in the field of design, production and
testing of wind-driven water-pump aggregstes, solar devices for heating water
snd dwellings, and solar batteries;

(c) The analysis of technicel documentation on the prototypes and the
preparation of recommendations for improvements;

(d) The preparation of programmes for testing prototypes, including
(i) programmes and methods of testing Mongolian-made wind-driven water pumps
(TWN-CY0-0.5-2.0 and JSA-0.5) and wind-energy aggregates (XYY-1l) and
(ii1) programmes for testing s complex pilot system for the use of solar energy
to meet the heating needs of consumers living under severe climatic conditions
(approved by the SCIC and the Academy of Science);

(e) The preliminary testing of pilot prototypes of wind-energy aggregates
and solar units;

(£) The installation and operation of elemsnts of equipment received;
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(g) The preparstion of drafts of two project documeats descridbing the
application of computer hardware and software to stresgthes the Naticamal Ceatre
of Scientific and Technological Information, and the use of these computers for
the design, productioz and testiag of prototypes;

(b) The drafting of IPT projects;

(i) The analysis of the prototypes’ characteristics made on the basis of
comparison with foreign analogues and data from industrial catalogues and

patents;

(j) The elaboration of proposals for the secoad phase of the project
(deaft project document subsequently approved by the SCST and submitted to the
Resident Representative in NMongolias);

(k) The analysis of wind and solar energy resources that could be used to
supply water and to heat water and dwellings (figure II).

D. Pilot prototypes

The first Mongolisn pilot prototypes wers three TWN-C40-0.5-2.0 pumps. The
basic technical characteristics are: (a) wind turbine dismeter - 2 m; (b) awmber
of blades - 12; (c) type of wind turbine - low-speed; (d) revolutioas per minute
at a wind speed of 8 m/s - 80; (e) capacity of pump et various elevations -

0.5 m3/hour (30 m), 1.2 m3/hour (20 m), and 2.0 m3/howr (10 m); (f) ramge
of working wind speeds - 3-5 m/s; (g) total weight - 400 kg; (h) estimated price
- 5,000 tughriks.

The besic characteristics of the pilot prototype for the small, JSA-0.5
pump elaborated by the Livestock Research Institute on the basis of the work
of S. Jemjansharav, are: (a) wind turbine diameter - 1.2 m; (b) number of
blades - 6; (c) type of wind turbine -~ low-speed; (d) revolutions per minute
at & wind speed of 8 m/s - 150-.60; (o) capacity of pump st 10 m - 0.5 a3/hour;
(£) total maximum elevation - 15 m; (g) range of useful working wind speeds -
2-15 w/s; (h) total weight - 30 kg; (i) estimsted price - 1,500-1,600 tughriks.

Both models have piston pumps and storm-save systems in which the rotor
turns sideways to the wind. The pilot prototype of the XYY-1 azgregate
elaborated by the Livestock Research Institute, has s wind turbine diameter of
2 » and two blades. The capacity is 0.25 kW at a wind speed of 8 w/s.

Prototypes of devices for heating water and dwellings were established
st the IPT experimental base. The principal scheme for a complex solar water
heating system is shown in figure III. This system includes s collector sub-
system, & heat-accumulating subsystem and s dubbing subsystem. The character-
istics of the collector subsystem are: (a) summary 3quare of two loop collec-
tor panels - 20 -2; (b) gabarit sizes of one module - 1.55 £ 0.25 x 0.92 m;
(c) weight of one module (dry) - 30 kg; (d) heat cerrier (wster, antifreezs);
(e) weight of heat carrier in panel - 1 kg; (f) maximum temperature in panel -
170 °C; (g) window pane for transparent insuletion; (h) thickness of trans-
parent insulation - 0.003 m; (i) thickness of heat insulation - 0.05 =m.

The characteristics of the hest-accumulating subsystem are: (a) volume
of hest exchange tank - 200 1; (b) volume of sccumulator tank - 300 1;
(c) material of tanks -~ steel; (d) heat insulstion materisl - wool, thick felt;
(e) thickness of heat insulation - 10 cm; (f) staying power of sccumulator
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tank at smbieat temperasture of -5 °C - 5 x 24 aours; (g) iaitial tempersture |
reguired to charge accumslator tamk to provide somimal stayiag power - 80 °C;
(h) 24 hours overfall of t° of water ia accummlator teak - 10 °C/day.

