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The Backasround

1. In the framework of a series of group study “ouss {0 the People’s
Hepublic of China iz varicus subjects, the Covermmeut of the Peoplefs
Republic of China and UNIDO agreed to organize jointly a Zrour study
tour in the field of medium and small-scale hydro power plants. 3asic

cozsideraticas that led %o ihis project were <the following:

¢
2. Energy is a key factor for industrialization aad ihe power plants
Y

play the largest role in supplying energy for industity and for the other

needs of the povulation. Tespite the fact that elecirical vower is the
biggest scurce of energy used for indusirial purposes and illumination,
many develoving couniries are still unable to provide the minimum dower
supply. This is mainly iue to the inahility of the resctective couniries
of utilizing their local resocurces for power sezneration, the unawareness
of the potential of local resources, the lack of invesimant capital, as
well as the lack of necezsary infrastructure includinz trassmission
facilities. Anotner reason for the shortaze of power sugdly iz +he
developing countries is the uravailability of qualified te~snnical
sonnel to tnild new facilities and to onerate and majlntain the existing

power plants and the related facilities.

1. In the phase of the increase of 21l prices zad the unavailadility

of certain raw materials locall +he develonirs .ountries have +o lack
Y >

for alternative local sources f:r zower trocuction.



estazlish withiz a certain cerizd
barTiers or other reascns, the estatlishment of

ar
not practicatle, and the nmecium and especially small-scalz power

c
Jlamts bYecome one of the best means Jor eleciriciiy sroductinz.

P

S. In case of remote areas, and wioere small rivers or suitatle
szmall flowiis water resources are avalilatle, 2me 2f “he ~shean
means of power precuction are the mezium or small-scale hyiro Sower
plante. These are especially suitable whe: a cocniirmcous and even flow

of water is available.

6. I% was the common understandins of toth the Covermment of the
People’s Remublic of Ckina and UNIDO that the former disposes of
excellent facilities and hizghly cualified specialis®s to demonsirale

the develctment, innovation and urogress in this field.

7. The aim of the study tour was io familiarize senior perscanel
employed with govermmental or semi-goverzmental orgenizations in
selected developing countries and enwaged in comstraction, operation
and meiztenance especially of hydro power plants with the respective
scenario iz the People's Remublic of Chira, %2 visit significant
Dertinent facilities there, ito study the Chinese experience, to acguire
f2irst-1and information and, last btut not least, to exchanse wiews wiih
their Chinese peers. Thms the study tour should asgsist the particisants
to contritute to ovcrcoming the shortage of power supply in their home
country particularly on the local ard provizncial level ©y means of

medinm and small-scale hydro power plan*s.

8. Or vekalf of the Geovrrrment of the Pecple’'s Recudlic 2f China *re
Ministry of Water Conservancy was entrusted with <the local orzanization

of the study tour.

Time und ProgzTamaas

G, The studz tour took placea from 14 May ithrcuzh 2 Juze 1679.

b
10. The programme included wisits to selected medium ani small-scale
nydiro vawer plants, ir-igation sysitems, nyiro zower sculiment mamu-

facturing slantz and, for zomparison's szka, 2 thermal dower station.
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11. The prog-amme was rounded off Ly cuitural elsments.

12. Porther detailis can be seen from Arnnex 1.

13, 0Qf the 15 selected candidates from 15 dereloping couniries
13 participated iz the programme; <the selscled candidates from

Bangladesh and Ghana withdrew ai the las® zimvte so that they could

20%* be replaced dy stand-by candidates.

14. With a view to the increasing importacce that energy gaias in
the scome of USIDO's activities, one representative of ‘he Centre for
Naiural Rescurces, Znergy ani Transportation (7¥RET) of the United
Nations i Yew York and one of t%:ie Ecomomic aad Social Cermisgsicn for
Asia and the Pacific (ESCAP) in Bangkok were >ffered Sy UNITC the
opportunity to participate in the study tour at their orgzanization's
cost, which was accepted. UNIDO itsel? was represenied =y iwo Senior
Indnstrial Development Officers, one of ithem restonsitle Tor techrical

aspects of energy and ome for iraining.

19. The pa~ticipants proper were _lected jointly Tty ithe Goverument
of the People’s Republic of China and TNLC.

Ve

16. PFarther de<ails can be seen in Annex II.

The Orzanizaticn

17. During *he entire duration the study tour was accompanied and
taker care of by two representatives of the Ministry of Water Cor-
servancy who also acted as interpreters. At all stages, %e it on
province, county, Jeople’s communes or plant level, the gzroup was
received by competant senior officials and specialists. The dis-
tance Zeijing (Peking) - Guangzbou (Cantor) a2zd dewn 45 the Pearl
River delta was coverd by traizn, coach or ferry boails; the way

back %o 3Beijing via Shanghai Ty plane.

Machnical AsDects

‘8. Prom a technical viewpoint 2s well as under consideratiscn of
the social and econcmic situation in the People's Republic of Chin

at the time when the construction of medium and zmall-scale hydrs-




strategic considerations, it appears that tlhe gigantic efforis having

teen made iz +his field were fully justified. The results achieved so

far are ~emavkable and can serve as good exzmples to many other develcping

10, The fcilowing figures demcnsirate the development in this in the
of

s -
People's Repub;;c China since the liberation (i.e. 194G).

¥amber of medium and small-scale hydro tower dlants:

sefore 1949 26
1378 86,500

Total installed capacity:

before 1949 2,000 kw
1978 5,000 mw

20. Today, between {0 :nd 3¥% of the needed eleciricity iz rural areas

are procduced by medium and small-scale hydrr power plants.

21. In this connexion the administrative structure of the People's
Republic of China seems to be important, In rough terms it is organized
as follows: Nation - Province - County - Feople's (Commune - Freduction
Brigade ~ Production Umit. I%¢ is a principle that the responsibdility for
and the utilization of hydro power staticans are with the administrative
body that was responsible for the errection of the station. Iam other
words, a station erected on county level is managed and wtilized by that

county. As a matter of facy, most of the hydro power plants visited were

Tan by counties. During their erection, certain suppert (mainly 4echnical

is provided by the Province, while the Ministry of Water Corservancy may
give financizl support up to 2 certain (relatively low) percentage of the

total cost.

22. The entire system or networi: of hycro power stztions in the People’s
Republic of China has the following order of priorities: Irrizaticn -
electric powrr generation - navigation (where applicatle) - fishery or
fisb breeding (where applicable) - environment protection - recreation

(w4nere applicabdle).

Y

)




Tue fact that irrigation (understandably) is given priarity over power

-
]

gereration contributes considerably o a widely observed znderatilization
of installed capacities. However, it was exiremely interesting 1o coserve
how consequently practically all given chances offered Ty zature have
been utilized for both major purposes and what ccompromises were found
between the two major priorities. 3Beyond that it was highly impressive
to see how preconditicns were artificially created where they were not
provided by nature. This became particularly siriking during the visit
tc the Red Flag Canal system.

21, The average installed capacity resultiag from the above mentioned
figures would be below 80 kw per puwer plant. This is clearly in the
range of what is called mini or even "haby" hydro power plants. In the
prograzme of the study tour, however, only very few of such little units
wers included which was quite in line with the title under which %the
study tour was organized, namely, mecrum and smail-scale 2ydro power
plants. The average installed capacity of the hydrec power dlants visited
was somewhere between 200 and 400 kxw with a oumber of bigger and a few

smaller ones.

24. The TNIIC stu-v [a visited the followd Counties and arojects
ing aros

+hereir:

Linxiang Coanty -~ Honan Province

. . a/ . .
This county covers an area of ! mill. m -/ with 2 population of
780,000. PFour seasonal rivers run through it. Parm land: 03C0,C0C mu

of which 600,000 is irrigated. 15 communes.

2/ 1m = 0.07 ha or 0.17 acre

15 mu = 1 ha; 6 m = 1 acre
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The first mini aydraulic power station was built in {95! wi*h a capacity

of 15 kw for lighting and graiz processing.

The most interesting project in this county (and perhaps in all China)
was +he Red Flag Canal, comstrucied between 1960 and 1968 in the Taihang

Mountains <o lead ithe water of +the Changho River iato the county.

The main 4runk canal is 70 kn lozg, 8 m wide and 4.2 = deep with a flow
e m’/s. With its three main branch canals and its wide ramification

througzhout ‘he couzty the system nas a total length of about 1,500 km.

