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Preamble

Nothing in the world is softer and yielding than water,

Yet, in vanquishing the solid and rigid,
it has no equal,
while nothing can alter it.

That the week overcomesthe strong
and the supple; the stiff,
is something that everybody knows
but none would maintain himself.
Lao Tse

‘...Therefore, the gentle and soft isthat of a higher quality becauseit is
thelively, theflexible — such aswater - and the origin of all that lives.
Having mentioned water as an incarnation of the soft, the Yin, is
capable of conquering the hardest -the rock.

Karl Heinz—Pohl

The preliminary remarksto thistechnical handbook, based substantially on
mutual project experiences of the Chinese partners and BORDA, shall give
an intellectual impulseto thetheme ‘water economy’, explain theinte-
grated work concept of BORDA with its cooperation partners and show
that environmental technol ogies are essentially an elemental part of a
sustainable social development.

Themost important and decisive conditional natural development towards
the beginning of life on our planet, was probably the photosynthesis about
2 billion years (2 x 10° years) ago.

. L essthan 50,000 years ago, humans|earned to use potential energy
regenerated from biomass.

*  Thenextimportant step leading to asteady and continuous (sustain-
able) development was the capability of curing diseases and decreas-
ing mortality rates



. During thelast 150 years, population on earth increased from about
onebillion to morethan six billions. Everyday, the world’ s popul a-
tionisincreasing by approx. 200,000 people. This meansthat acity
in the size of Hangzhou in China or Munich in Germany, ought to be
built every week, an unimaginablethought if onewould only
consider the necessary additional infrastructure. Since thisisnot
possible, megacitieswould still grow. This phenomenon of vigorous
growth isnot only marked by thefast increase of global population,
but also by consumption of energy and natural resources, aswell as
by afast increasein knowledge and an expanding mobility depicted
through global communication and transport system.

Thevast mgjority of people havelittle, or no, sharein thisrapid devel op-
ment of recent history, while others can utilise the possibilities and
chances. The gap between poor and rich ceasel essly widens.

Mr. McNamara, former president of the World Bank, described poverty as
aliving condition, whichis so much characterised by malnutrition,
illiteracy, disease, infant mortality, and low life expectancy that it ranges
below all reasonabl e definitions of human dignity.

M odern and appropriate technologies, their transfers and knowledge, but
also appropriate politics, could offer chances and instrumentsto slowly
close the gap between poor and rich.

The founder of ITDG —International Technology Development Group —,
Ernst Friedrich Schumacher! , wasabl e to initiate anew development
concept ‘ Small isbeautiful’. His book was criticised by many.

F. Schumacher wanted more than just to make arhetoric contribution to the
solution of poverty in the south conducted with common methods. He was
searching for new possibilities and conceptions and was abl e to support
many small projects worldwide aiming at development of small and middle
enterprisesthrough appropriate technol ogies and self-help.

* A world-famous nongovernmental organisation based in London, which in the sixtiesmade
development, transfers and dissemination of appropriate technologiesits objective

There were many people who contested hisidea, beit out of amisinter-
preted ‘ techno-hostility’ or because of an outdated ideological way of
thinking. But there were al so many organisationsand initiativeswhich
further developed hisviewstechnically and scientifically. One of these



Poverty isone of thewor st causesfor pollution. Waste problems brought by mod-
ernisation should be addressed

organisationsis BORDA in Bremen with itsintegrated approach towards
improvement of living conditionsthrough use of technology in connection
with social programmes. These are for instance, dissemination of the
Hydraulic Ram, the biogas technology or the decentralised wastewater
treatment system DEWATS when integrated with housing programmes,
vocational training of marginalized young people, small credit schemes,
public health services and environmental protection and restoration
programmes. Rapid national and global developments confront BORDA'’s
team and its counterparts with the need of integrating technical compo-
nentsto implement socio-oriented programmesin the ‘ South’ but alsoin
‘western’ countries.

Therapidindustrialisation of many devel oping countries playsan particu-
larly important role. Industrialisation though fosters economic progress, it
creates devastating to catastrophic ecological circumstances. Industrial
wastewaters are being discharged without treatment into water sources
contaminating watersvaluablefor agriculture, cultivation and animal
production, aswell asfor apotable water supply of human settlements.
Paper millswould serve here best as an example dueto their possibly
decentralised locationsin underdevel oped regions. Thisindustry generates
important and additional income, but simultaneously causes awful damage
to the environment, especially through its aggressive sewage, known as
‘black-liquor’.
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Another big and often insufficiently contemplated problemis*waste
production’ and its demanded ecol ogical disposal. With agrowing
economy, industrial wasteisproduced in potentially large quantities. Like
wastewater, it represents a continuously growing threat to environment and
health. Nature, here rivers, become uncontrolled waste depots, very often
endured or even ignored by local governments dueto the urgently needed
revenues.

But through a managed waste separation and recycling or an appropriate
processing, waste could al so be utilised economically as valuableraw
material or for generation of commercial energy.

The complex problems of both, the supply to- and the disposal from global
industrialisation need to betreated in an ecol ogical ly-sensible manner and
be managed in away that peoplein the regions concerned can live free of
human-precipitated threats.

Especially during the last decades of the 20" century, it was established
that ahealthy and a peaceful society can not exist aslong asthe extreme
poverty and environmental damage prevail intheworld. Economic
development should not cometo astop, but it should consider the needs of
lifeand nature, beyond anational level, initsstrivetowardsaliving
environment worthy of living for the coming generations. Philippe Roch of
Swiss Department of the Environment remarked on the UNCED:

‘ The Conference of the United Nations for Environment and Devel opment -

UNCED -, which took placein Rio de Janeiro in June 1992, was an event
of avery special kind. After all, it brought together heads of Statesand
government officialsfromall over the world with delegatesfrom UN
organisationsand representatives of inter national organisationsand
nongover nmental organisations, NGOs, to the conferencetable.

The conference madedistinctly clear that environment, economic and
social development can not be considered anymor e as compl etely sepa-
rated fields. The declaration of Rio contains principlerulesto which States
haveto orientatetheir future decisionsand politics, and, at the sametime,
take into account ther eper cussi ons on soci 0-economic devel opment.

The Agenda 21, an extensive work programme for the 21 century, isa plan
for awor|dwide partner ship, which aims at accommodating the twofold
challenge of a high environmental quality and a sound economy for all
peopleonearth’.



Particularly water economy should nowadays be viewed in context of
human needs, industrial development and conservation of resources and
environment. It should berealised - and acted upon - that the potable water
distribution on earth is no more equable. A responsible partaking of all
social categories, as stakeholders and protectors of the environment, isthe
only guarantee of acontinuous supply with healthy and purewater. This
can be secured through socially just and ecol ogical national and interna-
tional politics.

Itisleft for us, for the new generation, to decide the future of our planet. We must
learn howto deal withit. - The main conceptional issue of the Agenda 21
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Socio-Political Background

1.1 Prospectsof water economicsand itssocial implicationsin
light of increased industrialisation and moder nisation

111
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Long-term utilisation of limited potable water resources in
light of the growing world population and increased water
consumption in agriculture and industry

In most industrial countries, peopletake for granted that the desired
guantity, or even more, of good, pure and healthy drinking water pours out
of thetap, when they turn it on. We even seldom realise the wonderful
natural cycle of water lying behind thisreality .

That with the help of solar heat, thislife preserving fresh water is con-
densed from the salty sea, and that the wind carries the water-bearing
cloudsover the land until they fall down againin the form of rain seeping
into the ground and returning through wells as fresh water to our taps.

Only very few people are really concerned about thislife-sustaining
element ‘water’. All over theworld, people go on reducing the limited and
ever decreasing quantity of water. Agriculture isclaiming more water to
feed the growing world population, industriesto put up its productivity.

Water actually isinexhaustible asit continuously regeneratesitself.
Consumers discharge their ‘used’ water, which is not simply polluted; but
partly chemically contaminated or even poisoned. In the age of industriali-
sation; our age, environmental sins against water are so tremendousthat, in
many cases, they are no more redeemable. A good half of the most
prevalent diseases in the world are caused by polluted water. Every year,
about 25 million people die because of this. 60% of them are children.
Diarrhoeais the most widespread fatal disease in this context. These are
environmental crimes, which we, or at the latest, our descendants will have
to dearly pay for.



The‘acid rain’ shall be mentioned here exemplary for environmental
crimes. Acid rain is caused by exhaust fumes, especially by emission of
sulphur and nitrogen oxides, which in the course of the natural cycle of
water combine with fresh water in the atmosphere and afterwards, across-
borders, destroy forests and turn rivers and lakes to dead waters. The
climate of Scandinaviain North Europe, which isfor example determined
by west winds, presently suffers an unsolvable ecological problem dueto
immense quantities of exhaust fumes from other countries. Similar
situations are known from the United States of America and from Canada,
where the problems are far more bigger and have magnified size.

And yet we all learned at school that especially theforest asareservoir —
resembling a sponge - isindispensablefor provision of water. Many people
consider theforest a sourcefor needed timber. In addition to that, for much
people, especially in devel oping countries, theforest isthe most important
source of energy. However, the users of thisraw material, have not just
begun their danger ous exploitation of this source. We all know the news
fromthe media regarding the villainous abuse of tropic rain forests. But
critical voiceswere also not born only recently. The Roman author Lucrez,
for example, wrote more than 2000 years: ‘ Day by day, the forests were
forced toretreat to the mountainsin order to give space for building-land
at the bottom.’

Water isinexhaustible, neverthelessit is constantly decreasing. It wasnot a
long time ago that the Egyptian Secretary of State for foreign affairs said:

‘The next war in our region will be waged for the water of the Nile and not
for palitics.’

The world knew eco-refugees at an earlier stage. One thinks for exampl e of
the Mongolian town Fatepur Sikri near the North Indian city of Agra,
which had to be abandoned by itsinhabitants earlier dueto the lack of
water. In East Africa, whole regions had to be deserted because thereis no
water and no rain anymore. The natural water cycle guarantees a certain
quantity of water in aspecific area. This meansthat the stock of water on
earth decreases in proportion to the increase of population. Today, fresh
water supply globally isround onethird lessthan in 1970 because the
world population hasincreased by 1.8 billion people. 26 countries on earth
with approximately 230 million inhabitants suffer already today water
shortage. Further countriesin Africa, Asiaand Europe will shortly follow.

In some countries, people tried to defer fresh water shortage for a short
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time by exploiting underground fossil water reserves. The so-called archaic
waters are possibly many thousand years old and can regenerate, only to a
small extend, through rain waters. These water reservoirs are being
exhausted just like oil springs. They represent a‘ deceiving’ temporary
water reservoir and only giveillusive security asthe following example
from Texas/ South Dakota proves.

Here are four impressive exampl es which demonstrate the importance of a
long-term water economy:

The*Green Revolution’ startedintheindustrial countriesduring theforties
of thelast century with theaimof increasing agricultural productivity and
to eliminate hunger. In Texas and South Dakota, thelarge underground
water reservoir inthe high planes wastapped. 30% of thetotal
groundwater used for irrigation in the USA came fromthis source. - In
1990, 24% - approx. 164 billion m2 - of the estimated existing water
quantity had already been expl oited. Pumping cost for irrigation constantly
increased and became mor e and mor e unpr ofitable, so that between 1974
and 1989 irrigated areasin Texasdeclined from2,4 millionto 1.6 million
hectares.