The characteristics of the dubbiag subsystem are: (s) a heatiag stove
(type of firiag - wood; acainal capacity - 500 1/7h; hourly expeaditsre of
firiag - 0.2-0.3 ®3/h; output temperature of water by momimal cepecity -
75-85 °C; hestiag serface - 1.36 &) and (b) am slectrical heater (dimmster
of tube - 25 ma; consumption of electric curremt - 5.0 kii/h; aomimal capecity )
- 600 1/h; temperature of water by aomiral capacity - 75-80 °C; materisl of
tube - zimc-coated irom).

A schematic disgram of a prototype of aa experimeatal complex solar air-
hasting system, elaborated by IPT, is preseated ia figure IV. The charac-
teristics of this prototype are: (a) a collector pamel (gabarit size of ome
medule - 1 x 1 x 0.25; summary square of collector pamel - 20 mZ; heat
esrrior - air; window pane fer transpareat iasulatioa matérial, with dowdble
glsting; distence between pames - 0.03 m; thickness of heat imsslatios -

0.1 m) and (b) & hest accummleting subsystem (volume of heat accumslatisg
material - 1 a3; type of accwmmwlator material - gravel; heat insulatiea
mterial - wool, thick felt, glass-paper; thickaess of heat imsulatios -
0-25 cm). -

The dubbing system is calculated to functiom from 1 to 3 hours duriag

24 hours to maistain aa appropriate temperatsre (25 °C) for the heat accumu-
lator ia winter. Ia accordance with the work plan of the project, the tech-
nology of production of solar elements was elaborated at the IFT. Pilot
prototypes of solar elements from monocrystal silicon have an efficiency of
9.5 per cent. Work is currently under way to imcresse the efficiency of
these elements to 11-12 per cent for monocrystal silicon and to 6-7 per cent
for tape silicon.

The pilot solar batteries were produced with capacities from 0.2 to 0.5 V
as power supplies for portable radio receivers of type WEF, Sokol, Rossia. Onme
with 6 V capacity was selected for production in Mongolia. A feasibility study
was carried out with s view to establishing an experimentsl workshop that would
produce 25,000 batteries per year. Figure V shows a principal application
scheme for solar batteries to supply power for various consumer requirements
(e.g. for portable radios and television sets). An evalustion of the potentisl
fields of spplication of autonomous photovoltaic units in Mongolia is given in
table 4.

Taeble 4. Main fields of spplication of autonomous pbotovoltiie systems
for rural development in Momgolia

Naximum d
capacity (W) Field of application World demand Mongolia
0.1-20 Radio and telecommunications 100 0.6
0.1-125  Agricultural equipment and instruments 7 0.2
5-10 Television sets 600 3
10-40 Lighting 600 4

continued
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Table 4 (continued)

Baximum _ _ Demands (mbl)
capacity (W) Field of application World demand Mongolia
10-500 Drying, sterilization and storage of food 3 000 3
50-500 Water refining 350 0.3
10-500 Bedicel equipment 20 0.1
40-1,000 Water pumps for water supply 25 000 10
10-1,000 Nature reserves 30 0.5
10-10,000 Combined systems for electricity and heat ’

supply 1 000 S
Total 130 707 49.7

E. ZTechnical documentstion

Preliminary technical documentation elaborated at research institutes and
workshops included the following:

(a) Technical requirements for TWN-CY-0.5-2.0 pumps (MWE workshop);

(b) Technical requirements for JSA-0.5 pumps (Institute of
Stockbreeding);

(¢c) Technical requirements for solar devices for heating water end
dwellings (IPT);

(d) Documentation based on s feasibility study for the establishment of
a scientific unit for manufacturing solar elements (IPT);

(e) Documentation based on a feasibility study for the establishment of
an experimentsl technologicsl base for manufacturing pilot prototypes (joint
sroject on bilateral co-operation between the SCST and the Novosibirsk
division of the All-Union State Design end Scientific Research Institute of
the Acauemy of Sciences of the USSR);

(£) Documentation for "solar houses”™, "green houses” and solar baths
(IPT in co-operation with the State Design Institute);

(g) Working drawings for the production of TWN-C40-0.5-2.0 (MWE).