More than 70C siructures of various kinds were btuil?t within this
irrigation sysiem. These include 134 turnels (24 km), 150 aquaducts
(6.5 km) ard a pumber of reservoirs and dams of various sizes, The
estimated earth and stone removed amounted to 4 x 106 cubic meters and
the work was estimated ai J.5 x 106 man daye. Upon completicn of the
total system the i:rigated area increased.from 1,200 mu %o &30,000 mu,
the underground water table increased by 2 40 2 m in 10 years, szasonmal
rivers now lave water all yezr round {hus increasing scope for fuzther
mini~hydro development. 3efcre the canal was tuili, the county pur-
chased 10,000 tons of food grain per year from the State, now it sells

30,000 tons per year to the State.

The grain produciion per mu increasel from S50 ks tc 300 kz; iz 1968 oaly
10 sr.all mini hydraniic power stations of a total capacity of 400 kw
were existing, while in 1979 there are 83 stations with 135 units and a
total capacity of 17,000 kw. The largsst unit is 1,600 kw, the smallest
one 5 lkw.

Alurg the canal itself &4 mini hydraulic power stations were built with
a total capacity of 11,000 kw. In 1578 electricity consumpticn was
68 x 106 xuh (average per capita: 87 kwh) of which 68.5% came from

mini hydraulic power statiouns.
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Jydraulic Power Stations Visited

(1) Station No. 2 of the Red Flaz Canal

Consisting of 3 unit: each with:
Capacity 320 xw; 400 v; r.p.m. 5C0; cos.¥ = 0.8.
R
Q=12.2-3.82"/3; b = 10 -~ 30 m; r.p.m. = 375 - £00.

(2) ZXancun Commune Mini Sydranlic Power Station

This power stations is under constmction; it consisis of two units
and will be extended bty a third one.

Capacity 100 kw; 6,300 v; r.p.m. = 1,800; cos.'P= 0.8.

Q= 2.2 m3/s; 2= 60.5 a.

(3) Hongying No. 1 Erdraulic Power Stationm

Thig hydraulic power station is the first onme construcied i Linxiang
County; it uses water coming from Branch Yo. 1 of the Red Flag Canal.
™o units of 1,250 kw capacity each, 600 r.p.m., 0.8 cos. ‘f and

6.3 kv; ore ‘ransformer of 3,200 kva, (step up 6.3/35 kv).

Q=17.6 m3/s; h = 3.7

Working hours/year = 6,000.

Yo. of workers:

3 shifts x 6 workers = 18 workers

+ f¢r mainteaance 9 "
+ for cleaning 9 "
Total: 36 workers

(4) Huanghna Hydranlic Power Stations

These powsr stations use mountain str-eams wnich are collected in a

3

sto e capacity. The water flowy through
rag N

3

reservoir of 1 milliocn m
a 2 ¥m canal intc a second reservoir of 820 m” capacity andi then

through two peanstocks into two amini nydraulic power statiops:




Yo. 1 = One uni%t 100 kw; @ = Q.135 mz/s; h = 4195 =a.

Yo. 2 = Tec units 200 <w each; @ = 0.4€7 a”/s; 1 = 145 =.
Two step-up transfommers 2 x 240 v, $.435 7.

Type of “ucbines used : Peliom.

30th power stations wers commissioned in 1§78.

(5) Cascade Mini Eydraulic Power Staticns

One of *he most ixteresting zini hydraulic power siations visited was
4 cascade of 23 staiions along a 7 @ irrigatior carmal with a total
installed capacity of 1,085 kw. The one visited has *he follcwrg
characteristics:

Capaciiy 40 kw: Q = 1 m3/s; h =4 a.

Hengdonz County - Hunan Province

42 commnes with a populatior of 520,00Q0; 520,0C0 mu of farm land in a
territory of 3.2 mill. mm. Anmal ouiput: 140 x 106 kwn. 66% of the

Brigades ure elecirified.

(1) Ya.nztgg’ Turbine Power and Turbine Pumping Station

This power station is located on th; Mi River and is a mulitiple purpose
project for irrigaticn, power generation and navigaticn. IV comsists
of a dam 260 o long ard 7.8 m high ard has an overflow secticn with 43
anto-controlled gates. It has a power plant on each side of ithe dam
and 3 turoine-pump seis by which power f{rom turbines is used direc*ly

to pump irrigation water on higher levels. Some details:

Tarbine Power Sets:

Right side . 4 units x 257 kw capacity; ‘urbines: ¢ = 6.8 ms/s, h =5 a,
Left side : 6 units x 1,50C kw capacity; turtinec: Q = 40 ml/s, k=5 a.
Total anmual working hours = 4,334 hours.

Total annual generated power = 431.37 x 106 kwh.

Annﬁal ‘ransportation capacity on the river = 400,00C tons.




Tarhize Puap Sets:
Discharge of pumps = 3.4 mB/s.

Pamp nead left bank = 36.5 m; rizht dank = 20.5 =,

(2) Gangxi - Turbine Power and Turbine Pumpinz Station

This station is congtructed down stream of the Mi River and is used
also for irrigation, pcwer generaticn and aavization.
I¢ consists of:
(a) A dam 438 @ long a4 18 m high of masonry comitrvciion and has
an overflow section with 17 gates;
(b) an irrigation canal of 210 km;
(¢) turbine power sets:
10 umits of 1,250 kw each, Q = 16 @°/s, b = 10.5 m.
total anmal working hours = §,150: *otal anmal
generated power = 76.8 x iOs wh.

-(d) Turbine Pump Sets:

Right side Q = 2.41 m°/s, h = 36.5 m;
Left side Q = 3.15 m3/s, h = 41.5 m.
(e) Ship lock: 4C0.000 ton/yea.r transmission capacity.

The Mi River in this County:

Total length = 82.5 lom;

slope = 1 x 2,500; water drop = 33 m;

max. Q = 5,320 m3/s; min., Q = 72 m3/s;

anrual averags Q = 247 o ’s.

It is planned to install unmtil 1985, 4 low head turbine-pump-power
stations which will irrigate 180,000 .t of farm lard and dispose o,
an installed czpacity of 44.5 nw.




¥ini Fydranlic Power Statiors Tigisted

(1) Dage Power Stazion

Two .ni%s, 125 kw apd 120 kw capaciiy, 2 = 18 a.

(2) Chawanz Power Station

QOne =ni+, 40 kW, caracizy, h = 20 =; Q@ = 0.3C =7/s.

(3) Shizan Power Station

One uznit, 5 low capaci%y, o = 10 =, Q = 0.08 mj/s.
In this county there are abvont 20 mini hydraulic power stations wiih

a capaciiy below 10 kw each.

Conzima County - Guanzzou (Cantosz) Province

In this county the Liuxihi River is the main water resocurce. It runs
113 km within the county. The territory is 3 »ill., mu of wnich
240,000 mm is farm lard for a population of 360,0C0. The hydrc power
potential is 85,000 kw of which 65,000 kw are already utilized, whnile
20,000 w will be developed during the next I ysars. 14,000 oY the
65,000 xw ut’lized are geaerated by mini hydraulic power stations of
wnich 80% are connected to the grid. The unit capacity of these mini
wydranlic power stations rapge from 5 kw to 150 kw. The annuzl 4otal
Z+nerated power in 4he county is 9.6 x 106 tun. G6% of <he Producticn
Brigades are electrified.

dse of Weod and Concrete in Hydranlic Power Stations

Between 1950 and 1960 the people of thisg county used rmnners and pen-
stocks up to a diameter ¢f 30 cm made of wood, and after thzt they

also used concrete for ranners and penstocks.
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duxi Dam and Hydraulic Power Station

This project comsists of:
(+) in zrch dam, 25C o long, 78 = 2igh with a seservoir 120 = 105
m3 storage capacity.
(2) A divergemt tunnel, 2 km lcrg, 6 a diameter, lined with concrete

(4.5 @ imtermal diamter,.
(s) An earth dam, 220 m long, 29.5 = high.

(4) in undergrmund hydranlic power station, 27 m high, 44 m lorng,
17 1 yide, witk 4 units of 10.5 mw eack. It nas a substation
raising voliage from 10.5 kv %0 110 kv by two step—up irans-
formers of 311,500 kva each.

Q = 12.96 2°/s; & = 97.5 a.

The project is also used for izrigation, flood comtrol and fish

breeding. The copstruciion started in 1956 azd the first unii was

ingtalled ir 1958.

Total ammma. power generatad = 150 x 106 Xwh.

Parts of <he power gitation equipmant are imported from thae Soviet Union.

Wuzhi Mountuin Mini Hydraulic Power Station System

It consists of four mini hydranlic power stations using water frem a
3

Tegervoir of one million m~ -of water collected from mountain streams
in an area with an ammual precipitation of 1,900 mm. The total water
head is 393 a.
The project was started in 1970; so far the following stations exisgi:
tation ¥o. 1: 2 unita, 200 kw each, h = 80 z, total G = ..7 a°/s.
Station Yo. 2: 3} units, 200 %w each, h = 120 m, total @ = 0.3 mz/s.
Station No. 3: 2 uniis, 360 kw each, h = 181 m, total Q = 0.8 @°/s.