Sandra Postel from World Watch reports on a further problem which will
face mankind in the near future:

About 22% of the world population livein the People’ s Republic of China.
However, they have at their disposal only 8% of the world fresh water
resources. As such, problems and predicaments are predeter mined.
According to Sandra Postel, China’ sdilemmaisvisible especiallyinand
around Beijing andin large parts of the North Chinese lowland - a huge,
flat and fertilefarmland where a quarter of the Chinesegrain productionis
cultivated. Dueto the enormous fresh water demand of the mega city
Beijing, the groundwater level isannually sinking for morethan one metre.
Many of the underground springs have already run dry, the lack of water in
thisregionisobvious.

Theformer Soviet Unionirrigated cotton plantationsround the Baikal sea.
The economic resultswerefavourable. The ecological aftermath of this
ruinous exploitation isno morereparabletoday. A nightmare becametrue
here. Today big shipsarelyingin a sort of a desert -on dry sand- formerly
being the ground of the Baikal sea of which the surface awfully declined.
Fishermen at the shores of the lake had to migrate to other regions, and a



mechanised irrigated agricultureexisted therefor a short time, but had to
givewaytodryagriculture.

Alast example shall be givenfiguratively and abstract: 75% of the Saudi
Arabian population are supplied with fossil underground water today.

These exampl es should not create disparity, although we know that they
will entail great social and material changes for many peoplein the near
future. They are given herein order to encourage a cross-border coopera-
tion of ecologists, engineers, social scientistsand politicianstowardsan
environmentally sound and socially balanced water economy through use
of appropriate technologies. After all, asustainable provision of fresh water
from renewable water sourcesis concerned .

For along time, irrigation agriculture was regarded as the only promising
alternativein development cooperation as far asfood security inthe South
was concerned. This optimism has vanished. A result of the negative
practiceisthat irrigationisbeing gradually superseded by bigger measures
supply food donations.

The conclusion surely is consequential for many large-scale projectsif we
bear in mind, for example, that the former Soviet Union tried to change the
flow of big riverslike the Ob and the Jenessei, so they would carry waters
to the south instead of pouring in the Arctic Ocean. Let’ s hope that
ecological aspectswill prevent such huge projects, with there altering
affect on nature, from being realised.

In exchange for that, apart from the modest but successful attempts of
some civil society organisations, there is nobody to lobby for small farming
enterprises. At thispoint, the big, structure-changing governmental
measures should be addressed.

15



1.1.2 The potential of the hydraulic ram, a ‘socio-technical’
appropriate irrigation technology

The question arises if we can afford to neglect the field of irrigated
farming, which presently comprises 18% of the world' s cultivated farmland
and produces 35% of the available grain. Contrary to this, there are 45
million hectares of the most fertile and irrigable farmland which are not, or
insufficiently, utilized at present becausetechnical irrigation plantsare
dilapidated, necessary energy isnot available, or farmland isover salted
duetoinefficientirrigation.

Already years ago, the GTZ (Deutsche Gesellschaft fir Technische
Zusammenarbeit) inferred that we cannot afford to exclude this potential.
The potential of these surfaces, (when irrigated) isthat they can deliver
sufficient food for round 750 million people and, supplementary, about 50
million small farmers can earn livelihood. With comparatively small
investment in rehabilitation, considerabl e production reserves could be
released provided that we learn to operate these irrigation schemes effi-
ciently. But, itisthe concept of irrigation that isdecisivetoitsutility. Poor
irrigation systems were causes of salinity and decreasing loss of soil
fertility.

Consequently, Irrigation schemes, need to be considered from a different
point of view. One alternative is an intensive small farmers’ food produc-
tion onirrigated areas, which is embedded into a socio-technical structure.
That would necessarily means:

*  toconsider agriculture within aframework of environmental and
resources conservation

. domestic water supply systemsto be consider as part of asmall
structured village supply systems

. integration of appropriate technol ogies when, for example, wastewa-
ter fromindustrial food processing be treated and re-utilized for
irrigation purposes.

*  Of special importance arewaystoinvolvevillageinhabitantsin the
planning of their village devel opment and to consider their social
demands, which is an especially important aspect.

Use of hydro-energy allows utilisation of agricultural landsthrough
irrigated farming in dry areas which -would be otherwise infeasible to

16



irrigate through conventional methodsi.e. electricity and Diesel ail.
Because of their independence from the need for energy, they would reach
areas that would have been otherwise beyond reach.

The Peoples' Republic of Chinalargely succeeded in eliminating mal nutri-
tion. Thisisagreat achievement for a country where afifth of the worlds'
population live. Chinese people not only produce enormousfood quantities
but also guaranteeitsfair distribution among all inhabitants - whichisnot
lessimportant. The Peoples’ Republic of Chinaisfurthermore an unprec-
edented examplefor ecological agriculture characterised by apersisting
endeavour of a zero-waste-approach. Its closed resource systems are
practising an extensiverecycling of crop residues and by-products.

For millennia, China has been constructing irrigation systemswhich secure
rice cultivationin many parts of the country. In this country, agricultural
engineering isnot only limited to operating mechanised schemes. Asa
result, theland is cultivated profitably by millions of farmers. Small-scale
farming permits mixed cultivation with itsfavourable effects on agricul -
tural productivity, if wethink for example of high-nitrogenous soy root
tubers at the edges of thericefields. Thisisafavourable inception to
develop other applicable conceptsfor irrigation management, where
technology isthe meanstoimprovetheliving situation of people.

The problem hasto be solved inits complexity, that meansintegration of

. conservation of the environment and resources,

. application of profitable, but aswell ecologically sound
technologies,

. socially-balanced politicsfor therealisation of the concept.

This socio-technical approach to rural development offersthe chanceto
urge adevelopment in rural regionswhich is simultaneously environmen-
tally-saving. Application of appropriatetechnologiesliketheHydraulic
Ram limitsthe quantity of water used. They allow arestrained utilization
of water resources. They take the necessary energy from the water itself,
feeded by the already available‘ production-input’: Water. They do not
need expensive outside energy, e.g. electricity or combustion fuel like
Diesel oil, which additionally needs an exorbitant transport structure.

In order to use this production-input ‘water’ in awise and efficient way, a
study should be conducted on environmental compatibility, which exam-

17
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ineswhether application and use of appropriate technologiesisthe better
alternativefor atechnical scheme. Thisstep should precede planning and
construction of new small-farming irrigation systems.

Only an economic and efficient handling of fresh water, which isavailable
world-wideonly invery small quantities at variouslocations, allowsa
sustainabl e and life-improving socio-economic devel opment.

In thishandbook, the application, use and dissemination of the Hydraulic
Ram shall be treated. The Hydraulic Ram, also called ‘water hammer’, for
lifting of surface water is asimple technology in its use and therefore, it is
applicablewithout profound previousknowledge. Itsinstallation, however,
requires a basic engineering knowledge. Itsusein agriculture and for
supply of drinking water requires extensive knowledge in thesefields.
Because of its simplicity, this product is not of much interest for modern
engineering works. The product is made with arelatively low input of high
qualified work, compared to therelatively large quantity of material used.
Only two parts of thisdevice arein motion, therest is static.

The challenge BORDA and its Chinese partners faced, was to attain the
aim of achieving arural sustai nable devel opment, through amobilisation
of appropriate technology when integrated with and acting as part of a
socially oriented programme.

Thischallenge would continue to presume absol ute priority because of the
rapidindustrialisationin developing countries. Thelatter playsan impor-
tant role providing apossibly rapid economic progress, but on the other
side, disadvantagesto catastrophic ecological conditions.

Theauthors of thisbook hopeto have contributed to environmental
conservation and resource protection, by publishing andillustrating this
200 years old appropriate technology; the Hydraulic Ram, atechnol ogy
which promotes a responsible devel opment within aframework of a shared
sociable habitation of the rural areas being free of the stigma of atechnol-
ogy for the poor and the underprivil eged.
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Ecology of water, water economics in relation to pollution

1131

Natural water cycle

Water isthe natural source of life. About 3/5 of the earth, our ‘blue planet’,
is covered with water — with the oceans and seas; 2/5 are landmasses. So,
there iswater in abundance, but only little of it, the fresh water, is accessi-
ble and usable for Humans. Water regenerates through the cycle of evapo-
ration and rainfall. Therain forests, for instance those at the Amazon in
Latin Americaor at the Congo, are of decisive importance for the fresh
water balance. For this reason, human interferencein these great ecological
systemsisvery problematic.

Streams and rivers represent only 0.000003% of all water on earth, but do
supply 80% of the drinking water needed by living creatures. This makes
clear how careful people actually should be with the fresh water resources.
However, only few people are concerned about the element ‘water’ .

Water isthebasisfor life; neverthelessit istreated apathetically. Industry
and agriculture are consuming increasingly more water. Wastewater,
garbage, rubbish and carcass are carelessly disposed off and thrown into
the waters. Only afew metres away, the same water is acquired again for
consumption. Theincreasing need of water and theinsufficient treatment
of wastewaters - up to the completely absence of treatment - are leading to
ecol ogical damages, the dimension of which only coming generationswill
fully grasp.

Acid rain as an after-effect of the emission of sulphur dioxides and
nitrogen oxides and aswell, the transformation into steppes and the
formation of deserts due to serious mistakes in water management at the
planting of mono-cultures, are only 2 examplesfor the negative influence
of human interference on the sensitive water cycle. But also poverty must
be mentioned as a cause for environmental damage in the countries of the
South. Many peoplethere have no alternative than to further destroy the
aready endangered environment and, with this, their own life basis, in
order to satisfy their basic needs -at least partially. Examples for that are
firewood as primary energy, cultivation by burning off, and overgrazing of
arid areas.

19



1.1.3.2 Drinking water

10 litres of water per person/day was the aim of the international water
decade of the United Nations from 1980 to 1990. Thisaim has not been
achieved. On the contrary — the water shortage has aggravated. During the
last 20 years, water reserves world-wide dropped to the half. For 1.2 billion
people, thereis still no accessto pure, hygienically safe water. Thisfigure
hasincreased with the world-wide growing industrialisation, mostly in
those countriesgiving priority toindustrialisation. Accordingtoinvestiga-
tions of the UN, every eight seconds a child dies due to water shortage or
contaminated drinking water. For long, ‘ water has become apolitical
resource’ the SPIEGEL magazine wrote in May, 2000.

When aiming to achieve an integrated development in therural areas, fresh
water supply as drinking water and water for irrigation becomes a chal-
lenging task mainly in regionswith insufficient technical infrastructure.
Water lifting usually depends on the frequency of energy supply. In many
regions, however, thereis at present and in the near future no chance to
generate the required energy by conventional power plants. It isavicious
circle: lack of energy leads to shortcomingsin the process of development,
which in return leads to hunger and socio-economic problems.