The final technical documentstion for pilot prototypes must cover: the
technical tasks and conditions pertinent to msnufacturing plents; the tech-
nology of production; installing and exploiting wind and soler energy units;
snd the adaptation and application of wind-driven pumping systems to wster
sources, prepared on the basis of project solutions suggested by other design
organizations such as the State Research Design Institute of Water Supply of




Figure IV. Schematic diagram of prototype of aa expsrimeatal complex
solar air-heating systea
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the USSP. The finsl documeatatioa skould also be drafted besriag ia miad tke
complete set of standards of the United System of Coastructor Documeatatioa.

P. ZTraining nationsl persomnmel sbroad

Training programmes were prepared for sevean mationmal spscialists who will
participate in the developmant of the techaological bdase of the SCST. They
cover:

(a) Technology and experiencs im the wtilizetion of solar eaergy for
improving living comditions. (Fellow: MNMr. Losol Khaltay, chief of labora-
tory, IPT; one moath st Ekosolar oy Brumo Erat arkkit and Design Film Arkins
ay Helsinki);

(b) Application of computer technigques for pilot piototypes elaborated
oa the bagis of scientific resesrch. (Fellows: Nr. B. Jambimolom and

Nr. Canbastar (scieatific staff of SCST); ome month each at Siberisa Division,
Acsdemy of Sciences of the USSR, Novosibirsk);

(c) Organization of modera techmology for the production of experimental
prototypes. (Fellows: Mr. R. Baldanish and Mr. O. Ovgoa (heads of MUE work-
shops); oae morth each divided between Siberian Division, Academy of Sciences
of the USSR zad All-Union Acedemy of Agriculturs (eiperimental plants),
Novosibirsk;

(@) Modern technology for production of semi-conductor materials and
solar cells. (Fellows: Kh. Dorj snd NMr. M. Bastarkhuu (scientific staff,
IPT); one and s helf months each divided between All-Union Institute of
Electricity for Agriculture (Moscow), Armenian Helio Laboratory (Erevan),
and Ashabad Mationsl Physical Laboratory (New Delhi).

G. Analysis of techmolo and equi nt for local production
of pilot prototypes

Local production of JSA-0.5 pumps is one of the simplest to carry out
among the industriesl projects proposed for Mongolia. Local mesnufacturing of
these small pumps (like the Acrobatti) could be started with a small invest-
ment and existing equipment. 7Trial production of 150 units could be undertaken
at the Livestock Research Institute. St indard Noangolien watar tanks could be
used, or concrete tanks could be made. Standard steel tanks from the MJE
workshop could also be used. Industrisl production could be started, for
example, st the MWE workshop at Ulsn-Bator with little investment. The same
personnel snd organizationsl appsrstus should be involved in both trisl end
industrial production.

The Finnish-Mongolian Bilateral Co-operative Committee for Science and
Technology agreed in late 1983, at Ulan-Bator, to begin trisl production of
small, wind-energy systems. The estimated costs of the programme are presented
in the mission report on project MON/75/006, "Demonstration of new sources of
energy in rural development”. Implementation of this programme might, however,
require finencing through & joint-venture company.

The locsl production of TWN-CY0-0.5-2.0 could be started, with insignif-
icent investment, at the MWE workshop. Manufscture would involve, mainly, the
use of commonly available raw materials, sccessories, tools and machines.
Soviet steel, machines and tools, which are the most commonly used in Mongolis,
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should be uwsed iu the manufacture of the TWN-CYU-0.5-2.0. Por the trial
productioa of 20 units, Mongelia might seek Upited Mations assistence throwgh
that Orgamization's programmes for scieace and techaology for development
(second phase of the project). Por industrial production, NMongolia might
counsider the possibility of using the techmological base being designed by the
Movosibirsk division of the State Research Design Iastitute of the Academy of
Sciences of the USSR.

A survey of the IPT techmological base shows that existing equipment is
not adequate for the production of solar devices for hesting water amnd
dwellings. It would be mecessery, therefore, to prepare a feasibility study
on the question and to elsborate techaical requircments for the local produc-
tiom of solar collectors, accummlators, and a dubbing system of solar devices
for heating water, dwellings, baths, greenhouses etc. Subsequently, it would
be uwseful to organize the manufacture of this equipment at the proposed tech-
nological base.