! wnit, 200 kw, b = 170 @, § = 0.161 n°/s.
Station No. 4: 1 wnit, 15 kw, 2 = S @, Q = 0.4 n3/s.
Total installed capaciiy: 1,335 low.
Anmual utilization workinz hours : 2,000.
Total anmial generated power : 3.87 x 106 Iewk .




Some Technical Details of One cuf of Pive Fur+her Stations Tisited

on the Liuxi River

S units, 160 kw each, Francis *urbines, h = 4.2 2, § = 5.7 mz/s,

50 hz, 400 vw.

Two of the units are comnected with a sted>-ur (10 7) transformer of
560 kra capacity; the other ithree uniis are connected with a step-u?

(10 kr) transformer of 610 kva capacity.

The Tianho Dam andé its Mini Hydraulic Power Stations

The reservoir has a storage capacity of 10.4 x 106 m3 of water used
for the irrigation of 15,000 mu of farm land.

There are f{wo power stations:

Station No. 1: 2 units, 160 kw each, 400 v, SO hz, 1,000 r.p.a.;
Tarbize: h = 26 @, total Q = 1.5 m/s.

Station No. 2: 3 units, 320 kw each, 40C v, SO hz; turbines: h = 98 =,
total Q = 1.2 m3/s.

Xini County, Guangzhou Pro&&nce

The population of the’ccunty is 780,000; out of 2.4 mic mu territory,
750,000 m: are farm land, 750,000 mcuntains aad 9C0,CC0 water. The
county lies deep in the south of the Chinese main land already in the
tropic belt, forming part of the Pearl River delta region. [he total
nydro power potential is with 17,000 kw {of which 12,800 kw develored
so far) rather low. Electricity supply is about 100%; anmual con-
sumption is 35 x 106 kwh (mainly from grid) which allows only for about
45 xwh per capita.

The Gudou Yountain System

The Gudou Mountain lies in the south-west region of the Xinhui County.
Its highest peak is 1,000 m above sea level. It covers an arsa of
405,000 mu. This area is rich in water resources. The desigzn work

of the project Yegan in 1970 and was completed within six mornths time.




So far the local peovle have consiiucted 11 reservoirs {0 accumlzte
42,000 m3 of water from the rain fall over am area of abeut 1C0,CCO mu.
Today they are running altogether 29 uniis in 19 small hydro Jower
stations with a total installed capacity of $,261 kw. The tail race
water is further used to water 75,000 m of farm and garden laad and
45,000 mu of forests. The entire system is mun by two pecples’

communes.

Some Teschnical Details

Maximum unit size: 1,000 kw
Minimum unit size: 84 kw
Maximum watzr head: 225 o
Minimm water head: 6.5 m
Shanghai

Creater Shanghai with more than 12 million inhabitants the larges:
city of China and said to be the largest in the world was visited

on the way back to Peking. More for comparison sake, the ¥irhang
thermal power plant was visited. The total installed capaciiy is

248 mw produced by both medium (98 aw) and hizh (250 mw) “emperature
units, the maximum unit size being 125 mw. The plant dispcses of six
boilers and 8 transformers (maximum size of the latter 180 mva). The
fuel is mainly crude oil and partly heavy oil. The specific fuel

(o}
consumption is 241 g/kcl/kwh. Power generation in 1978 was 2.5 x 107 kwh.
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Obgervations 2nd Jeocommendations made v ire Fars

-~y R

P. Adhikari

25. It has been evidexnt by the tovr that the Pecple's Rerublic of Chirna
has hastily completed its firs:t phase infra-struciural development and
is steadily entering the second, mors advanced sizage. Fer continued
development of this kind dre consideration should te given ¢ the fol-
lowings:

Many of +he counties have developed mosi of <heir mzini nydrs
votential. Iz some couniies power is supplied tirough a larger grid.

In some municipalities (like Shanghai) there is acuite shortage of supply.
Review and overall planning of the emergy situation at this point of
{time may be considered.

Most counties have 2 mumber of power statiions and nave their own
power grid. The installed capaciiy of power stations wiih single or
miltiple units vary from 5 kw to about 12,000 kw. The standard unit
sizes are 5, 15, 40, 100, 125, 160, 252, 1,0C0, 1,250, 1,500 aad
1,000 kilowatts. )

The county grids are also comnected to other county and province
grids.

Prom the operation point of view, maintazinizg constant voliage and
frequency in the system will present a protlem which shall iancrease with
an increasing number of stations. To overcome isola%ion of {the statiorn,
more attention to operation probiems may be beneficial for fuiure
developments.

The small projects are built and owned by Production Teams, Pro-

duction Brigades, People's Communes and Counties independently.
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The plamnned capacity is achieved by iastalliing several uxniis in
one station. The specific cutput is therefore rednced, >roblems ia
synchironisation between the units and with the gTid also exist. The

plamning of larger units in future may be comsidered.

P, Anik

28. 1% was observed that the mini hydsoelactric jower plants on
gountailcus streams vere set up without any knowledge about the water
regime (i.e. without any prior water mea.mirements being carried sut).
Therefore, since the amount of energy to be gererated had not, at the
outset, been exactly determined, the hydroelectric potemtial is given
as installed capacity (kw) rather than as kwh. Ia order that the
operating regime of mini hydroelectric power plants may bte correctly
estabiished, periodical flow measuremerts are suggested to be per-
formed at the diversion works of plants in operation. If the water
regime of the stream was known it wounld not only be possible <o in-
c=sas:® subgequently the installed capacity ot a plant, but its firm
power could also be determined. In the ca.e also of new hydroelecizic
plants proposad ¢o be set up, water measurements should at least GLe
mads during one dry season, and by way of correlation on the basiz of
figures available reflecting the water measursment data of adjacer’
rivers or streams, the regime of the stream carn tius be establ”

by approximation. Once the water regime is kxown, it would %k
possible to determine the economical installei capacity of aini
hydroelectric planta vwith greater zocuracy.

Concrete lined conveyance canals obvicusly zeed maimtenance and
repair at frequent intervals, as could be seen in the Codou mountain.
Although the masonry canals of the Reu Plag Canal System e.z. were of
older structure, they were in a better comdition.

Considering that reservoir levels were low (some close %c <he
mizimum operating level), and that there were dams wiih leakages, it
is suggested that the dams should be locked into fr.i a safety view-
point and the necsssary precautiozs taken.




.
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In most of *he hydrcelieciric plaxzts visited 1t was ctserved that

3 - . < 4 b -~ < - - ~— <& .
neither of tie units was rminnizg at fzll capaciiy. I ostite of water

shortage *he ~=ascn for this was fhat a gTeat mumter of Jorebays of
the power plants were spillizng water.
& r s

b

3y erectiing . large muaber ¢f small units in ike zower plants,
there happens %o be a 4rop in overall efficiency. The izmstallation
of a single turbine cavable of generzting fimm power and ezerzy, tle
seneration of secondary energy in <times of atundant {low %y usizs a
second unit and keeping it on s2and-hy when the siream flow is low,
would not cnly recalt in .an efficiency but alsc secure an eccrnemy ina
initial finmancing. PFurthermore there can te a fossitility of gen-
erating peaking power with the second uni*.

In the People's Republic of China, the hydroelectric potential
07 an area is always aiven iz iow. What is sizmificant in tais C~especs
is the quantity of total energy. The depencabie capaciiy is Jar more
important than the aggregate installed capaciiy. With these figures
unkmown, ,it will a0t only be impessible %o ascertzain wkether or not
the energy requirements are met, tut there will alsc te no means of
working out a daily and armmual operatioral plan for the Dower 3laxis
in keeping with %the curves of energy demands, According %o the iafor-
mation provided, 3y impression was that the mizi power plants were
unforfunateiy cperated in a haphazard way. The reason fcr'th;s con-
clusion is the following: '

There is need for investigating the load flow in the 315 kv»
transmission and digiribtution system. There was no evidence whnetler
or not the active power generated in ithe plants (if load flow was
not situdied) had reached the stage actually provided for in the desiza.
Although cesWin units is foreseen as 0.8, it was otserved that this
figure was not reached in any power plant, and that it dropped on the
wnole to 0.5, whersas in certain plants it was found to be 0.5. Under
these circumstances, it was impossible tc make use ¢of the maximum Dpower

woich the plants could actually generate.