-..':_ & ;_;%n.:::f; ; .'_..d _!.II :‘_‘ e -'_'... .__:;..

Water sources are one of the greatest victims of pollution
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One of the best alternativesto overcome this severe problem isthe utilisa-
tion of renewabl e energy. Since many years, an international working team,
which consists of German and Chinese experts and also technicians and
engineersfrom other counties, defined an appropriate technol ogy, the
Hydraulic Ram, as being theideal choiceto supply rural areas of the
mountai nous and semi-mountai nous regions with water. It lifts surface
water from rivers, stream and perennialsto villages which lay over 100
metres above the water source. The hydraulic ram only uses hydraulic
energy for water lifting, it requires no conventional energy.

Climate

The climate of our earth is mainly influenced by its spherical shape. Near
the equator, warming is at its highest, and is constantly decreasing in
direction poles. The warming of landmasses and oceans |eads to winds and
rainfalls. In connection with the rotation of the earth, they create sea
currents which carry big quantities of cold water, for example, the Labra-
dor Stream, or warm water like the Gulf Stream, pouring into oceans of
contrary-tempered waters and in thisway essentially influence the climate.

Through overproduction of nitrogen oxides or excessive deforestation,
people are exerting anegative influence on our climate. For this reason,
border-crossing, global politics are needed. The frequent occurrence of
storms, droughts and heavy precipitations in the form of rain or snow are
possibleindicationsfor aslow change of climate, the extend of which we
are not yet ableto realise.

Soil erosion

Soil erosion isone of theworst and gravest environmental problems on
earth. Each year the enormous quantity of about 35 x 105m?3 (35 million
m3) of soil are carried away by water and wind to be washed into the sea, a
great part of itisvaluablefertile soil indispensablefor plant cultivation.
Thereisno way to replace this soil.

Soail erosion is caused by winds and rainfalls. Human interference in nature
intensifiesthis process. Deforestation is one of the gravest causes, but also
unprofessional agriculture at steep land without terraces, and excessive
overgrazing are important causes for soil erosion.

21
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Terrassing is the most common way of protection to prevent agricultural fields from
erosion



1.1.35 Solidwaste

Living organisms consume energy and produce residues, waste and
garbagein this process, which can be naturally decomposed and returned
back to the natural life cycle . For example humus, the basis for fertile soil,
are developed in thisway. In the deciduous forestsin the mild climate
zones, the annual rate of falling leaves creates only about 10 mm of humus
within 30 years.

The human race is consuming a multitude of substances, which cannot - or
only inavery long span of time - be decomposed. With the production and
utilisation of these materials an enormous quantity of energy isconsumed.
It isobviousthat these quantities of about one billion tons of waste could
be arich source of raw materials. In many countries, steel, copper, alu-
minium and lead are reclaimed through recycling. China, for instance,
recovers agreat part of its steel from scrap metal. Waste paper is another
important raw material. Not only that great deal of it is needed, but that the
natural raw material for it, mainly wood, is biomass. Every day, large
wooded areas are deforested for paper production.

= . P e
Waste must be under stood as a resour ce and not be kept on rubbish tips

-
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In many places, waste and garbage are indifferently ‘disposed’ in nature
with complete apathy , chiefly into running waters. Sarcastically spoken,
added to Wastewater, thisisanother ‘great’ contribution to perpetual
reduction of the already short offer of potable water.

Waste must and can be understood as a resource. Raw materials can be
recovered and new materials devel oped, jobs created and the environment
can be sustainably improved. Positively seen, waste can make a contribu-
tioninincreasing the gross national product. It must not be kept on rubbish
tips.

F. Schumacher’s ITDG, for example, developed a concept for an environ-
mentally just recycling of discarded automobiles.

Together with its cooperation partners, BORDA founded the Institute for
Energy Efficiency and Environmental Technology; EEET, in order to
transfer, disseminate and if necessary to design environmental technol o-
gies. Thisisan appeal and an exampleto be followed for theindustry to
share in decreasing waste and minimise environmental destruction.

Treatment and draining of wastewater

Asmentioned before, water, the source of life, iskilling about 25 million
peopleevery year - mainly children -, becauseit is polluted, depleted with
urban and industrial toxic substancesreleased into nature without sufficient
cleaning. Lack of knowledge, ignorance and greed are the substantial
reasons. Governments are reacting much too slow to this serious situation.
They are sparing industries as potential taxpayersin spite of avery tight
national budget. Added tothis, thereisonly slow realisation of existing
decreesfor the conservation of the environment.

For asocially sound water management, e.g. healthy water for living and
for agriculture, aconsequent regulation of wastewater treatment isindis-
pensable, especially against the background of agrowing world population
and increasing industrialisation.
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Water isalimited resource. Theonly guaranteefor a sufficient supply isaconse-
guent regul ation of wastewater treatment and arational utilization.
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1.2 Socio-cultural factorsand their impact on a sustainable
utilisation of water

121

Role of women

The special involvement of women into a sustainable, environmentally
sound development isof essential importance. Especially in developing
countries, women carry out aconsiderable part of agricultural labour and
have agreat deal of concealed duties. Acquiring drinking water, which
needsto be brought over long distances, isusually apart of their tasks.
They are largely responsible for the household and, in thisway, also for
hygiene and health.

Fresh water is the most essential basic need of life. In many countries, itis
women’sjob in the familiesto collect fresh water. This gender specification
of roles here hinders development in the sense that it forms a hindrance for
women to play an activerolein the society because of labour-intensive
daily work (here, dragging water with buckets along the mountains).
Furthermore, in these parts of the world, it is not unusual that the problem
of daily water supply is cause of bigamy.

Duetotheir key function in everyday life especially inrural areas, and the
need for neutralising gender specified rolesin order to guarantee a sustain-
able development, the involvement of women in the development of asane
water economy isindispensable.
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Technology transfer and appropriate technologies

Many modern technologies are developed inthe‘North’ and are available
for the Southern countriesonly to alimited extend. Only aninfinitely small
part of technol ogy-devel opment- is adapted to the needs of peopleinthe
south. The North-South Commission under Willy Brandt cameto the
conclusion that  one could say that the decisive weakness - of devel oping
countries - isthe lacking accessto technology and its adeptness’. A lot of



environmental technol ogiesaretoo expensiveto beapplied for developing
countries. They are sold on creditsto these countries, and their employ-
ment is questionabl e because funds for effective operation are missing.

The north ison the way to get its environmental damages caused by
industrialisation under control. Thetechnologiesused here are hardly
transferable to the south. Together with the partnersin the south, they need
to be adopted to the specific needs, they haveto be payable and usable.
The EEET aimsto identify, develop and transfer such technologiesin
cooperation with its Chinese partners. It isthe aim to initiate atechnol ogy
transfer which supports sustainable conservation of the environment and
allow theindustry profitable and environmentally sound progress, and
which secures aworthy-living world to people. The emphasisislaid on
technol ogies of water- and energy-economics.

The concept of integrated development

Theneedto elevatetherural populationliving conditionsisfundamental to
choosing thisapproach. Thishas necessitated that technol ogies powered by
renewable energies be used asa‘core’ of awider range of activities, if a
meaningful improvement in living standardsto be achieved. Thereason
can be found in the mechanism of interactive problem factorsin the project
areas. Problem analyses showed that problem causes and effects exchange
rolesto form aclosed circle. For instance, supplying water for irrigation or
households would not bring the required results, when wastewater poursin
the water source feeding the Hydraulic Ram, thus water bypasses must be
built. In order to tackle the problem nature, acomprehensive approach that
would address this mechanism had to be used. The same s true for most of
the other project components. Theintegrated socio-economic and hygienic
components are based on this factor.

Based on this concept, the Bremen Overseas Research and Devel opment
Association - BORDA in Germany, the Zhegjiang Provincial Science and
Technology Commission - ZPSTC - have been co-operating together for a
long timeto improvetheliving conditions of peopleinrural areasand to
promotethelocal sustainable socio-economic development. Theintegrated
devel opment project includes many aspectsto improve not only the
technical infrastructure but al so the social capabilities, such as:
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Water supply for theirrigation to improve the agriculture;
Water supply for a decentralised domestic use;

Income generation for local farmers, including the technical training
and provision of market information;

Water resource protection;
Garbage collection and treatment inthe villages;

L ocal renewable energy utilisation such as, solar thermal energy,
small and/or mini hydraulic power generation and biomass utilisa-
tion;

Rise of farmers' living standard, especially improvement of women’s
economiclevel and working conditions;

Protection of the environment;

Improvement of hygiene and sanitation conditions, raising the
awareness of rural people towards environmental and hygienic
issues.

Intheintegrated development activities, the hydraulic ram playsan
important role, not only for the conventional energy, but also for

Raising living standard of the people;
Promotion of theagricultural production;
Improvement of the hygienic and sanitation conditions;

Easing the domestic work for women, thus neutralise gender defined
roles, etc..

Inaword, it contributesto the sustainablerural development.
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Energy for the future

Sufficient energy and an optimal infrastructure are the basic preconditions
for economic growth. Thefossil energies have been considered the
optimum commercial energy agent for along time. These energieswill not
be available endlessly and cause enormous damages to the environment.
Nuclear energy has proved to be inadequate due to doubtful control and a
seemingly safe but perpetual storage of radioactive waste.



From the present point of view, we are in search of alternatives. Renewable
energy from biomass through gasification, water through conversion of
potential energy to kinetic energy, use of thermic and photovoltaic energy,
and wind power are energy sources with growing utility. However, at
present, they cannot meet the requirements of human urban centres and of
industry.

Science has been ableto devel op procedures which considerably reduce
the consumption of fossil energy in combustion engines. The application of
hydrogen through decomposition of water (H,O) to its basic elements
hydrogen and oxygen surely is an important method of future energy
supply, although, it is presently still in an experimental phase.

In order to meet the demand for an-environmentally-just development with
acorresponding energy management, today, renewable energies are used to
allow adecentralised devel opment; for example the Hydraulic Ram to
‘pump’ water to ahigher level, or biogas plants to supply people limitedly
or individually with combustible energy, here methane gas.

The search for appropriate energy supply probably hasjust begun. The
guestion arises, how much timeisleft for us.

Thisgeneral excursion should have made clear that the use of appropriate
technologies, likethe Hydraulic Ram, can beasmall contribution to
sustai nable devel opment of the environment. It could form the only
alternativebringingtheindividual user asocio-economic development,
especially in undevel oped regions, often representsthe only alternativefor
socio-economic development. BORDA' s joint projects for the dissemina-
tion of the Hydraulic Ram, especially in China, could provethat this
technol ogy hel ps securing cropsand sustainably improvestheliving
standard for many people. It has, however, to be remarked that for atrue
soci 0-economic devel opment technol ogy needstoreliable. And thisisnot
yet enough. The users must be ableto conceivethe utilization of the
technology, and the projects have to keep what they have promisingin
order to reach awide-spread dissemination.
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1.3 Stuation and prospects of energy production and supplyin
China

Chinaisadevel oping country covering 9.6 million square kilometreswith
apopulationover 1.2 billion people. Theareaincludesthetropical climate
zone (32%), subtropical climate zone (15%), sub-arid climate zone (22%)

and arid climate zone (31%).