Existing equipment at IPT's Lsborstory of Solids was used to produce pilot
prototypes of solar elemeats aand batteries. However, there is a bottlemeck in
the laboratory cawsed by the contimwed absence of equipmeat requisitioned in
1984. The feasibility study on establishing a scientific workshop for the
locel manufacturing of solar batteries was carried out. The preliminary project
documentation includes basic data om the main techamological processes involved
in the manufacture of solar elements: chemical refining of silicon plates;
diffusion for establishing p-n junctioms; attaching a protective covering;
chemical etching; establishing back contacts by means of vecuum dispersion;
establishing front contacts; coating with a photo lacquer; fixing the photo
lacquer; developing; etching; establishing anti-reflective coverings; and
connecting the elements and installing them in the main body of the battery.

The equipment for these processes was selected. It is estimated that 49 workers
would be required for the local annual manufacture of 866,320 elements for
35,000 (6 V) solar batteries.

In accordance with the standards of the United System of Constructor
Documentation, documentation for installing pilot prototypes, such as wind-
energy stations, solar cells, and solar devices for heating water and houses,
should be included in the final technical documentation for the corresponding
prototypes. This documentstion is being elaborated, as well as instructions
for installing wind-driven water pumps. With regard to the installation of
pilot prototypes of TWN-C40-0.5-2.0 pumps: the first Mongolian T.%-C40-0.5-2.0
has been installed at Somon Bajandelger (figure VI); the second has been installed
at the test site in South-Cobi sjmek; the third hss been installed at the MWE
workshop, where the prototypes were produced.

The first prototypes of the JSA-0.5 pump have been installed at the SCST
test site at Ulan-Bator. The XYY-1 prototypes have been installed st the SCST
test site at Ulan-Bator. The pilot prototypes of solar collector for water
and air heating have been installed st tne IPT test site (Academy of Science).
The first Mongolian solar electric batteries have been produced and submitted
for testing at the IPT Laborstory of Solid Physics.

H. Testing the pilot prototypes

The following instruments (provided ss pert of the project) were used to
messure wvindspeed (in metres per second): s set of snemometer with digitsl
display and counter, produced by the Leningrad Plant for Gidrometeopridbor
(USSR); hand-held digitsl snemometers provided by Northumbrien Energy Workshop
(United Kingdom); end wind-speed indicators, supplied by Dwyer Instruments Inc.
(United States). Pumping cepecity was messured by running water into s
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Pigurc VI. The first Mongoliax wind-driven water pump (TWN-CA0-0.5-2.0)
st somoa Bajamdelger
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messuring container while a wind gauge msasured average wiad speed. Ia this
way, the correlatioca betweea pump production and wind speed was reached.
After processing this experimental dats, the followiag could be found: wind
speed; average wind speed over a givea period; meximmm wind speed; pwmping
capacity (power capacity); maximua pwmpiag capeacity; and total pumpinsg
capacity (total power).

The programme and methods of testisg TWN-CA0-0.5-2.0 and JSA-0.5 pumps
and XYY-1 aggregates, made in Nomgolia, were eleborated by a UNIDD expart ia
co-operation with staff from the Livestock Research Iastitute (Mr. S. Jamjamsharaw)
and the MWE (Mr. Baldan-Ish). Because the tests were conducted wader field
conditions, most measuremeats (which were performed at Bajandelger) were based
on relisble, visual observation and the wse of water comtaimers, clock aad
wind gauges.

The measured results corresponded to tie values givea by the manufac-
turer. However, further testisg would be useded in order to obtaian readiags
reflectiag the severe sutuma and wiater seasons. This is espscially importaat
in the case of wind-driven water pumps because wells freeze (figure VII).

Testing of the experimental solar heating devices was performed, in
sccordance with the "Programme for testing experimeatal-typical-complex
systems for utilization of solar energy to meet aeeds of low potential heat
consumers ian MPR™, with the assistance of a UNIDO expert on testing and the
IPT Heat Physics Laboratory. The instruments used to meassure sunshine were
used also for testing the pilot prototypes for hesting water and dwellings.