IZ the small system were linked :c the inter-cormmecied network, il
would be necessary %o study “he load flow, otherwise there woull e
10 possitility of emsuring ilhe séability ef +the systeum, unless aizi
hyd=o power plants are operated as compensatiors. Freca Ihls stand-
soiat, even if he system were spall, it wuld %e necessasy 1o study
the load flow in the sysiem comected to ithe nini hydroeleciric pewer
plants, and detsarmine the generators' power factor according %o iz

study of load flew in connection to %the system.

As leng as no precanticns are taken 0 keep ths reactive power
at a level foreseen in the designs, it would be impossible {o cperate

the energy iransmission and distritution system in a stable way.

In the explanations given (nring the Zivst meeting held in Peking
10 billion xun of energy wa3 allaged ic have been generaited wiih
3,200,0G0 kw instailed capecity by the end of 1978. The value of this
energy producttisn is or average ecuivalent to 2,000 operaiing houcss.
Thess 2,000 hours/year is a low figure. Should measures be taker to
minimize the reactive power generation it will be possible to increase
the energy generation from 10 to 13-15 billion kwk with the same
installed capacity. Under these circumstances, and with a view %o
neeting the ever increasing energy demand, higzhly ecoromical advran-
tages could be secured tharcugh delaying the consti-iction of new power

plants by a number of years.

The zamufacturing technology of electro-mechanical ecuipment for
power plants, the coocling of turbines and generators as well as tlze
meters on boards can well be discussed. But, the failare of implementing
the advanced %technology for keeping the cost of electro-mechanical
equipment of mini hydroelectric power plants low ©y way of mamfacturing
them locally zay 9e dwelt upon as a policy, and it would therefore De

preferable that discussions on this particular issue be dispensed wiih,
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27. Iz spite of the Chinese people’s larze experiszce 11 wuiliing and

exploitation of hydraulic powsr statioms, ithere are siill some hizis <
Ye considered, observed during sur tours.

Many of 4the power stations visited lack aeasuring insgimunents sguck
as lcad izdicators, Jower factor iadicaiers, etc,

In some power stations one fizds measturing instruments wolicsh eithar
do not furcion or <hey indicate incorTect Talues. Thals stould De over-
ceme gy naving dapaged instruments repaired or zew ones installed, sizce
otviously any worker in the power station w2ll z=et care at all akout
the value of readings and their effects if he is aware thz’ repair is 2ot
teing -carried cut and that precise indicating instruments are not teing
insgtalled.

In maxny hydraulic power stations visited, it was obvisus ihat =zarcy
small genmerating units have been iastalled in the same Tower acuse.

Now since Chizna is seeking improved technology and tae test efficiency,
I suppose they should plan tc change small gen rati=g uniis in power
stations for a few larger units and use the Xaplar turdize with flexitle
blades, which is convenient for damsg with different water level durizz
flocd and irrigation periods.

Building so aany mini aydranlic power stations bas given the Chizese
pecple much experience in multi-purpose exploitaticn and utilisation of
water rescurces. '

My impression was that the Chinese pecple adkbere %o ike principle
of maintaining indepenience and keepinz the inidtiative ia their own
hands, relying on their own efforts, strmzgling na-d and Tuilding thei:x

countsy through diligence and fr ity.
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¥. Diursvié

28. It nad beer noticed that buildings fcr kydro plants were Tuill
400 large in size. It might be possihie *o accommodate the same
machines in smallier Tuildiags.

Tlectsic generators are over—dimensioned in size as well as in
minbers. More care should be givern to the selection of zenera ors,
in order to have the best duration curve.

I+t would be very useful to apply tae same sizes of generalors
as weall as turdines throughout the People's Republic of China.

As far as production of electric gemerators is concerzed Turther
_avrovement of design as well as technology should be undertaken.

A .arge specific loss (6w/kg), a bad cut of laminations as well as
an improper use of magnetic material (in plates) was cbserved.

Transtormers are overdimensioned. Wilh an adequate selection
of units, losses would te reduced. 3By considerizg the mumber of
transforaers in a network system this could result in a significant
reduction of cornstant losses.

Transformers below 1 mva do mot have Zucholch reley. This limit
should be brought lower (600 kva).

Heating of electrical machines as well as control devices were
observed %o be high bearinz in mind that machi.es were working far
bclow the full load. Cooling of machines should be improved by
means of a better design and comstructior work. One should not
sugge:st further investizaticns imto water cooling systems of small
hydro generators. This method should be investigated in the field
of turbo generators. Water cooling of %ransformers should be
designed on a completely diflerent basis. Cavitation is scricus;
one should pay more attention ia trying to zwvoid it.

To obtain more informatior on utilisation of mini hydro plants
further measurements are required. Permanent measurements of appro-

priate electric quantities ars required in order to cbtain lead flow,
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A suggestion o tTry *o use energy locally generated by aini
power planmts should “e put forward; if this is achieved, losses can
be reduced. At the same time investment ccst in ‘ransmission and/or
listritution lines wculd te reduced. Very small ~ower zlants, such
as 15 kxw, should not be conrected to any zrid.

Too many voltage levels were observed. Such a variety cf wvolitazes
should be avoided (6.3, 10.5, 38 kv), studies should be undertaken <o
replace all of them %y ore, for example 20 kv wiich would ideally sumit
the needs for rural areas.

It has been observed that the load factor often is bad. ZEven
0.5 was recorded. This meant that more attemtion to the power facior
should be paid.

It would be good to maks further observations of the water flow
with 3 view to install new units in already existing statioms, thus
making "the best f£ii" for the duration curvs.

Losses iz _ines migzht te rednced by means of better construction
and crafts wark.

‘ H. Gaerlan

29. China as a2 whole does not have a natiomal integrated zrid, but
isolated ones in provinces. Thess isolated grids encompass the small
and medium hydro plants systems. With the new movement of China o
modernize and undergzo massive incustrialization, a national grid with
ia.rge power plants is necessary. Therefore, the fulloxrj.ng suzgestions
are nade:

The eall and medium size hydro plant systems are momuments of
the efforts of the Chinese people and shonld not be abandoned in the
event of interconnection with the giant grids. However, when the
situation arises that izlerconnection becomes necessary the faul+t-
level of the system at the particular point of comnection would
tremendously increase beyond the interrupting capacity of the
existing power circuit breakers. This means a replacement of the
existing ones by others with higher ratings, which is a very ex-

pensive solutionm.




I+ is sazgested thersfore that series reactors be instalied at <he

point of comnection with walues low eacugh not o affect %the 7Tollage
regulation of the quality of supply, tat high encugh to maiaxtaia the
origziral value of the fanli-level within tolerable limiils.

I+ is noted that the 15 kw nominal voltage level systems ars not
effectively grouaded. This means that no line-ground fault relaying
is possible. The imternatiomal observations states that 8% of fanlts

are of line-to-gm=vund nature. Alsc, ferro-rssonance phenomena snall bte
Prevalent when the large grid is estiblished. It is suggested there-
faore, that effective grounding be warranted by the usage of grounding

transfarmers or impedance coils wvhose values ars based on technical
studies.

With the establishment of the national grid or large regioral
grids it is almost sure that stability proovlems, fault probleas,
abnormal voltage waves due to switching or lightirg phenomena, anc
weak system charactsristics shall arise. I am very sure that power
systems engineers in Peking or Shanghai are capable of solving them,
however, the staff at county levels may not be sufficienily trained
to do so. It is suggested therefore that county engineers %e famil-
iarised with such technologies and remedisl measures and be allowed to
use computer programmes Prepared oy experienced sysiem engineers.
Computers should be installed at prefeciure level for county engineers’
use.

Load dispatch and comtrols based on interzational standards
should be imtrodnced to the Wx.-ean personnel at courty levels.

Protective relaying schemes which are intermationally accepted
should be adopted.

Efficiency improvements for equipment and installation are

necessary to maximize the usage of water, materials and human rescurces.




P, Mortaverde—Zubiran

30. I see nmany advantages in the way 12 wiich <ke Chinese have

develcped their areas:

The installation of small aydro power plants ig applied iz

-

wnat I would like %o call complimentar, form givTizc

9v sricrity

<t

im-

P

%o the agricultural aspect (irrigatior;, tut almest equ
portance to Tower gZemeration.

Siance the Chinese people hzve donre all the work ‘hamselves
they treat their stations very careftlly and cctaia as much
benefit from them as ihey can.

The use of suitable reservoirs for fish bYreeding provides an
excellent source of high protein fcod.

The way in which reforestation is done provides the counmiry
With rain and avoids erosion.

The hydro power station system is a great rchool for the
fature Chinese generations (as it was for the participants of <he
study to.r).