Utilisation of renewable energy resourcescan help to
fill the gab between ener gy supply and demand

Sincethe 1980s, economic devel opment has accel erated dueto the
implementation of the economic reform policy and opening to the outside
world. Consequently, energy consumption has also increased. Table 1 and
Table 2 in appendix 1 show the energy production and consumption from
1980-1998. Fig. 1.2.1 showsthe difference between energy production and

consumption.



Table 1 energy production and structure

year ts:gldir:;(;?r? percentage of total energy production
coal crude oil natural gas  hydro-power
(106 C.E.T)) % % % %
1980 637.4 69.4 23.8 3.0 3.8
1984 778.6 72.4 21.0 21 4.5
1985 855.5 72.8 20.9 2.0 4.3
1986 881.2 72.4 21.2 21 4.3
1987 912.7 72.6 21.0 2.0 4.4
1988 958.0 73.1 20.4 2.0 4.5
1989 1016.4 74.1 19.3 2.0 4.6
1990 1039.2 74.2 19.0 2.0 4.8
1991 1048.4 74.1 19.2 2.0 4.7
1992 1072.6 74.3 18.9 2.0 4.8
1993 1112.6 73.8 18.6 2.0 5.6
1994 1187.3 74.6 17.6 2.0 5.8
1995 1290.3 75.3 16.6 19 6.2
1996 1326.2 75.2 17.0 2.0 5.8
1997 1324.1 74.1 17.3 2.1 6.5
1998 1240.0 72.0 18.5 2.4 7.1

Source: China Statistical Yearbook 1995-1999

Table 2 energy consumption since 1980

total energy

percentage of total energy consumption

year consumption
coal crude oil natural gas hydro-power

(106 C.E.T)) % % % %
1980 602.8 72.2 20.7 3.1 4.0
1984 709.0 75.3 17.4 2.4 4.9
1985 766.8 75.8 17.1 2.2 4.9
1986 808.5 75.8 17.2 2.3 4.7
1987 866.3 76.2 17.0 2.1 4.7
1988 930.0 76.2 17.0 2.1 4.7
1989 969.3 76.0 17.1 2.0 4.9
1990 987.0 76.2 16.6 2.1 5.1
1991 1037.8 76.1 17.1 2.0 4.8
1992 1091.7 75.7 175 1.9 4.9
1993 1117.7 72.8 19.6 2.0 5.6
1994 1227.4 75.0 17.4 1.9 5.7
1995 1311.8 74.6 17.5 1.8 6.1
1996 1389.5 74.7 18.0 1.8 5.5
1997 1381.7 71.5 20.4 1.7 6.2
1998 1360.0 71.6 19.4 2.1 6.5

Source: China Statistical Yearbook 1995-1996
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Generally, Eastern Chinais more economically developed and has adenser
population than the western part of the country. Therefore, the East
consumes much more energy than the West. But the proven fossil energy
reserves are mainly located in the west, particularly coal mines.

energy production and consumption
Al CLT from 1984-1998
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Fig. 1.2.1 energy production and consumption in China

For instance, Zhejiang Province produces only 0.34% of the total primary
energy in China, but consumes 2.61%. Jiangsu Province and Shanghai
Municipality produce only 1.85% and 0%, but they consume 5.92% and
3.21% respectively. Zhejiang, Jiangsu Provinces and Shanghai M unicipal -
ity arelocated in eastern China. But Shanxi Province, northwest China,
produces around 19% of the primary energy and only consumes around
5% (Source: China Statistical Y earbook 1995).

Eastern China’ s energy supply isinfluenced by two factors, i.e. limited
primary energy reserves and alimited, long-distance transportation
infrastructure. China senergy supply asawhole gives not an optimistic
picture. Table 3 and Fig 1.2.2 show the increased consumption of coal, oil
and electricity. Fig. 1.2.1 showsthat since 1992, dueto its fast economic
development, China has become a net energy importer. If there are no
measuresto improvetheefficiency of conventional energy utilisation and
to develop and utilise renewabl e energy resources, the gap between energy
supply and demand will continueto prevail and widen.



Table 3 increase of coal, oil and electricity consumption from 1990-1998
Coal Qil Electricity
Year | (106tons/106CET)  (106tons/106CET)  (L09kWh/106CET)
1990 1055.2/753.7 1149/ 164.1 623.0/76.6
1991 1105.7/789.8 124.2 /1775 674.1/82.2
1992 1140.8/814.9 133.5/190.7 758.9/93.2
1993 1139.2/813.7 313/219.1 835.3/102.6
1994 1285.3/918.1 149.6 / 213.7 926.0/ 113.8
1995 1370/978.6 325.2/227.6 1002.3/123
1996 1453/ 1038 357.3/250.1 1076.4/132.2
1997 1383/988 402.7 / 281.9 1128.4/138.6
1998 1363.3/973.8 376.9/ 268.3 1161.1/142.6

Source: China Statistical Yearbook 1995-1996
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Fig. 1.2.2 coal, oil and electricity consumption increase in China
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Table 4 energy consumption and elastic coefficient

Growth rate growth rate of . . - .
of ener electricit growth rate of elastic elastic
ear consumpgt?lon consumpti):)n GDP over coefficient of coefficient of
Y di di preceding year energy electricity
ove;garre?;))mg ove;eparret(:;))mg (%) consumption consumption
1986 54 9.5 8.8 0.61 1.08
1987 7.2 10.6 11.6 0.62 0.91
1988 7.3 9.7 11.3 0.65 0.89
1989 4.2 7.3 4.1 1.02 1.78
1990 1.8 6.2 3.8 0.47 1.63
1991 5.1 9.2 9.3 0.55 0.91
1992 5.2 115 14.2 0.37 0.81
1993 2.8 9.5 13.5 0.21 0.70
1994 6.0 10.5 12.6 0.48 0.83
1995 6.9 8.2 10.5 0.66 0.78
1996 5.9 7.4 9.6 0.61 0.77
1997 -0.6 4.8 8.8 - 0.55
1998 -1.6 2.9 7.8 - 0.37

" : In order to quantify the relationship between the national economic development
and the energy consumption increase, Elastic Coefficient of Energy Consumption is
defined as an indicator. The formula is:

Cen=Ren/Rne

where:
Cen: elastic coefficient of energy consumption
Ren: average annual growth rate of energy consumption
Rne: average annual growth rate of national economy

" In order to quantify the relationship between the national economic development
and the electricity consumption, the Elastic Coefficient of Electricity Consumption is
defined as an indicator. The formula is:

CeI:ReI/Rne

where:
Ca: elastic coefficient of electricity consumption
Ra: average annual growth rate of electricity consumption
Rne: average annual growth rate of national economy



14 Increasing energy demand and environmental problems

Table 2 inthischapter showstheincreasein conventional energy consump-
tion. The trend towards an increased energy demand isthe results of the
increased popul ation and soci 0-economic development. Table 4 onthe
previous pagerefersto the energy consumption during the devel opment of
the national economy.

The GDP' s average annual increase rate from 1986-1998 was 9.7%, and
energy consumption increased at an average of 4.4% per year. Thein-
creased energy demand and consumption resultsin an energy shortage and
presents environmental problems. The energy shortage hinders socio-
economic development. However, problems of the environment are an even
worse aspect than the energy supply.

75% of the energy consumed in Chinais generated by coal. Burning coal
produces more harmful exhaust gas, such SO,, NOx, CO and CO, and
duststhan oil and natural gas. These harmful gases damage the ecological
environment and cause serious | osses to socio-economic devel opment
negatively affecting people slives. Therefore, evenif the conventional
energy resources posed no limitationsto development, the environmental
aspect of the problem would still form a great hazard.

Electricity consumption isincreasing faster than other energy forms. The
average annual increase rate of electricity consumption from 1985-1998
was 9%. The electricity generated from hydraulic power stationswas only
around 20%. The remaining electricity was generated by coal-fire powered
plants. These plants are the main polluters emitting CO, and SO,. The
pollution from power plantswill worsen with the rapidly increasing
electricity demand if measures are not taken.

Consequently, these have been reflected in the China’ sAgenda2li.e.
‘White Paper on China’s Population, Environment and Development in
the 21% Century’. It has four main sections:

. Overall strategiesfor sustainable devel opment
. Sustai nabl e devel opment of the society
. Sustainabl e development of the economy

. Resourcesand environmental protection
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Within China’ sAgenda 21, nine priority programs are stated. Clean
energy including renewable energy, energy saving, conservation and
sustainabl e utilisation of natural resources, and environmental pollution
control arelisted as Priority 4, Priority 5 and Priority 6, respectively.

15 Unbalanced development of economy and energy supply in
Easternand Western China

Chinaishuge. Economic development differsaccording to different
climates, geography, natural resources, traditions and economic levels. The
differences have been growing since the beginning of the 80’ swhen the
economic reform and opening policy were implemented. The coastal areas
in the eastern part of Chinahave more favourable meansfor transportation
and communication than areas in the west. The economy of the Eastis
booming.

Table 5 refersto the GDP per capitain municipalities, provinces and
autonomous regions of Chinaand isan indicator to the economic levels.
Table 6 refersto the average annual income per capitain the municipali-
ties, provinces and autonomous regions' rural areas and isthe key data
reflecting theliving standard.

Table5 and Table 6, indicate that the economy in the eastern part of China,
such as Zhejiang, Jiangsu, Fujian, Guangdong Provinces and Shanghai
Municipality, ismuch more devel oped than the western part.

The increased growth rate of the GDP (gross domestic products) caused a
highincrease of energy consumption. But unfortunately, theseregions have
few conventional energy reserves, and the self-supply primary energy ratio
of thetotal energy consumptionisvery low. For instance, the self-supply
primary energy ratioisonly around 10% in Zhejiang Province, 40% in
Jiangsu Province and 0% in Shanghai.

Most of the energy consumed in these provincesis from western China,
about 2000 km away. The limited transportation system has been put under
pressure to meet the increasing energy demand. Due to these two factors,
i.e. thelimited primary conventional energy reserves and limited transpor-
tation, energy supply has become a serious obstacle since the 80’s.