Experimental soler units with power cepecity 0.5-10 V were tested in
sccordance with standard criteris used by the countries members of the Council
for Mutual Economic Assistance. The tested sclar units with cepeacity 0.2-0.5 V
provided sufficient power for radio receivers of types VEF, Bokol, Rossia. The
solar batteries with capacities of 10 V provided a power supply sufficient for
lighting lamps.

I. PFinelizing of technical and project documentation on pilot prototypes

Assistance rendered in finalizing technical documentation onm pilot proto-
types included:

(a) Recommendations on the inprovmnt of TWN-C40-0.5-2.0 pumps wi.h a
view to their use under winter conditions;

(b) Recommendations on the application of existing project solutions when
installing wind-driven pumps at water points;

(¢c) Preparation of a project document on tha development of ;hotovnluic
technology at IPT;

(d) Preparation of project documentstion oo the development of helio-
heating tochnology specific to conditions in Mongolis;

(e) Recommendations on the choice of equipment for plants for the local
manufacture of devices for, in particular, wind-driven water pumps and soler
units.




Figure VII.
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III. ACHIKVEMENT OF IMMEDIATE OBJECTIVES

A. BEstablishing modern design and testing procedures for prototypes

On the basis of scientific and technological research, proposals were
formulated for the establishment of pilot prototypes, including:

(a) A wind-drives water pump of type TWN-CA0-0.5-2.0 (MWE Research
Ingtitutc and workshop);

(b) A wind-driven water pump of type JSA-0.5 (research by
Nr. Jamjansharav, Livestock Research Institute);

(c) Solar units for heating water and dwellings (research by Mr. Khaltay,
IPT); '

{d) Solar cells and batteries (research by the Laboratory of Solid
Physics, IPT).

Modern design procedures were adopted for producing pilot prototypes,
including the following basic stages:

{a) Elaboration of technicel requirements (responsibility: research
institute and customer);

(b) Elsboration of preliminary technical documentation (responsibility:
Special Constructior Bureau had to be established on recommendation by inter-
national consultants);

(c) Elaboration of final technical documentation (responsibility:
Special Construction Bureau). (The preliminsry and final project documentation
is recommended in accordance with the requirements of the Standard on United
Systea of Constructor Documentation as adopted in the USSR.);

(d) Production of first pilot prototypes at local institute workshops.
(Futore production to be at a special oxpori-ontgl plant being designed.)

B. Training s team of engineers in design analysis and the
construction of prototypes ’

Arrangements were made for the further training abroad of seven Mongolian
specialists. In addition, on-the-spot training of national personnel was
conducted through:

(a) Consultations in the field on the technical requirements of pilot
prototypes;

(b) Assistance in becoming acqueinted with existing standards for
constructor and design documentation and in choosing standards appropriaste
to local conditions;

(c) Consultations snd seminars on the preliminary end final project
documentation for TWN=CA0-0.5-2.0 and JSA-0.5 pumps, XYY-1 aggregates, solar
devices for beating water and houses, and solar elements and batteries;

(d) Consultations on modern prototype testing procedurss and on the use
of advanced instrumentstion in measuring wind snd soler energy;




(e) Consultations on advanced technological processes being used in the
production of similar prototypes abroad;

(f) Workshoos on international information services offering
publications and catalogues on industrial equipment and scientific research
work;

(g) Consultations on the application of computer hardware and software
in data information processing;

(h) workshops on the use of computer techmiques in designing pilot
prototypes and processing test results;

(i) Consultations on pilot prototypes on view at the "Invention and
Rationalization-84" exhibition.

C. Cresting an information system

It is planned to create a national information system (collection and
retrieval) to link sll activities related to the design, construction and
testing of prototypes, particularly in the field of new and renewable sources
of energy, within the Centre of Scientific and Technological Information
(CSTI). The initial stage of the system has already been established. Other
services will include the provision of dats on industrial catalogues, publi-
cations and journals; scientific and research work; and patents. The order in
which the various services are listed shows the sequence of the information
system's projected development. In accordance with recommendations of the
SCST, which is responsible for national information services, the development
of & National Information System for Industrisl Catalogues has been selected
as the next stage. Through this system, research institutes and Government
sgencies involved in developing prototypes, in industrial planning and in
developing the economy of Mongolia will be provided with data and background
information on the equipment, research and scientific work required for
preparing and implementing innovative industrial programmes.