The Chinese applied “heir own technologies (vervy simple ones),
labour force and materials.

The produced energy is used to assist azriculture (e.z. by tze
production of fertilizers or agriculiural machinery), and also for
the production of egquipment for the hydro tower stations.

Bio—gas is produced from organic wastes.

There is hardly any envirooment pollution in cornexion with or
caused by small hydro power plants.

Bettar security measures should be developed particularly in
installations of high voltage and one standard voliaze for distri-
buticn should be introduced.




S. Yiekoov

11, There are some remarks <o de made on the electrs-mechanical

equipment and civil-tachnical struciures. MYost c¢f them are :crovatly

well ‘iown Yy the Chinese experts, hcwever, in drief some may e

surmarised here.

Improvessr: of the efficiency of {the eleciro~-mechanical egquitment
could be realised in the second phase of developing mini hydro power

plants Ty

Application of Yetter casting methods for runner 2lades and finer
tolerance to reduce surface rouchness. This will also reduce cavitaticn
problems; using relative simple methods to reduce clearings a2t ~otor
bearings. The mumber of standardized turvine-generator sets could be
ad justed to0 meet the siie conditions so that this will help reducing
cost. Applicaticn of general standards all cver China is very important.
The space in the power houses in relation 4o the installed capaciiies

could be reduced in some cases.

A. Oseni

32. The Chinese hydro power plants canro® be studied iz isolation.
They are closely linked with the country's irrization programme. The
small and medium scale hydro projects were primarily developed feor
agriculture, The mode of overation of most of the hydro plants is
dewtermined by the irrigzation regquirements. There was hardiy aay free
space of land that was not clanted with one tyve of focd crop or the
other. Every piece of land was well irrigated and made suitable for
agzriculture. Socme plots were being used for three crops 2 year while
others were for two crops a yaar.

I+ was clear from discussions that the hydro develovment pro
were primarily for irrization ard that irrigation recuirements siill
dictated the mode of operation of the hylro electric plants. Since
this mode of operation may not satisfactorily meet the eleciric power
requirements of the consumers, i+ will %e advisasle to have alterna-
tive or supplementary sources of power in the form of fairly larze
thermal plants whether at provincial or couniy level (Tut not at
cormm:ne lavel). The power plants should be connected to the zriu %o

fead down *c the commune and other lower administrative lavels,
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13, China has made tremendous efforts in the construction of small hydro
power stations iz the catchement areas of her major rivers. These
utilities have veen linked with hydranlic projects alsc of medium

and small size which. in great number ind with notable efforts, have

been consiructed on thnese rivers.

The technology used is local and of predominently artisan character;
they have beer in accordance with the Dossibility of beinzg implemented
by the pouwulations of the areas where the utilities have been located.

Although the principle object of the established hydraulic works
has been the augmentation of arable land, ihe use of the water was in
the majority of cases harmonised between agricultural and energy demands.

The small and medium scale hydro power stations have been inte—
grated into eleciric systems supplying cextres of important charges and
great consumption the electric demands of which are additionzlly covered
by bigger power stations. This has, nevertheless, already raised the
cuestion whether it is foreseeabl: where the difficult probtlems of
electric gtability will come up.

In the eleciric stations visited a type of operation was found
organised accoriirg to standards of common use as well as a permanent
delivery register, 1In the majority of cases no systeans of inte:comf
munication between the power and despatch staticns were found. This
indicates the type of operation essentially based on ithe power stations.

It is important +o emphasize the formulation of global plans
(master plans) for the hydraulic developmeats iz wnich studias and
future utilisation of water resources are considered.

The possibili<y of stardardisation of the equipment used should be
examined.

At the same time it might be advisable 4o increase the technological
capacity of the personnel in charge of the projects and installations

of the small hydro power stations.




Y. Rizk

4. It is of prime importance that Zuring the . x% shase oF develorcment
of amini power stations the Jsllowing zeneral remarks e aken inic
consideration:

Jizhly cualified teams of experts of Jifferent specialisation
s’iculd examine all comsiruc<ed schemes and zut their recommerncdaticns
:'or improvement of certain defects so as %o drinz the whol2 system %o
higher standards. The present system wiih such improvements can cover
increased demands for a2 zumber ¢f years 1o come.

Zxchsnge of experts and know-now with foreign mamfactursers of

wate. turbine< and generators would “e useful. It is worth mentioning

in this coxtex: that a iz mumber c¢f such pa=~=facturers will 2e interested

to invest substantial amounts in this field., A standardisation of the
whole system will bring the aznit cost of the ingstalled capacity to a
minismam.

The harmornizatinn between agriculiure ancd electric developrent
co.trivuted sudstantially *o the accelerated growth of the znational
econcmy. To enable the guick .mplementation of the small and medium
gize hydro sower scheme3s one must e independent from any overseas ar
international’ scurces.. The team worl ver<ormed b& eacn courty, starting
from the prorulsive masses nearly fully independent from the central
Covermment, was a unique and succesgsful example.

The @ow-how and the experience gained bty *he substantial mumter
of workers and farmers in the rural a:eaﬁ who are respcer “ble for the
installation of these hydro stations can be considered as an excellent
training programmas for the fuiure development of such schemes besides
the psycliological effects of these power stations being under the eyes

and touch of the entire populaition all over the riral areas.
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J.*®. Rola Pereira

35, My suggestion is confined %o a single aspect of zeneral order
although with muliiple incidences. Ii regards the recommencation that
new projects of medium and small-scale hydro power plantis will in fuiure
se studied not just on account of the immediate znd local needs, the
technology and the means available in small regicns - 25 I fuess it has
Deen done up 1o now for ihe reasons we had the opportuniiy to cerfecily
understani - otut it is imperatiive to start siudyizg them under wider
views, iz space ani time, taking into consideration their integraiion

in the development plans for irdustrialisation and elecirificaticn, set
us 3% medium term plans for large regions.

I guess the Chinese amthorities are already well aware of this need,
tut to carsy it ocut involves aspects closely connected with the political
and social owganisation of the Nation that necessarily has to zc
throuzh a contimuous evolution, ir synchrenization with the ecoromical
development itself.

With the same purpose, I think it would be of the utmost importance
to laurch a large %raining programme %o which UNIDO cculd make 2 very
valuable contribution by providing skilled experts for the setting up
of zeneral plans and designs of multi-purdose hydro schemes ac well as
in designs for hydroelectric power plants, *o ve included in those plans.

Also of the uimost imporitance will be to develop the mamufacturing
ef equipment for such power planfs, creating, through vast areas, great
and modern industrial units using the most updated technology. As for
this aspect, it is %o be referred that a2 great dezl of the technology
delay we have found in the medium and small scale hydro power plantis is
due, in my opinion, to the lack of equipnient other itno~ of regicmal mamu-
facture, I think that UNIDO, in this sector, could zlso drovide an
extremely valuable collaboration to China, not cnly training experts
needed for the industrizl units, but als> advising contacis to de made
with experis from oiner countries capable of workins out standard pro-
jects of such units and participatinz in the installation and start-up

of the production.
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2. So

16. Yatural resources vlanned for zaximum develorment.
I+ was obviocus that all projects. visited had been planned tc zake maxigum
use of ihe natural rescurces irrespective of eccnomical justificatioz or
capital investments. This is dae %o the surplus of labour and lack of
natural rescurces. Peasibility studies of resources or other aliernatives
of development are less important in these areas.

Local problems in develovment could be achieved by simple technology.
Prom the history of many projects visisted it appeared that they lacked
both proper material for coustruction and technology at the beginning
stage. All the materials were collected frcm the local rescurces, such
as stones, bricks, wood etc. Many projects have been completed by simple
methods and equipment. This resulted in savings of time and foreign
currency.

The comtinatiorn of small hvdro power projects to other developments.
The most popular combination of the small hydro-power projects <c oiher
developments in China is the combination of eleciric development schemes
with irrigation plans.

D.S. Taware

37. Af%er seeing many mini hydro power statioms it was noticed that the
range of sanmfacture of the generating units is rathex limited in as
such as the units of standard ratings of 12 kw, 55 kw, 100 kw, 125 ‘tw,
250 kw, 320 kw and 500 kw were uged. There were few units of 1,250 kw,
this might have been found necessary by the Pecplers Republic of China
in order to cope up with mass-prodmction programmes coupled with t.ae
need to mamfacture different sizes of units according {o individnal site
conditions.

It appears that perhaps because of the approach regarding stan-
dardisation of unit sizes, the capacity of units at certain installatioms
is in excess of the power that could be ueveloped, ie. at certain places
units are oversized. Such an inference has been drawnm as the zToup
during the study tour observed that at many locations the actual ous-

puts from the units in operation were much less tnan the plate ratizg.