Table 5 GDP per capita in municipalities, provinces and autonomous regions

Unit: yuan RMB

Region 1990 1991 1992 1993 1994
Beijing 5055 5474 6435 7703 9636
Tianjin 3621 3771 4477 5752 7755
Hebei 1581 1724 2037 2669 3362
Shanxi 1563 1592 1913 2337 2804
Inner Mongolia | 1559 1647 1911 2388 3017
Liaoning 2866 3008 3668 4975 6354
Jilin 1775 1847 2204 2811 3764
Heilongjiang 2189 2306 2395 3309 4408
Shanghai 6256 6700 8285 11131 14542
Jiangsu 2123 2340 3091 4300 5779
Zhejiang 2215 2574 3223 4477 6211
Anhui 1192 1152 1373 1815 2500
Fujian 1809 2020 2528 3598 5295
Jiangxi 1175 1240 1463 1824 2570
Shangdong 1872 2113 2551 3216 4466
Henan 1140 1193 1444 1859 2436
Hubei 1588 1657 1951 2520 3285
Hunan 1273 1294 1592 2025 2666
Guangdong 2416 2765 3515 4882 6340
Guangxi 1089 1199 1476 2013 2764
Hainan 1599 1788 2649 3687 4655
Sichuan 1197 1269 1477 1870 2477
Guizhou 837 893 1011 1221 1507
Yunnan 1313 1368 1615 2006 2473
Tibet 1366 1351 1460 1976 1941
Shaanxi 1314 1388 1587 1950 2432
Gansu 1138 1188 1373 1587 1900
Qinghai 1608 1654 1898 2347 2916
Ningxia 1470 1495 1707 2089 2659
Xinjiang 1937 2167 2545 3141 4128
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Table 5 continued

Region 1995 1996 1997 1998
Beijing 8257 12833 14698 16142
Tianjin 9768 11629 13016 13964
Hebei 4428 5324 6059 6479
Shanxi 3550 4207 4712 5048
Inner Mongolia 3647 4269 4706 5084
Liaoning 6826 7672 8434 9338
Jilin 4352 5123 5506 5892
Heilongjiang 5443 6445 7221 7508
Shanghai 17403 20452 23063 25193
Jiangsu 7296 8445 9346 10025
Zhejiang 8163 9547 10458 11193
Anhui 3332 3854 4358 4537
Fujian 6674 7923 9142 10095
Jiangxi 2966 3696 4133 4419
Shangdong 5747 6821 7570 8104
Henan 3300 3992 4413 5677
Hubei 4143 5099 5875 6271
Hunan 3435 4118 4630 4939
Guangdong 7836 9365 10375 11087
Guangxi 3296 3700 3922 4071
Hainan 5030 5307 5516 5829
4438 4671

Sichuan 3121 3pag  rerodm . (Chongam
3938 4216

(Sichuan) (Sichuan)
Guizhou 1796 2008 2199 2301
Yunnan 3024 3690 4016 4329
Tibet 2333 2654 3104 3618
Shaanxi 2846 3317 3714 3842
Gansu 2272 2895 3133 3452
Qinghai 3437 3762 4074 4377
Ningxia 3309 3716 3980 4228
Xinjiang 4968 5401 6114 6392

Source: China Statistical Yearbooks 1992-1999



Table 6 average annual income per capita in rural areas of municipalities, provinces and

autonomous regions

Region 1990 1991 1992 1993 1994
Beijing 1297.05 142237 157156 1882.58 2400.69
Tianjin 1069.04 1168.53  1309.01 1835.71  621.67
Hebei 621.67 657.38 682.48 803.80 1107.25
Shanxi 603.51 567.90 627.01 718.33 884.20
Inner Mongolia | 607.15 517.99 672.17 777.95 969.91
Liaoning 836.17 896.71 995.10 1160.98 1423.45
Jilin 803.52 748.33 807.41 891.61 1271.63
Heilongjiang 758.86 734.80 949.20 1028.36  1393.58
Shanghai 1907.32 2003.38 2225.87 2726.98 3436.61
Jiangsu 959.06 920.72 1060.71  1266.97 1831.53
Zhejiang 1099.04 1210.77  1359.13 174594 2224.64
Anhui 539.16 446.05 573.58 724.50 973.20
Fujian 764.41 850.05 984.10  1210.51 1577.74
Jiangxi 669.30 702.53 768.41 869.81 1218.19
Shangdong 680.18 764.04 802.90 952.74 1319.73
Henan 526.95 539.29 588.48 695.85 909.81
Hubei 670.80 626.92 677.82 783.18 1172.74
Hunan 664.24 688.91 739.42 851.87 1155.00
Guangdong 1043.03 1143.06 1307.65 1674.78 2181.52
Guangxi 639.45 657.74 731.69 892.07 1107.02
Hainan 696.22 730.08 842.79 991.99 1304.52
Sichuan 557.76 590.21 634.31 698.27 946.33
Guizhou 435.14 465.53 506.13 579.67 786.84
Yunnan 540.86 572.58 617.98 674.79 802.95
Tibet 649.71 706.67 829.66 889.49 975.95
Shaanxi 530.80 533.96 558.79 652.99 804.84
Gansu 430.98 446.42 489.47 550.83 723.73
Qinghai 559.78 555.56 603.40 672.56 869.34
Ningxia 578.13 589.98 591.01 636.39 866.97
Xinjiang 683.47 703.17 740.44 777.62 946.82

Unit: yuan RMB
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Table 6 continued

Region 1995 1996 1997 1998
Beijing 3224 3562 3662 3952
Tianjin 2406 3000 3244 3396
Hebei 1669 2055 2286 2405
Shanxi 1208 1557 1738 1859
Inner Mongolia 1208 1602 1780 1981
Liaoning 1757 2150 2301 2580
Jilin 1610 2126 2186 2384
Heilongjiang 1766 2182 2308 2253
Shanghai 4246 4846 5277 5407
Jiangsu 2457 3029 3270 3377
Zhejiang 2966 3463 3684 3815
Anhui 1303 1608 1809 1863
Fujian 2049 2492 2786 2946
Jiangxi 1537 1870 2107 2048
Shangdong 1715 2086 2292 2453
Henan 1232 1579 1734 1864
Hubei 1511 1864 2102 2172
Hunan 1425 1792 2037 2065
Guangdong 2699 3183 3468 3527
Guangxi 1446 1703 1875 1972
Hainan 1520 1746 1917 2018
1643 1720

Sichuan 1158 1453 (croneam o (Chongai
1681 1789

(Sichuan) (Sichuan)
Guizhou 1087 1277 1299 1334
Yunnan 1011 1229 1376 1387
Tibet 1200 1353 1195 1232
Shaanxi 963 1165 1273 1406
Gansu 880 1101 1185 1393
Qinghai 1029 1174 1321 1425
Ningxia 999 1398 1513 1721
Xinjiang 1136 1290 1504 1600
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1.6 Stuation and prospectsof rural energy supply and
consumption

From the beginning of the 50’ sto the end of the 70’ s, China had a planned
economy, meaning that the economic activitiesfrom production to market
were pre-planned. The energy supply for the urban industries and urban
domestic use were also strictly pre-planned.

Enterprisesreceived an energy supply quotawith afixed price according to
production planning. Familiesin the cities and townsreceived afixed quota
of fuel. At that time, electricity consumption was not restricted by alimit
because there was little demand for electricity. Most families had few
electrical appliances, perhaps only the most basic (one or two lamps for

lighting).

80% of China spopulation liveinrural areas. In the planned economy, an
energy supply for the domestic sector in rural areas was not included. Fuel
used in daily life within the househol ds came form firewood and straw in
most places. In the Western areas, for instance in Qinghai, Gansu and
Tibet, cattle dung was consumed. Conventional energy for cooking and
heating rural homeswas not available.

In most regions, fuel for the farmers' daily consumption depended on
forest-cut firewood and agricultural residues, such as straw and crop stems
which negatively affected the ecol ogical cycle, caused soil erosionand
reduced land fertility.

These environmental problem cameto the people’ sattentionin the early
80’ s. Some technologiesto reduce fuel consumption were developed, such
asfirewood-saving stoves, small biogas digesters, small and mini-hydraulic
power stations. For practical use, firewood-saving stoves achieved remark-
ableresultsin rural energy conservation. But the demand for energy in the
rural areas continuesto grow dueto the increased population and the
farmers’ increasing income. Thus, the energy supply shortage still exists.

With the expansion of the market economy, which started at the beginning
of the 80’s, more conventional fuel became available at market price.
Farmersliving near cities and townstend to consume more conventional
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energy, such as coal bricks and LPG because these fuels are more conven-
ient, cleaner and easier to use. The potential demand on these fuels and
electricity isincreasing. From 1990 to 1993, the expenditure per capitaon
fuel inrural areasincreased from 26.46 yuan to 37.54 yuan RMB. The
average annual increase rate was 12.3%.

With the tendency of development of small towns and cities and the
improvement of the farmer’ sliving standard, the demand for energy in the
rural areaswill put even greater pressure on the existing conventional
energy supply, if thereis no alternative to meet the farmer’ sdaily energy
demand.

The demand in the urban areais more intensive and centralised than in the
rural areas. Itisdifficult to develop alternative energy to replacethe
conventional energy demand. But intherural areas, the population density
ismuch lower and the natural resources are more available than in the
urban areas. There are more possibilitiesin rural areasto uselocal re-
sourcesto meet the energy demand through the devel opment of technol o-
gies powered by renewabl e energies. The conventional energy supply alone
isnot sufficient to meet therural people’ sincreasing demand for aclean
and aconvenient energy. A hybrid energy supply system with various
technologiesfor utilising local renewable energy resourcesis essential for a
local socio-economic development.

1.7 Rural energy policy and environmental development in China

Since the beginning of the 80’ s, the Government policy on rural energy and
environmental devel opment emphasised being ‘ based onthelocal condi-
tionto efficiently utilisethelocal energy resources’. The solutionisnot to
depend on the conventional energy supply, but to usethelocal renewable
energy resources as much as possible, such as solar, wind, small and mini
hydraulic energy, biomass, etc. There are several advantagesto the use of
local resources:



*  toreducepressure onthe conventional energy supply;
* toreducetheenergy lossdueto long distancetransportation;

* toavoidenvironmental pollution caused by conventional energy
combustion;

* tohavelessintensive capital investment for the establishment of
decentralised energy supply systems;
* toeasilyplanatalocal level;

e tousethelocal resourcesefficiently and rationally.

Consequently, the government policy on rural energy and environmental
development has pledged to:

*  putfocusonthedevelopment of the various appropriate technol ogies
for renewable energy utilisation;

. demonstrate these technologies;
. subsidisethesetechnologiesintheir dissemination process;

*  train peopleto be aware of the importance of environmental protec-
tion and energy conservation and stimul ate acceptance of appropri-
atetechnologieswhich useslocal renewable energy;

. reduce taxesfor the production of equipment and devicesthat utilise
local renewable energy resources;

. providepreferential loansfor the production and install ation of
facilitiesthat use the local renewable energy resources.

China’ sAgenda 21, issued by the Chinese Government, puts the utilisa-
tion of renewable energy resource as a priority program and alternative for
achieving anoverall socio-environmental protection.
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Situation and prospects of rural energy supply in Zhejiang
Province

The state of the conventional energy supply does not giveriseto optimism

if wereview the energy supply compared to consumption in the last several
years, 1990-1998. Fig. 1.7.1.1 refersto coal production from 1990 to 1998
(milliontons).

In thisperiod, the average annual increase rate of coal consumptionin
Zhejiang Province was 8.4%. | n the chapter above, it was mentioned that
the self-supplied coal made up only 6% of thetotal coal consumption, and
self-supplied coal production tended to decrease dueto the limited coal
reserves.

Alsotheelectricity supply in Zhejiang Province does not show an optimis-
ticpicture. Fig. 1.7.1.2 showsthe el ectricity generationin Zhejiang
Province from 1990 to 1998.

TheFig. 1.7.1.3 refersto coal consumption in Zhejiang Provincein 1990-
1998 and Fig. 1.7.1.4 shows the gap between the power generation and
consumption in the same period in Zhejiang Province.