D. Comprehensive programme for strengthening national capsbilities
in modern design and techmological analysis

Proposals for strengthening nstional technological design and analysis
capabilities include:

fa) Establishing an experimental design office (Constructor Bureau) for
the elaboration of design ard comstructor documextation;

(b) Applying existing standerds for comstructor documentation, for
example, those of the United System of Comstructor Documentation; :

(c) Establishing a unit for introducing, installing and mastering
experimental prototypes;

(d) Establishing experimental units for the local production of test
prototypes of TWN-0.5-0.2 and JSA-0.5 pumps; XYY-1 wind-energy sggregstes; and
solar devices for hesting water and houses;

{(e) BEstablishing a workshop on the local production of solar elements
snd batteries, in accordance with the preliminary technicel documentation of
the IPT (Academy of Science).




To reslize these objectives, the project docwmeat for the secoad phase
of the project, MON/81/1T01, has been prepared ia accordance with a protocol
concerning $US 80,000 in assistance from the United Nations through its systea
for financing science and techmology for development.
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IV. UTILIZATION OF PROJECT RESULIS

Nodern methods and measursment iastrumeats were used to test the pilot
prototypes of TWN-CY0-0.542.0 and JSA-0.5 pwmps, XYY-1 wind-energy aggregates,
solar devices for heatiang water and dwelliags, solar elements and solar
batteries. Om the basis of the positive results from these tests, it was
decided on local trial productioa of 150 JSA-0.5 pwmps (to start in 1985)
and 20 TWN-CY0-0.542.0 pumps (also to start im 1985). It was also decided
to elabora‘e techmical docwmentation for the local productioa of wind-driven
water-pump aggregates, solar devices for water and air hesting, solar cells
and batteries.

The results from testing the TWN-CY0-0.5-2.0 pumps showed how improvements
could be made to parts such as the piston pwmp, the pump festening the bottom
valve and the pump filter. Similer improvements were mede on the JSA-0.5 pumps.
A filter framework has beea developed for these pumps, whick prevents the bottom
valve trom touchiag the bottom during assembly. Noreover, filter material caa
be stretched around the framework to preveat timy, foreiga particles from get-
tiag into the pmip. The installatioa iastructioms will stress that the filter
framework msst sot touch the bottom. Spare-part kits for the pwmps will coatais
s set of uimple keys that will be ssfficieat for iastalliag and repairiag them
and even for changing beerings wora owt after several years of hard use.

Pilot prototypes of the TWN-CY0-0.542.0 sre providing water to a pig-
breediag farm at South-Cobi and a test site at Bajandelger. At the present
time, the aspplication of these, and JSA-0.5 pumps, is most fessidble in the
spring, summer and autusm. Winter use requires additional testing and the
developaent of solutions to the problem of freezing wells. The MWE Research
Institute, among others, is tackling this problea.

The positive test results from the first solar units for water- and
air-hesting also indicsted where improvements could be made. The experience
geined is being used to elaborste technical documentation for pilot solar
houses, greenhouses and solar baths. Testing the first national pilot proto-
types of solar elements and bstteries provided an opportunity to investigate
and improve nationsl msnufacturing technology and to upgrade the efficiency of
solar elements from 9.5 to 13 per ceant by 1986 for monocrystal silicon and from
3.5 to 7 per cent for tape silicon. The project recommendations regarding the
local production of soler elements and batteries could be applied effectively
if: (a) the equipment ordered earlier, but still outstanding, could be deliv-
ered as soon ss possible; and (b) technical documentation were to be prepsared
detailing the local manufacture of solar elements with annual capscity of 130 kW
(in sccordance with the terms of the feasibility study).
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V. FINDINGS

Agriculture, in particular livestock, is the most importamt branch of
Boagolia's economy. It determimes basic scientific research ia the couatry,
as well as the desiga, production and testing of the first prototypes ia the
couatry aimed at stiliziag aew and remewsble sources of energy, includiag wind
and solar emergy. Analysis of water, solar and wind resoucces shows that
Boagolia has favourable comditions for using wind and solar energy. The price
of water taken from a low arat-made well by means of a small, wind-driven pump
is calculated at 0.83-1.17 tughriks/m3, taking an annuel average wind speed
of 3-4 m/s. This is less thamn any other calculated alternative in Mongolia.
Using deep-bore wells and diesel-drivea pumping stations, the price of one
cubic metre of water is sbout three times as high.