T4 was often ohserved that whenever the instz’laiion iz a power station
comprised more than two units, one of the units waz zot ia operation
presumably because ‘he same might have been considered as "stand-by".
The above observations ¢f the group were discussed with the authorities
of the People’s Republic of China during ‘he summary concludiag session
after the tour. The PRC authorities, however, clarified that under-
utilisation of the capacity was due tc low water conditions in certain
cases while in otner cases the full development as pDer the unl<timate plan
has not beer achieved. Also, it was stated that the capacity of the
installations has been fixsed taking &1l the above aspects into accoant
and to ensure that, ir dus course, it could de frlly utilised.

The generation voltage except for higher units of 500 kw and above
was 400 v. The voltage is then stepped up to 6,00 v, 10,000 v, or
35 000 v depending upon the quantum of power and the digtance over which
the power is <o be transmitted.

The local areas are served by forazing county level grids and by
inter—connection with province or state grid at )5 kv at required
locations. The People’s RBepublic of Chinua has the experience that the
people in remcte arsas could bde better served by this arrangement
rather than by constructing big power stations some digtance swmsy and
connecting these by long and unrelisble transmission lines.

In regard to the operating problems in comnexion witl quality of
power supply in as much as poor voliage and “requency regulations were
concerned, the group was informed that these problems do exist because
of the existing syvtem »f operation of the mini hydro power stations.
The People’s Republic of China however, is taking steps to improwve the
quality of mapply in rural areas by sugmenting sub-gtations' capacities
and improving the existing arrangeaents wherever necessary.

At times, the problem of mstching the generation with loads be—
comes 80 acute that tney have to resort to "load shedding” or sometimes
tripping of non—essential feeders.




It was alsc observed that mini hydro power stations were develoved in
conjunction with irrigation, navigation and fishery develovment and <he
sost of head works, i... storages, were zaizly allocated to irrigzaticz
works, while only the cost rela.i:ing to the power house anc equipment
were considered under power.

We were also informed that the cost of labour during comstruciion
was not considered as investment. Despite this, the constrrciion cost
of mini hydro power stations is of the order of Yuzans 800 - 1,000/ «w.

It was also observed that the provisions iz the power houses were
of the bare ainimum. In many power stations permanent arrangements
regarding power kouse cTanes, devatering pumps etc. were not made. The
main generating squipment was of a very simple nature.

411 the equipment for the mini hydro power stations was mammfactured
in China and was of the conventional designs, i.e. vertical or horizonmtal
shaft arrangements, and no installation was foupnd with bulds or tubmlar
turbines for the small units installed on canal drops.

The project constrmnction, i.e. constrnction of power house omnildings,
colonies, rocads etc., was very impressive.

In general, 1 gathered the impression that lonsiderations of eéo-
nomics were not so vital in minie hydro project comstzuction and we were
informed that all these were based -o existing needs.

Every county was endeavouring to become self-sufficient and pos-
sesses 3 small factory which could mamufacture the equipment and repair
the same.

The equipment mamufacture is done at three different levels, viz.
(i) county level, (ii) province level and (iii) state level. Gererally
the mamfacturing of anits up to 500 kw is done at county level accor-
ding to the needs of tre particular county, and the standard of mamu-
facture may not be the same from one county to ancther. The mamu-
facturing of large units of S00 kw and above is standardardised by the
Tientsion Institute of Designm under the Ministry of Industrial Machine
Building and all the detailed engineering drawings are carried ocut and
issued by this institute to the counties. The actual product, however,

di'fers from county to county as the teciniques used are different.
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8. About 70% of Yepal's poTulation's accommodaticn is sittated in the
hills, *hey are agriculiurists and aisc domesticate animals. 3Some areas
are densly porulated whareas others are sparsely porulated. Ivery hcuse-
hoid has $-7 family members and 4-5 heads of catile, 2igs amd fowls.
Their enerzy requiremeznts are mostly domestic, such as fire-wood wnich
they ootain from nearoy forests.

Due to an increased demand for agriculture land, the forests are
depleting and the rural population is gradually facing difficulties
gmeeting their fuel requirements. ¥o coal or ¢il rescurces zave as yaf
been explored. Kerosene is imported and dane to the ron-stable supply,
the farmers are faced with difficuliies.

Hydro power potentials are immense, raral hill areasg have an inm-
merable mumber of peripheral streams suitadble for hydro-pcwer develcp-
ment. Limestone quarries are fourd in most of the willages, these could
bé used for the mamufacture of chemical fertilisers. Everz housensld
has sufficient organic wastes for :the produotiion of bio-gas for meetirng
their own needs,

Due to lack of suitable education facilities as well as job ctror-
tunities, the young pecple from rural areas are contimously tryizg to
move to urban areas. The present Govermment has laid great stress on
the development of substitute énergy resources for rural communities
through a combination development of mini hydro power stations and bioc-
gas plants.

In view of the above general vack-ground, this UNIDC study %our 4o
China has been of great interest from the view point of ocur country.

P. Anik

9. Inspired by the experience gained durirng the study tour tarocugh the
People's Republic of China I wonld say that the electrifica*ion of miral
areas in Turkey (and in similar ccuntries wnere the use of taid labecur

is imperative) might well be possible providing the views suzgested helow
were adopted as a policy by the State.
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The mumber of towns arnd villages presently in T-rkey is nearly
40,000. Administrative depariments, district centres and major sat-
districts are now entirely provided with elecirical erergy.

The mumber of villages where electrical energy was made available
oy way =f aini-hydroelectiric power plants or transmission ilines from the
inter-connected system by the ead o 1978 was 13,000. The supply of
electrical enerzy %o 5,000 villages per anrmum has been taken into account
in the yearly tudget programmes. According to the State Plamning QOr-
Zanisation's schedule, all villages iz Turkey will be provided wi<h
electrical energy by ‘he end of 1983. However, in ihe personal opizion
of the writer of this repcrt there would still be a possidility of
setting up mini hydro eleciric planmts if the suggested soluZion were
considered. Although wide areas are expected to be irrigater, no State
wauld zive preference to the taking care of farmland and pastures in
this respect. Ais in the Chinese example, if a solution is sought to
the problem of tmilding mini hydro electric plants for generating elsc-
trical energy and at the =ame time irrigating small farmland arcd pas-

tures, minor streams could be developed ints a state capable of serving
malti-purposes.

Although inofficially descriﬁed, hydro eleciric rower plants whose
installed capacities go up to 2,000 kw are considered as mini-power
plants, and those whose installed capacities wvary between 2,CC0 and
. 20,000 kv are classified as medium—-gcale power plants in Turkey.

According to the unit prices prevailing in Turkey, mini hydro
electric power plants are found not to e feasitle whea compared wiih
the cost of transmission lines or other types of power plants. If,
howsver, the genstation of electrical emergy is supplemented also by
irrigation {rom water sources, mini hydro electric power plants,
subject to the following conditions, may then prove toc be econcmical.

Should the State accept the principle of allocating the invest-
ments of the storage reservoirs (or diversi.n stractures) and *he con-
veyance system at the headrace and tailrace of the powerhouse, as well
as those expenses which are to be incurred for access road building to
the irrigation works, and if it further espouses the policy of not re-
funding the invesimernis destined for the irrigation of farmland, mini-

hydroelectric power plants may then turm out Lo be feasible.




Under such circumstances, the cost of mini-nydroelectric power planis
would include solely the costs of penstocks, powerhouse, swiichyard
area construction and eleciro-mechanical ecuipment. On %‘he o*her haxnd,
there would te a saving in cement, reinforcement vars, in the usage of
timber forms through the utilisation, 1f possibdle, of local materials
in the construction of a mumber of structures, let alozne the income <o
he gecured <o local people recruited as labourers as a resuld of the
constiucticn being of the masonry iyve.

Not only would this suggested solution emable villages or zroups
of villages 4o be supplied with electrical enerzy, btut help irrigate
farmlands and pastures thereby supplementing to a wide extent as con-
trimtary factor to the wellbeing of the rural population.

!.

40. After this study tour, I have to aduit that I feel very encouraged
to give more attentior to many water resocurces existing in ry country,
mainly in the north—east part of Syria which is not utilized yet for
either power generation nor for irrigation. .

The water precipitation in this area reaches 1,700 mm/yea: and the
preliminary study shows that many small and medium hydraulic power
_stations can be installed to generate about 47u x 105 kwh Der year and
the possible iastalled capacity can be arcund 257 mw in total.