The conventional energy supply does not meet theincreasing demand, not
of industries and not of households, neither in urban nor in rural areas.
Sincetherural conventional energy supply (except electricity and diesel for
irrigation) was not part of government planning for along period, the
energy supply networksin therural areas did not function as efficient,
when compared to those of urban areas. These networks cannot satisfy the
needs of energy users. Thus, in therural areas, the energy problem is not
only insufficient energy sources (quantity), but also poor supply systems.
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Fig. 1.7.1.4 Electricity generation and consumption in Zhejiang

Province

1.8.2 Increasing energy demand and environmental pollution
caused by energy consumption

Therewas arapid economic development in rural areas around Zhejiang.
Especially industries, these devel oped at an unimaginabl e speed since

1980. In the beginning of the 80’s, the gross output value of rural industries
was only 19.8% of the Province' s overall industries. But in 1998, the gross
output value of rural industries was 86.5%. The average annual increase
rate of rural industries’ gross output value was 136%, at an incredible
speed.

Consequently, with the fast development of therural industries, the energy
consumption increased rapidly. Fig. 1.7.2.1 and Fig. 1.7.2.2 show the
increase of the coal and electricity consumptionin Zhejiang’ srural
industries from 1990 to 1997.
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Rural households' conventional energy demand also increased dueto

higher incomes and improved living standards. Table 1.7.2.1 showsthe
average annual farmer’s expenditure per capitafor electricity and commer-
cial fuel and itsincreasing demand from 1990-1994.

Table 1.7.2.1 farmer’s fuel and electricity consumption per capita

1990 1991 1992 1993 1994
Fuel (kg) 190.86 197.2 195.27 165.01 213.78
Electricity (kWh) 7.52 9.65 12.07 14.25 19.90

Source: Zhejiang Statistical Yearbook 1995
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Fig. 1.7.2.2 electricity consumption increase in rural industries

Table 1.7.2.2 energy consumed in family groups with different incomes

low income medium income highincome
group | group | group | group | group | group | group
1 2 1 2 3 1 2
average income
(yuan RMB) 2654 3348 3980 4774 5819 6978 9349
cash payment for
electricity, fuel and
water per capita 129 136 143 147 163 167 178
(yuan RMB)
electricity consumed
per capita 155 174 190 195 217 238 256
(kwh)
coal consumed per
capita (kg) 81 49 36 34 30 24 17
LPG consumed per
capita (kg) 17.8 23.9 244 26.2 28.5 304 33.3
‘éggi?;?k;’”sumed per 2 2 6 9 15 15 16
in total per capita
(MJ) 3026 2680 2537 2625 2793 2822 2875

Source: China’s Statistical Yearbook 1995




Traditionally, farmers mainly used forest-cut firewood, and/or straw
collected from the fields. The only cost for the farmers was their own
labour. But with the increase of income, more and more farmers could
afford to buy commercial energy, such as coal and LPG, which is conven-
ient and clean to use compared to firewood or straw.

The urban population with a higher income, tend to use more convenient
and cleaner energy, such as electricity and L PG, and lessinconvenient and
comparatively dirty energy, such ascoal. They also consume less hon-
commercial energy, such as firewood and straw. Table 1.7.2.2, reflects data
collected in 1994. With theincrease of income, people used less coal, but
more electricity, LPG and city gas. It can beinferred that having more
income, farmers used more commercial energy and less firewood and
Straw.

Rural traditional enterprises also consumed conventional energy, such as
electricity, coal and diesel. But fromthe statistic data, (see Table 1.7.2.3, Fig.
1.7.2.3and Fig. 1.7.2.4) the energy demand didn’t tend to increase quickly.

Table 1.7.2.3 coal and electricity consumption in the rural traditional production

1990 1991 1992 1993 1994
coal consumption (10 tons) 0.33 0.34 0.39 031 032
electricity consumption (109 kWh) 1.32 1.44 154 1.60 1.23

Source: Zhejiang Statistical Yearbook 1995
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Fig. 1.7.2.3 coal consumption in rural traditional production

The consumptionin rural industries and households caused an increasein
the energy demand. The annual coal consumption increase rate was 12.6%
from 1990 to 1997, and the annual electricity consumption increase rate
reached 16% in the same period for rural industries. The increase rate of
commercial energy consumed in householdsin the same period reached
also about 28% annually. These two energy users consumed thelion’s
share of the total energy supply.
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Fig. 1.7.2.4 electricity consumption in rural traditional production



The other severe problem caused by energy consumption is environmental
pollution. These problems differ from the ecol ogical problems of the late
70'sand early 80's. At that time, the main ecological problems resulted
from the practice of excessive exploitation of the natural forest and
vegetation resources by the rural peoples, and the misuse of the agricultural
residues dueto theincreasing fuel demand.

Trees and the vegetation were overgrazed to be used as firewood. Farmers
directly burned agricultural residues, such as straw and stemsfor fuel. This
over-cutting and direct burning led to soil erosion and deforestation.
Recently, rural industries and househol ds have been using more and more
conventional energy. Themorerecent ecol ogical and environmental
problems have been caused by the pollution because of conventional
energy consumption, especially coal.

Steps must be taken to conserve energy and vitalise the utilisation of local
renewabl e energy for the benefit of rural industries and householdsin order
to easethe conventional energy supply shortage and reduce air pollution.
The potential of the utilisation of renewable energy by rural industriesis
more difficult than that of the household because rural industry ismore
energy intensive. For rural industries, a strategy aiming at energy conserva-
tion will be more effective. The energy used in householdislessintensive.
There are many waysto replace conventional energy with local renewable
energy resourcesthrough the utilisation of appropriatetechnologies.

1.8.3 Rural energy policy and environmental development

Zhejiang Province was one of the earliest provincesto pay agreat deal of
attentionto rural energy development and environmental protection.

Because the Zhejiang Province has very limited fossil energy reserves, the
energy supply cannot meet the demand. Before the 80’ srural farmers did
not use conventional energy. Local forest resources and agricultural residue
were used for generating energy. Farmers burned firewood or straw in
traditional stoves. These stoveswere extremely inefficient and wasted
firewood when the farmers cooked and heated their homes. Therefore, the
first energy saving project aim wasto develop firewood-saving stoveswith
ahigher efficiency. The new design took several factorsinto consideration,
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such as different fuels, cooking behaviour, standardised structure and easy
installation. To fully utiliselocal biomass resources, farmers were also
encouraged to use biogas digesters.

The government al so promoted other kinds of renewabl e energy devel op-
ment and made favourabl e policiesto support the utilisation of renewable
energy resource. There were two advantages. Firstly, in the Zhejiang
Province, there are very rich renewable energy resources, such aswind and
tidal energy on the coast and islands, and solar energy on the plains.
Usages of these energies can reduce direct-burning of firewood and straw.
Secondly, renewabl e energy utilisation hasapositiveimpact on environ-
ment protection.

Thebasic principlefor rural energy development isto depend on the
conditions of local natural resourcesand utiliselocal renewable energy
resourceswith the use of appropriate technol ogies. Favourable policiesto
encourage renewabl e energy devel opment and energy conservation
included two aspects:

. tofinance devices, experiments and devel opment of technology in
their experimental stage;

. to subsidise devices, technol ogy demonstrati ons and dissemination.

1.8.4
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Description of achievement in the field of rural energy policy
and the utilisation of renewable energies

From the beginning of the 80’ s, many achievements have been obtained in
renewabl e energy development and energy conservationintherural areas.
Several technologieswere developed. Thesequickly provedreliable, viable
and economical inthe practical application and have been moderately to
widely disseminated. Some of these are:

. small biogas digester for family use;

. large and medium-si zed biogas plantsfor intensivelivestock farms;
* firewood-saving stovesand coal-saving stoves;

. solar heat collectorsfor heating water;

. small hydraulic power stations;

. hydraulic rams for lifting water.



Some of these technol ogies showed technical reliability and economic
viability only under certain conditions. Thesetechnol ogi eswere competi-
tivewith conventional energy and have been disseminated in suitable areas,
such as:

. photovoltaic application for small power supply in remote off-grid
areas;

*  wind generation on islands and in remote off-grid areas.

Although there have been several pilot projects or demonstration projects
inthe 80" sand early 90’ s, the following technol ogies need technical
improvement or economic adjustment:

. power generation by tidal energy;

e floating pumpsfor water lifting ;

. biomassgasification;

*  oceanwaveenergy andtidal current energy utilisation;
*  solar energy used for air conditioning system.

Besidesthe abovetechnologies, agreat deal has been accomplished
through implementing the energy resource survey, planning and manage-
ment programs, and the ‘ Optimisation of Rural Energy Structure Study’.
These projectswere able to help the people:

* tounderstand the quality and quantity of the variousrenewable
energy resources;

* tobeaware of the suitable conditionsfor appropriate technology
application;

* tounderstand therelevant situation and foresee the tendency of
energy supply and demand in the rural areas and the main problems
in energy supply and environment;

* tounderstand the nature of applying technologies of renewable
energy through technical and economic analysis;

* tofind asuitable approach to ease the shortage of energy supply and
solve environmental problems;

* tomakeasuitableplan for renewable energy development combined
with environment protection according to technical and socio-
economic devel opment.

The Rural Energy Balance Study for Zhejiang Province was one of these
projects.
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Results and conclusion of the rural energy balance study

Based on dataanalysiscollected inthe overall survey and detailed survey,
strategies have been made to solve problemsrelating to the energy supply
and environmental protection in the Zhejiang Province. The framework of
the study isshowninFig. 1.7.5.1.

The study’ s main objective was to point out short and long-term strategies
for local renewable energy utilisation with the appropriate technol ogiesfor
rural socio-economic development.

For the short term, the appropriate technol ogies according to regions were
identified asfollows:

o coastline and islands - wind generation;

. plains and suburbs - multi-function biogas plants, and domestic solar
heat collectors;

. mountai nous and semi-mountainous areas - hydraulic resource
utilisation mainly through hydraulic power generation, hydraulic
ramsto lift water for irrigation and decentralised domestic water

supply systems, househol ds biogas digesters, and firewood-saving
stoves.

For the long term, appropriate technologies were identified according to
regionsas:

. coastline and islands - wind generation, tidal power generation and
other ocean power generation technologies;

. plains and suburbs - multi-function centralised biogas plant, biomass
densification and gasification, solar heat collectors combined with
electrical power or gas;

. mountai nous and semi-mountai nous areas - hydraulic generation and
direct utilisation of hydraulic energy by hydraulic rams, floating
pumps, hydraulic turbine pumps, etc.; biomassdensification and
gasification, decentralised biogas digesters and centralised multi-
function biogas plants; fuel-saving stovesfit for densifie biomass
fuel.
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Conclusion of overall potential study on the hydraulic ram
application

Sincethelate 80’s, ZPSTC (Zhejiang Provincial Science and Technology
Commission) co-operated with BORDA (Bremen Overseas Research and
Development Association) to transfer the hydraulic ram technology to the
Zhejiang Province. Through ademonstration and trail phase, the hydraulic
ram’s ability to provide water for irrigation and tap water has brought
remarkable resultsin the Province. Hydraulic ram site selection, install a-
tion and operational experience have been maintained by local engineers,
technicians and farmers.