Mobile photovoltaic systems, with capacities iam the range of 0.2 to 10 V,
are the most coaveaieat aad efficieant power supply for radio receivers, tele-
vision sets and lamps - all of which help to improve the liviag conditions of
Homgolia®s scattered, nomadic stockdreeders. To improve livestock breeding and
‘the stockbreeders® living and workiag comditions, the first Moagoliaa proto-
types were established withia the framework of the project. These included:
TWN-CY0-0.542.0 and JSA-0.5 pwmps; XYY-1 wind-energy sggregates; solar devices
for heatiag water and houses; and solar elements and batteries with capacities
from 0.2 to 10 V.

The TWN-CY0-0.5+2.0 and JSA-0.5 pumps could be used in spring, summer and
autwmn. Winter use would require further improvements. The pumping devices
remain wnfrozen as long as well and water tanks do not freeze; howsver, they
will break if the latter freeze. It is better, therefore, to start by using
TWN-CY0-0.5+2.0 and JSA-0.5 pumps from spring to autumm in the south of the
country and to develop, step-by-step, reliable systems for winter use in the
north where temperstures can drop as low as 40 °C and ground frost is deep
because there is little snow. Proposals have been developed in the MWE
Research Institute, in co-operation with Soviet research institutes, to
prevent vital water supplies from freezing. However, more research is needed
in this esrea and on testing wind-driven pumps using some form of anti-freeze.

Test results of the firsc pilot solar units for heating water and houses
show that the mein subsystems (solar collectors, accimulators and dubbing
devices) have a sstisfactory capacity for work. Before practicsl application,
howsver, these prototypes require additional testing (as part of testing on a
50 m2 solar house that is currently being designed). A project document
entitled "Strengthening technological base of heat-physic laboratory of
Institute of Physic Technology of the MPR for development of helio-energy
technology in continental climatic conditions of the MPR” was elaborated to
intensify this research and hasten its introduction into the economy.

The technology elaborated in IPT for manufacturing solsr elements and
solar batteries with 0.5+10 V capacity can be used in developing the local
production of solar photovoltaic systems (in accordance with the feasibility
study end preliminary project documentation). It requires, however, the supply
of modern technologicel equipment and treining in its use. The project docu-
ment "Development of photovoltaic technology on the base of researches of the
IPT” wes prepared as the second phase of project MON/73/006, "Demonstration of
new sources of emergy in rursl development”, to provide the sdditional tech-
nicsl assistance needed from the United Nationms.
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The information system at the CSTII helped to find the data ancessary to
make appropriate techaical decisioas during the esteblishment phase of the
pilot prototypes. The main feature of this system is that copies of original
industrial catalogues, articles or reports, based on esmalysis of short, biblio-
graphical descriptions compiled with the help of computers, can be supplied, as
an additional service, to Mongolian consumers. BRven mow, copies of industrial
catalogue originals exist on microfiche at CSTI.

The existing technological base at the Livestock Research Institute can be
used for the trial production of 150 JSA-0.5 pumps. Likewise, the existing
equipment and personnel at the MWE workshop can be used for the trial produc-
tion of 20 TWN-CY0-0.5+2.0 pumps. NMoangolian-made steel tanks with volumes of
3 =3 and a heating stove are suitable for both types of pumps. Industrial
production of JSA-0.5 prototypes could be started in co-operation with the
Finnish development company and with Soviet suppliers of steel tools and
machines. Industrial production of TWN-CY0-0.5+42.0 pumps should preferably be
established in co-operationm with the Soviet Usioa as the technological base.
Relevant designs are curreatly being developed by the Novosibirsk division of
the All-Union State Design and Research Iastitute of the USSR.

Finally, the establishment of the first pilot prototypes has pointed to
the necessity to strengthen national capabilities in modern design and techmo-
logicsel snalysis in order to realize the complete cycle: research > design >
pilot prototypes > testing > local trial production > locsl imdustrial
production.