I think the Minisiry of Elsciricity in Syria mizht benefit very
guch from the Chinese experiencr through comtractual relations or
through Govermmental contacts to utilize the whole water rescurces

available in my county with up~to-date advanced technology.
M. Djurovié

41. The study tour has shown that energy probvlems might be solved very
usefully by means of small power plants, particularly if construction

work as well as running of them is based on self-reliance of the peovle
who use t1e energy. At the same ‘ime this has shown that peodle can Te

technologically educated by letting them do 21l the work on such projects.
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The use of @ini power plants should be encouraged and cne can
think of obtaining better .turbines and generators for small heads and
sizes. This can even be recommended as a topic to very well xnown
mamfacturers all arcund the world. It is hard to imagine hcw such
energy might Se generated in the world using China's approach in mizl
sower stations. It seems that this might nct be the only way of
getting emergy in developing countries, btut a supplemeatary way (o

provide energy even in highly developed counxiries.

E. Gaerlan

42. In this study tour I have noted that China at county level had
planned and implemented the tapping of small and medium size hydro
energy potentials for irrigation and electricity supply, no matiter how
small the capacity may be. The total appears reascnatbly largze from the
view point of oy country whick consists of 7,000 islands and in which
irrigation and eleciric systems' development is most needed. There are
at least ten large islands densely populated with sufficient electric
supply and operating on isolated grids, while the rest of the islands
do not have this.

With these observations, the Philippines should go ixto a crask
programne of 2ini hydro plant development. This will not only provide
electricity for toes people in the small islands, + could serve %o
promote inmtercomnection by submarine cables with the rpational grid when
economically feasible. I firmly believe that the people on these small
islands should enjoy the same rights and privileges, comfort and lumry

as those in the cities or large municipalities.

P. Monteverde-Zubiran

43. The installation of small hydro power plants should always form
part of the integrated development of a zone or region.

Af%er this visit, the programmes that we have throughout Latin
imerica to install small hydro power plants will change in their conterxt
80 *that the project should include:

(a) An important local allocation in “erms of labour force and
materials;

(v) possibilities for agricultural development;

(¢) direct contributions in kind by the interested country
(e.g. vehicles, technicians, premises);

(4) assistance from countries with experience iz “he installationand
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operation of small hydro power stations such as China,
Nepal, etc.
Man is able %0 reach imagined zoals when he rezlly wants ic .

+ is an absolute necessity to launch a great programme Ior the
installation and fabrication of such small hydro power dlants for the
future development of Latin America.

The mechanical system of pump power stations (turbines plus pumps)
We shall accelerate ocur programme iz the field of bio-gas after

having seen such systems in operation.

44. The development of rural areas has to be tased as mmch as possible
on existing natural resources (including human). This could be done
gradually so that the local population can absorb the knowledge offered
and transform it into activities, which have %o result ir productivity.

The guidance and aid of the Govermment is of essential importance
in order to reach a harmonious development and {7 make use of latent : ‘
possibilities. L

Concerning application of technologies the technical schools and
4echnical faculties of cur university could make an essential contri-~
bution. In this context there is useful information regarding simple
appropriate techaclogies which can e2sily be collected from abroad {for
instance, "Stichting Tool™, Amsterdam, Netherlands). Motivaiion of the
population is of essential importance.

A good development might be reached in he construction of simple
(tut reliable) micro hydro power stations by mearningful application of
appropriate technologies.

In the realisation of hydro power stations in rural areas it seems
to me possible to make use of electro-mechanical equipment made in the
People's Republic of China. 1This is in general simple in construction;
the efficiency may be somewhat lower than the one of that produced in
the "Western" countries, but the possibilities for maintenance and
repair would correspond more to the level of local technologies.

The production of hio-gas seems to be a possibility of "aliernative
enerzy (fuel) production” in Suriname which is worthwhile studying. The
tasic materials are present and the climatic conditions seem to be

reasonable.




A. Qseni

45. One cutstanding feature of the whole project levelopmext was the
aunderlying principle of self-effor: and self-reliance. This principle
has made i+ possible t5 achieve zuch within a relatively short <ime.

This is a principle that should be encouraged iz ocur country. This
may be started with the National Ycuth Service Corps programme which is
aow operating ia our counmtry. Ia this programme, all university and
technical college graduates have to give one year's compulsory service
to the Govermment. These gradnates may be used on national development
projects.

The hydro plants visited showed that with simple machines and con-
trol equipment it was pcossible to comstruct hydro power statioms at
reasonably low cost. This should serve as an enccuragement to us ia the
development of small hydro plants. It is possible with simple machines
+0 minimise the cost cof small hydro plants and make the project wviable.

The Chinese effort in the field of agriculiure is also woritky of
emulation. We should endeaveur %o develop all available land for agri-
cultural production. Large scale irrigation programmes whould be en-
couraged with planned control of {low of waler from reserveirs ratler
‘than depend on rainfall which may bYe unpredictable with respect %o time
and quantity. Planting and harvesting periods can be proverly and
reliably programmed with irrigation.

One other advantage of the study tour was ike opportunity of meeting
and exchanging views with experienced professionals from other couniries.

The discussions were found very useful.

E. Rendon Vascuez

46, The Chinese experience has veen developed in accordance wiih her
geographic, social, ecomomic and cultural reality. 3Sesides, the existence
of 2 certain iype of already given infra-siructure could be supposed,
Conseguently, there should be a pogsibility of transfer suitable for +he

adaptation of such experience to *he reality ¢f other countiries.




The value of the effor:s 9y which a pecple has solved their provlems oy
their own solutions is worth memtioning. This shonld serve as an example
+0 countries liks Peru to make use inmtensively of their own technologles
putting, where necessary, perserveruynce and courage ianto the soluilons.
With particular regard to the case of Peru we shall have o mextion
that we already have a very mmercus rural porulation disposing of
existing traditional experience in communal work including the so—called
Rural Communes, the inheritage of the empire of the Tncas. On the ather
band we believe that the egquipment of the power stations could de per-
fectly produced in the mmercus plants and workrhops existing ia our

country.

N.I. Rizk

47. As r~gards Egypt it is recommended that the same plamming of small
size hydro electric units in the extended system of irrization and drain-
age canals should be adopted to cover the rural eleciriciity demands

during the ccming years. This should be done in additicn to the planms
presently under execution which provide feeding rural areas from the main :
grid.

J.P. Rela Pereira

48. I% is of interest to draw a short parallel between the situation ina
Portugal and what we bad the chance to see in China and to refer the
benefits we could gather applicable to our case. '

Today,’ in Portugal, we dispose of a single electrical zrid covering
the whole country and interconnected with Europe at 220 kv and also at
400 kv from the end of 1979 onwards.

Heariy 60% of our hydro resorts are uader operation or in progress.
The remaining, of worse quality, will be exploited in accordance with
the results of the studies on the economic feasibility, considering the
cogst of the altermative solutions for electricity ge=neration.

In principle and generally speaking, the hydro developments %o be
erected will aim at reaching a capacity able ‘o meet the peak load con-
sumption of the interconnected grid in which they turm cut to be far
more economic than the altermative thermal sclutions, The erection of
hydro stations is therefore closely connected with the increase of ile

said peak of slectricity consumptions.




No small-scale hydro power plants were erected ia Puritugal siace
1960. The event of its futurs erection will exclusively depend on tihe
sconomic feasinility after taking intc acccunt the first investmentis
and exploitation expenditures, TYTet, we must admit that some of ithose
gower plants, 2ainly those which would be irfegrated in mlii-purpose
bydro schemes to De used for irrigation and water supply for inmdusirial
and urban rurposes, might be found <o be economical.

In view of what I have said, I have to conclude %hat, althcugh the
study tour has been axiremely imteresting and fruitful %o understand the
social and political evolution in China for the past years and to uander-
stand the process of elaboration of the first eleciricity generatinz
centres in small-scale hydro power plants irncluded in hydro schemes for
irrigation, I could not find any benefits directly applicable to similar
developments in Portugal. JNevertheless, the Electricidade die Portugal
cooperate with ioth Poftugaese and foreign entities, and here some of the
lessons learnt from the experience in China will certainly be very useful,
not only in what is to be done, tmt also in what is to be avoided. Among
those entities I shall menmtion the electricity generators of the small
islands of the'Portuguese archipelagos of Madeira and Azores iz the
Atlantic and the new Porituguese speaking independent countries in Africa,
such ag Cabo Verde, Guiné, S. Tomé e Principe, Angola and Mozambigue with
which Portuzal has been signing agreements for cooperation, technical

assistance and mutual aid.