In the beginning of the 90’ s the production of hard- and software for 4
types of hydraulic ram was transferred to Zhejiang Province, with financial
and technical support from BORDA, in order to disseminate this technol-
ogy on alarger scale. By 1995, two companiesin Lishui could manufac-
ture 4 types of hydraulic ram, mini-type, type 420, 630 and 840, to meet
the various conditions of water resources and people’ s demand.

M ore than 400 sets of hydraulic rams have been installed in more than 350
of villages of Zhejiang’s. The practical application of the hydraulic ram
since 1989 has proven that it is a suitable technology for potable water
supply and for irrigation. While mainly used for irrigation, the case of each
location is checked to distinguish the priority. A good number of villages
enjoyed adomestic water supply. Some hydraulic rams are used only for
irrigating of orchards and dry land.

On average, one set of hydraulic ram replaces one 6 kW electric pump
system. Using the hydraulic ram instead of the 6 kW electrical motor
operating about 8 hours per day to supply the same amount of water, the
400 sets of hydraulic ram have saved over 6 million kWh per year. Al-
though the quantity of the electricity saved by the hydraulic ramisnegligi-
ble when compared with the total electrical power consumptioninthe
Zhejiang Province, the saving in electrical power bills of the small village
farmer is considerable. The application of the hydraulic ram profoundly
improvesthe farmers’ living standard and the agricultural production.

A study on the potential application of the hydraulicramin Zhejiang
Province was made to further plan its dissemination in Zhejiang’ s moun-
tainous and semi-mountainous areas, as well as other provinces.



The purpose of the study was:

* tofind the number of hydraulic rams needed at potential sites;
*  tosuggest policiesat different levelsto promote the dissemination of
the hydraulic ram;

*  toencouragethe manufacturing of the hydraulic ram.

The contents of the study are:

* tomakeageneral survey of countiesinthe mountainous and semi-
mountainous areas of Zhejiang Province;

*  toselect two countiesfor adetailed survey, one county representing
the mountai nous areas and the other representing the semi-moun-
tainousaresas;

* toanalyseand evaluate the dataand information feedback from the
counties;

e toanalyseand evaluatethe practical experience gained fromin-
stalled hydraulic rams;

*  toestimatethe potential number of hydraulic ramsthat could be
installed in the coming yearsin Zhejiang Province based on the
detailed survey and the geographical and topographical datainthe
whole of the province;

*  tosuggest policiesthat support the dissemination of the hydraulic
ram;

*  toschedulethe dissemination of the hydraulic ram and correspond-
ing measures.

Zhejiang Province has 61 counties. The countiesin the North plainsand
the Eastern coastal areas and islands are not suitable for the dissemination
of the hydraulic ram. The potential application of the hydraulicramis
limited in those areas. Hence, the general survey focused on the countiesin
the mountainous and semi-mountai nous areas of the Zhejiang Province.
These counties make 2/3 of the Province counties. The general survey of
these counties was based on their:

. geography and climate;
*  socio-economicdevelopment;
. economicstandard,;

. production and househol d energy consumption;

57



58

*  household, industry and agricultural water supply;
. rough estimation of the potential application of the hydraulic ram.

Thegeneral survey provided the hydraulic ram’ soperational potential in
general but did not include detailed information e.g. the potential installa-
tion sites, which necessitated a more detailed survey. To make the detailed
survey successful, several questionswere important:

1. where — the selection of the countiesfor the detailed survey;
2. how — the method of the survey;

3. who — the personnel to conduct the detailed survey;

4. what — the questionnaires for the survey.

M ountai nous and semi-mountai nous areas cover approximately 70% of
Zhejiang Province. The countiesto be selected for the survey should reflect
this geographical feature of the Province. Jingning and Jinyun countries
were selected for the detailed survey because:

. 90% of Jingning and 79% of Jinyun are mountainous or semi-
mountainous.

. Hydraulic rams have been in operation there since 1991. There are
engineers and technicianswith rich experiencein selecting sitesand
installing the hydraulic ram.

* A detailed survey of the hydraulic resources for the small and mini-
hydro power stationswas conducted from 1993 to 1995. The data
base for water resources was very helpful for the detailed survey.

. Engineersand techniciansfrom thelocal Science and Technology
Commission and the local Rural Energy Office had cooperated with
the staff of thelocal Water Conservation Bureau regarding hydraulic
power utilisation for several years. They had general information
about hydraulic resourcesin these counties.

*  Sincethe hydraulic ram was already introduced in these counties,
staff of thelocal Science and Technology Commission and thelocal
Rural Energy Office have been very active in the dissemination of
the hydraulic ram. Thereintention wasto conduct adetailed survey
onthepotential application, not only for the overall potential study



in Zhejiang province, but also for afurther dissemination of the
hydraulic ramintheir own counties.

During the general survey, dataand information on the socio-economic
development, energy consumption, water supply for domestic use and
irrigation, etc. from these two counties and other countiesin Zhejiang
Province, had already been collected. The focus of the detailed survey was
on the hydraulic resources and the possible sitesto install hydraulic rams.

Compared to the general survey questionnaires, the detailed survey was
simpler but moretimeintensive. Most of the dataand information could
not be obtained from the counties statistics or yearbooks, but only by field
visitsto therivers and their branches. Fig. 1.7.6.1 shows the structure of
theoverall potential study of the hydraulic ram disseminationinthe
Zhejiang Province.
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The personnel dealing with the detailed survey was very experiencedin
hydraulic ram application, but to unify the definition of the potential for
both countiesit was necessary to decide what criteriathe survey would use.

The number of potential sitesfor theinstallation of the hydraulic ram
varied according to the different point of views. According to the farmers
the number of potential sites are few because the hydraulic ram is not well-
known and the farmers cannot afford all of the installation costs. However,
the number of potential sites are actually much larger. The need for lifted
water was unchallenged.

Farmers have requested install ation of the hydraulic ram but in limited
numbers. These numbers no longer represents the potential demand. The
existing demand for hydraulic ram application hasincreased substantially

The potential sitesare great, when taking the vast hydraulic resourcesinto
consideration Some sites are suitablefor hydraulic raminstallation, but
thereis no demand for lifted water because there are no villages or land
needingirrigation. Therefore, taking the demand into account, the number
of hydraulic ram needed is lessthan the potential .

The factors mentioned above were analysed with technicians and engineers
from the two counties to make a unified definition of structure of the
detailed survey. It was decided that the overall potential of the hydraulic
ram should involve siteswith hydraulic resources, independent of the
present demand but taking into account future water lifting needs, whether
for irrigation or domestic water supply.

On the basis of the general survey, the detailed survey, and the data
analysis, technical and economic eval uation and comparison with other
water lifting or pumping systems, the following can be concluded:

*  Thewater supply systemsfor domestic use and irrigation are far
from satisfactory, especialy in Zhejiang’ s mountainous and semi-
mountai nous areas.

. Zhejiang Province has rich hydraulic resources, which can be
directly utilised for lifting water with an appropriatetechnology i.e.
the hydraulic ram.

*  Zhejiang’ smountai nous and semi-mountai nous areas have over 5500
sites suitablefor theinstallation and operation of over 6000 sets of
hydraulic rams.
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Compared with other water lifting or pumping systems, the hydraulic
ram isthe most appropriate device to be used in mountainous and
semi-mountainous areas where there are hydraulic resources.

The hydraulic ram can play an important role in adecentralised
potable water supply system and irrigation becauseit istechnically
reliable, economically viable, easy to install and operate, and
requires limited maintenance. It realises China’sAgenda 21’s target
for asustainablerural development, conservation of natural re-
sources, and environmental protection.



2 Function of the Hydraulic Ram

2.1 Description of the hydraulic ram

2.1.1 Water lifted by the hydraulic ram

Inrural areas, thereis great decentralised demand for water lifted for
domestic supply and for irrigation purposes. When awater sourceis
available, the hydraulic ram could be used for water lifting for both
irrigation and domestic water supply without any consumption of conven-
tional energies, such aselectricity or diesel. Although the operation of the
hydraulic ram doesn’t need any conventional input, it still needsenergy
input, in form of potential energy contained in flowing water of small
rivers or streams with natural water drop. This potential energy powersthe
hydraulic ram to lift water to a certain height. In certain cases, water could
belifted to over 100 metres. The applicable water drop, which could bein
some cases artificially made, should be in the range of 1 — 7 metres.

The hydraulic ram could not be applied in case of pumping water from
wells or water ponds, because in these cases, thereis no potential energy
availablein the water to operate the hydraulic ram.

The output of the water lifted depends on the ratio of the water lift and the
water drop (h/H), and the type and number of the hydraulic ramsinstalled.

The hydraulic ramis only apart of alifting system, which consists of a
feeding tank (or water collection chamber), afeeding pipe, afixing
foundation, adelivery pipe, etc. asshowninFig. 2.1.1.1.
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Fig. 2.1.1.1 Hydraulic ram system

2.1.2 Brief introduction of the history of the hydraulic ram
development

The hydraulic ram operation is based on the ‘ water hammering effect’
which was discovered and applied by aBritish (John Whitehurst, a member
of Loyal Academy in Derby). In 1772, he produced the first set of the
hydraulic ram applied in abrewery. At the time, this hydraulic ram could
not operate automatically. Itsvalve had to be shut off manually to create
the force of water hammering for water lifting. Therefore, he hired a boy to
close the valve by hand to lift the water for the brewery.

The structure of that hydraulic ram was simple and workmanship skill was
mediocre. It remained in operation till 1800. In 1775, John Whitehurst
announced hisinnovation.

In 1776, the Frenchman Montgolfier, who was a paper dealer and also an
innovator of the hot gas balloon, designed and produced a hydraulic ram
based on the same principle. It wasthefirst one operating automatically. It
had already all important features of the structure of the hydraulic ram
today. Montgolfier gaveit the name‘Lebelier hydraulique’. Sincethen,
thisdevice was called ‘Hydraulic Ram’.
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In 1796, Montgolfier got a patent for his design of the hydraulic ramin
Paris. Till 1820, this patent was used in the Easton Company for the
production. Based on the observation of the Montgolfier’ shydraulic ram, a
German, called Eytelwein, improved the design and made a comprehensive
series of tests.

Since 1839, scientistsin Europe had researched the water hammering
phenomenaappearing in the water pipes. In 1899, a Russian scientist was
thefirst to put forward the theory of the water hammering, which was the
theoretical basic for the development of the hydraulic rams.

From the 19" century onwards, the development of the hydraulic rams
went intwo directions, i.e. theimprovement of the mechanical design and
the theory of operation principle. Universitiesin the United States, such as
O'Brien and Gaslinein California, or Lansford and Duganin lllinois,
conducted research and experiments on the hydraulic rams.

Only two moving valves are operating the
hydraulicram
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In many other countries, people wereinterested in the hydraulic ram
application and development. In the former Soviet Union, scientist and
engineersdid alot in terms of structureimprovement and theoretical
researches on the hydraulic rams. In 1902, a set of the hydraulic ram was
installed near Moscow. It was kept running properly till 1956, and beyond.
In Romania, scientists also mad theoretical research work on the hydraulic
ram.