®. So s

49. The procedure of development in China can be classified as a bottom~
up way. Projects are initiated by local amthorities or grcups of people,
and central organizations will be asked for help under particular cir-
cumstances. The eminence of this method is that the local pecple have
taken part from the beginning until the completion of the project. This
could be very useful in rural areas of my home countiry because the local
people would not only assist in the constriciion, Tut also enharnce the

development plan to meet the goalsg within a short time.




The second useful point from this tour is to simplify ‘he small
hydro power development as a common construciicn work rnich zan ve dene

in anmy place where ithe water is available. Iz the remote areas wnerse

a few kxilowaiis of elcx ricity are required the machines can consist of

simple *urbine—generator sets with a common water coumdzit and no expen-

ive antoma*ic Zovernor. This is very imporiant for develosping coun-—
tries wnere capital investment and technology are scarce, tut the remoze
areas to be develoved are mumercus.

The thixd point is that the development of small hydro stations is
not don= only for alectricity, tut should de plammed alorz with the oizer
projects, especially agricultural areas. It is obviocus thati temefit from
farm land is much more when surface water or ground water can te pumped
up for the farm land all year round. This point is very important tc my
home country because many small hydro power projects have been dropped
due to inadequate economic jusiification. Economic feasibility could be
met easily, if pumping systems for near-by farm land were added to power

Zeneration projects.

D.S. Taware

50. The geographical situation ian Iadfa, particularly in Maharashira,
and the general developmeat of the rural areas in the interior are very
similar én Chizna. 1 therefore feel that i is worthwhila that the State
Government considers a change in approach regarding generation and
supply of electric power in rural and remote places away from btig power

stations.

In Maharashira, large hydro power rescu-ces have been utilised
earlier and nothing appreciable can be developed in the future in the
form of big hydro projects in the comtext of allocation of waters of
major rivers like Krishna and Godavari. On the other nand, a massive
irrigation developmezt programme has been lannched and {thirteen major
projects are already under implementation. I%4 would be prudent that
the power potential of these gites be svaluated and developed.
According to a first evaluation, the potential of the thirteen sites
is estimated at 88,000 kw giving an annmual energzy genera%icn of £0-

mio kwh.




The energy generation, thcugh seasomal in many cases should not be
igznored since it will give relinf 40 the state power system tar-
ticularliy at {ines when the peak demand izcreases during the fair
weather secson.

It would also te worthwhile i{c investizate wkether mini iydro
plants could bYe installed om the irrigation canals at suziable
locations - at head works or along rivers whenever %4hers is a drop
which could be economically harnessed.

The operation and management of the small power s:tations could
be managed Yy irrigation maiztenance crews or by raral cooperative

societies which could be formed wherever zossible.

The study %tour as such

The composition of the study tour was very sood iz respect to both
qualification and homogeneity of the participants. The fact that
anart from the rapportecr three more UN officials accompanied ihe
study tour can be consideredi as an asset for totk this varticular
study tour and future activities of a similar nature and their co-

ordination.

Turing the first days a mumber of the participants expressed
their wish %o have the duration of the study tour shortered Ty a
couple of days. As a matter of fact two 2f the zarticipanis and
two of the UN officials left the group for urzent reasons before the

completion of the study tour.

With regard to the arrangemsnts of the intermational flights it
seems to be advisable that those responsible ia UNIDO route both the
non—convertible and the convertible lags of these flights nct only

under cost aspects, ot also with regard to their practical implementation.

The implementation of the study tour from both an oTganisasisnal/
administrative arnd a substantive view-point can be called excellent.
Por any future activity of this nature only two alteraticns mizht te
worth considering, namely, to shorten the curation oy two or %hree da7s
and to include a few more real miai or "baoy" hydrs power dlants. The
enrichmen*t of the programme by cultural/tcuristic 2ilements can be con-
sidered as well balanced having in mind the importance of the socio-
cultural environment in the Peosple's Repudlic of China as well as ire

fact that the tour brought with 1t extensive nizht travels.
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UNIDO Annex I
Industrial Operations Division
Training Section

GROUP STUDY TCGUR IN THE FIZLD CFP MEDIUM
AND SMALL-SCALE EYDRO-PCWER PLANTS

Programme

May, 14 Arrival in Beijing (Peking)
15 a. =, Programme introduction; first informatiomn on aini-
hydro power planta in China
p. M. Sightseeing in Beijing
evening ficial opening dinner pariy
16 Sightseeing in Beijing (continued)
17 Graat Wall and Underground Palace
erening Leaving Beijing for Anyang.by train
18 morning - From Anyang to Linxian County oy ccach
18 and 19 Visitsto the Red Flag Canal Project and related
power gtations
19 evening Leaving L;nxian via Anyang for Changsha by train
20 morming Arrival at Changsha; sightseeing programme;
programme discussion for the day to follow
21 To Hengdong County by coach
21 and 22 Visits to hydro power stations, a ‘urtine-pump

station and a hydro power sta<ion eguipment
manufacturer = Hengdong County

22 evening Leaving Hengdong County via Hengyang for Guangzhou
. (Canton) by train
2) mormning Arrival at Guangzhou;
afterncon Leaving Guangzhou for Conghua by coach;
evening Programme discussion at Conghua
24 Visi%ts to power stations in Conghua County
evening Return to Cuangzhou
25 a. m. Leanng Guanzaou for Xinhui
p. m. Prograrme introduction and discussiom




June,

26

8

30

1l

d.
p.
3.

P

evening

e
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Visit of hydro power stations and water reservoirs
an the Cogou mountain area

Return o Guangzhou

Free

Vigit of a generator factory
Sightseeing

Leaving Guangzhou for Shanghai by plane
Sightseeing in Shangai

7isi* ¢o thermo-power plant

Shanghai harbour (by boat)

Leaving Shanghai for 3eijing by plane
Interim report writing

Zvaluation seminar; closing of the programme
Departure of the participanis
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(1)

(3)

(4)

(5)

(6)

LM
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ANNEX 7

XEDITON- AND SMALL-SCALE HYDRO-POWER PLANTS
STUDY TCUR

China,

1979

List. of Porticipmnts '

ADEIXART Pumma Poasad
Superintending EZnginesr
Xinistry of dater and Power
NEPAL

ANIX Ferrub

Head, Design Departument

Tlectrical Power Rescurces Surveying
and Development Administration

TUX=Y

AYDIY Mansour

Power Flant Comstruction Director
Rlectricity fo JyTia

SYAId

BJUROVIC Momir

Sen. Resexzch Jomsultant
Institute for Technical Research
YOGOSLAVIA

¥atiooal Power Corporstianm
PILIPPINES

MONTEVERDE-ZUBIZAY Francisco
Technical Director
OLADGS

NIEXOOP Stephsnus Petrus Ragmond
Power Produciion Engineer
Ministry of Development

SURINAM

Qbservers

STANCZSCU Ion

Special Adviser

Centre for Natural Fesources,
Ene-gy and Transport (CNRET)
United Nations

Hew Tork

(8)

(9)

(10)

(1)

(12)

(13)

OSENT Ayuba itanda

Chief Zngineer

National X ectric Power Authorisy
JIC=RIA

EENNCR-74iSQUEZ Zdmundo

Director of Zlectrical Development
Ninisterio de Snergia 7 Yinos
PERU

ZIIX Naguib Ibrahim

Under~Secretacy of State

Head, Fydro-ZleciTic Projects
inistry of Tleeciric Power a.Znexg

CiTRO

BOLA-PEREIAA José

Asgzistant of General Manager
Rectricidade de Portugal
PORTUGAL

SORGPUNGS rhol

Director Invest.a.Plaming Tiv,
Yztional Energy Administration
THATLAXD

TAWARE Dattatraya Sakharam
Superintending Ingineer
Govermment ol Maharsshtra
INDIA

KAMZHT L. Pijis

Chief, Znergy Resources Seciicn
Natural Resources Divisicn
Economic Commission fsr Asia and
the Pacific (ESCAP)
3angkok,Tahiland
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Mr. Targ Shiwan

Cuangdong Province

Mr. Shen Tian

Mr. Zmu Zhikei

Shanzhai

¥r, Wang
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Tice Yinister cf Water Conservancy

Dezuty Direcicr of Water Projects
at Farmiand Devar‘mernt

Chief of Foreimm Lizison Div., Jervt.
of Foreim Affairs

Engineer of Water Projects at Farmlarnd
Department

Interpreter

Director of the Province Water Con-
gervancy zurean

Director of Linxian County Water Surean

Deruty Director of the Province Waler
Conservancy 3ureau

Director of Agriculiure Cffice of Hexgdong

County

Engineer of the County Water Zureau

Director of the Prcvince Water Con~
gervancy 2ureau

Engineer of the Province Water Con-
servancy Zureau

Deru4y Director of Zast China Power

Administration
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