In 1914, a Japanese made atrial design of thefirst set of the hydraulic ram
in Japan. Afterwards, this design was greatly improved by many people,
and finalised and put into productionin 1954. In 50’ s, over 1000 sets of the
hydraulic rams were installed and operated in Japan.

Inthe early 60’ s, based on the Japanese technology, engineersin Zhejiang,
Jiangxi, Hunan and Guizhou Provinces had atrial production of the
hydraulic ramsand installed them for irrigation. Technically, thisdesign
had some shortcomings and the sites selected for theinstallation were not
appropriate. Therefore, in the practical operation, there were problems,
which could not be solved at that time. Due to technical and political
problems, thistrial was unsuccessful.

2.1.3
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Water hammering effect and structure of the hydraulic ram

The hydraulic ram was designed to apply the water hammering effect to lift
the water to a certain height. What is the water hammering effect? In one
sentence: when flow is stopped suddenly, ahigh pressure will be created in
the water, like ahammer hitting inside the pipe. This basic theory of water
hammering taking place in the pipe was put forward by a Russian scientist,
Prof. Jukowski, in 1899. Another Russian scientist, A. M. Wutlerow, made
an experimental system to observe the water hammering in operating
hydraulic rams. His experimental instrument was very simple, as shownin
Fig. 2.1.3.1.
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Fig. 2.1.3.1 experiment instrument of the water hammering effect

For the experiment, a piece of glass tube was needed, bent to the shape
showninFig. 2.1.3.1 and having asmall holein the point a. The single
steps of the experiment were as follows:

. Closethe small holewith onefinger;

. Pour the water into the glass tube until the water in point A and point
B areat the samelevel;

. Remove the finger to allow the water to run out from holea. The
water flows starts;

*  Whentheholeisclosed suddenly, the water level in position A will
become higher than position B until the water flows out of the tube.

The experiment described aboveisasimplified simulation of how the
water hammering happens in the hydraulic ram system. The only differ-
ence between the experiment and the hydraulic ram operation isthat in the
experiment the water flow was stopped by hand, and in the hydraulic ram
system the water flow is stopped by the discharging valve which close
automatically by itsown weight.

The hydraulic ram has simple structure, consisting of the ram body, air
vessel, discharging valve and delivery valveswhich arethe only moving
partsin the hydraulic ram. These moving partsdon’t need any lubrication
and observation in the operation.
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To start the operation of the hydraulic ram, the discharging valveis kept
open with ahandle; the water runsthrough the feeding pipeinto the
hydraulic ram and discharges from the discharging valve. The water flow
startsand the vel ocity isincreasing. As soon asthe velocity reachesa
certain point, the discharging valvewill be suddenly closed by thekinetic
pressure caused by the water flow hitting. The sudden stop of the water
flow creates the water hammering to push the water at high speed through
the delivery valveinto theair vessel and compresstheair intheair vessel.
With the air pressure, apart of water is pressed through the delivery pipeto
the height and the delivery valveisclosed at the sametime.

The high pressure in the chamber beneath the delivery valve, created
through the water hammering, is released by pushing the water into the air
vessel and by overcoming the resistance along the inside wall of the
hydraulic ram, the delivery valve and the pipe. Due to the decreasein the
inside pressure, the discharging valve opens automatically by itsown
weight. The water from the feeding tank (water resource with water drop)
runsinto the feeding pipe by gravity and anew cycle begins. Water islifted
by the water hammering effect and the cycleis continuously repeat .

2.1.4
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Requirements of the hydraulic ram

The precondition for the operation of the hydraulic ram isthe difference of
water level, e.g. awater drop. Water in rivers or stream with awater drop is
the carrier of potential energy. The potential energy inwater isapplied to
lift water with the help of the hydraulic ram. It is a process of the transfor-
mation of the potential energy carried in the bigger amount of water with
lower water drop, to the potential energy again but carried in the small
amount of water with high water head. Therefore, in the hydraulic ram
system, the working fluid to drive the hydraulic ram and the fluid to be
lifted by the hydraulic ram are the same one, e.g. the water.

Between the two openings of the discharging valve, water flowsinsidethe
hydraulic ram and completes the cyclethat effectsthe water lifting. The
whole cycle consists of three steps.



[ | First step (see Fig. 2.1.4.1)

Due to the opening of the discharging valve, the water flows from the
feeding tank (water collection chamber) through the feeding pipe and runs
out of the discharging valve with increasing velocity of the water flow. In
this case, through the self-weight of the delivery valve and the pressure of
water above, the delivery valves are kept closed.

I\\

Fig. 2.1.4.1 first step of the hydraulic ram operation

| Second step (see Fig. 2.1.4.2)

Thewater velocity reaches acertain point (the designed velocity), the
discharging valveisquickly closed by the kinetic pressure caused by the
water flow. Quick closing of the discharging valve stops the water flow
suddenly. The so generated high pressure of the water pushesthe delivery
valve open. The high pressure of the water compressesthe air in the air
vessel and, at the same time, pushes a part of water into the delivery pipe.
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Fig. 2.1.4.2 second step of the hydraulic ram operation

| Third step (see Fig. 2.1.4.3)

The compressed air expands and the delivery valveis closed once more
while some water is pushed into the delivery pipe again. Overcoming the
resistance in the pipes and valves, the water islifted by the energy whichis
released through the water hammer when the high pressure drops. Asthe
pressure under the delivery valve decreasesthe discharging valveisthen
opened by its own weight. With the opening of the discharging valve, the
new cyclebegins.

Fig. 2.1.4.3 third step of the hydraulic ram operation

70



2.2 Water source and water lifting

2.2.1 Water resource

What is a suitable water source, which could be applied for water lifting by
the hydraulic ram? Simply in aword, awater drop (natural or artificially
made) isanecessity. By thisit is meant that a drop would cause water to
flow from ahigher level to alower level by the gravity. Therefore, the
fixing foundation to fix the hydraulic ram hasto be lower than the level of
the water source (water surface level in feeding tank or water collection
chamber), and the level of the river or stream to discharge the water from
the discharging valve should be lower than the fixing foundation. Thisis
clearly explainedinFig. 2.2.1.1.

Fig. 2.2.1.1 level difference in the layout of hydraulic ram system

Thewater level A should be higher than the foundation fixing the hydraulic
ram B, and the foundation B should be higher than the water level C of the
river or stream to discharge the tail water from the hydraulic ram.

In some cases, where the water level A isnot naturally high enough; a
small dam to increase the water level of the water sourceis necessary. In
the practical installation, it issuggested that the site sel ected for the
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hydraulic ram installation should have awater drop in range of 1—7
metres. When the water drop isless than 1 metre, the only way to use the
hydraulic ram would be to artificially increase the water drop. There are
two ways to increase the water drop:

*  Toraisethewater level of the water resource by building adam or
increasing the height of the dam, to build achannel to guidethe
water from the rivers or streams; or

*  Tomakethelevel of thefoundation for fixing the hydraulic ram

lower by digging if thetail water could not be discharged automati-
caly.

Whatever is applied to increase the water drop, two question should be kept
inmind:

o Isthisadditional investment affordable?

. Isit worth to put thisinvestment in comparison to any other alterna-
tives?

It isquite clear that the higher the water drop, the more the output of the
water lifted. The comparison should be done between the additional
investment for increasing the water drop and the additional output of the
water lifted, e.g. to compare the marginal investment with the marginal
benefit dueto the additional output of the water lifted.

2.2.2 Rough quantity measurement of the water flow

The different types of the hydraulic rams make different demands on the
quantity of water flow. For instance, BIL 840 needs much more water for
its operation than BIL 420, and the mini hydraulic ram (Ladakh model)
needsevenless.

According to the practical experiencein the hydraulic ram operation, the
minimum water quantity of the water flow required by each type of the
hydraulic ram are approximately as follows:

. 100 - 80 litres per second for BIL 840
. 50 — 40 litres per second for BIL 630
. 25— 20 litres per second for BIL 420
. 10— 5litres per second for mini type
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When the water flow is less than necessary, the hydraulic ram will not
work. So it isnecessary to identify the water quantity from the water
source. There are several ways to measure the water flow roughly.

When possible, the easiest way isto guide the water flow through awater
pipe or water trough into abucket. Thetimeto fill the water bucket and the
water quantity in the bucket have to be measured. To make the measure-
ment more accurate, the time and weight measurement could be repeated
several timesto get the average data.

In casethereisno possibility to guide the water into apipe, in order to get
the data of the water flow, awater-discharging outlet should be made as
showninFig. 2.2.2.1.

The width of the outlet could be in the range of 0.5—1 metre. The table
2.2.2.1liststhe water flow in the different depth of water flowing over the
outlet. After theidentification of the water flow, and considering the water
demand, the type of the hydraulic ram could be decided.

Fig. 2.2.2.1 water flow measurement
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Ahydraulicraminstalled at a sitein the mountain area



Table 2.2.2.1 water flow in different depth of water

Thickness of

Thickness of

water overflowing | VA IOW \ater overflowing  YWater flow

(mm) (Lis) (mm) (L/s)
10 1.7 240 202
20 58 245 207
30 9.7 250 212
40 15 255 220
50 20 260 226
55 23 265 233
60 26 270 239
65 30 275 245
70 32 280 253
75 36 285 259
80 40 290 266
85 43 295 273
90 47 300 280
95 51 305 287
100 56 310 203
105 60 315 301
110 64 320 309
115 68 325 315
120 72 330 323
125 77 335 330
130 82 340 338
135 86 345 345
140 92 350 353
145 97 355 360
150 101 360 368
155 107 365 375
160 111 370 382
165 117 375 392
170 121 380 399
175 127 385 408
180 132 390 415
185 138 395 423
190 143 400 431
200 154 405 439
205 160 410 447
210 166 415 455
215 171 420 463
220 176 425 472
225 182 450 514
230 188 480 567
235 194 500 603
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2.2.3

Water quality

In nature, there is no purely clean water. When rain falls, it touches air, soil
and any other materials. Water is no more pure. Although thiskind of water
isnot pure and it could contain some mineral elements, it isnot harmful to
be used as drinking water. But in some cases water contains some harmful
elements, which is not drinkable. Especially, river water and streams are
polluted by the pollutants from wastewater, garbage disposal or by some
production activities, such as pesticides sprayed against plant diseases or
insects.

It is known that the hydraulic ram could lift water from rivers or streams
with awater drop. The water in the rivers and streams is surface water,
which can be easily polluted. When the site for the hydraulic ram water
lifting system is selected, attention must be paid to the quality of water,
especially the sitefor thein case of drinking water supply.

Before the decision is made for the site selection, the water quality must be
tested. Althoughin China, people have acustom to drink the water boiled,
the polluted water will contain some toxic elements which are very harmful
for the peopl€’ s health. If the siteis selected for irrigation purposes, the
problem of water quality will be of lessimportant.

2.2.4
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Natural drop and water lift

The water drop makes the water to flow through the feeding pipe, and the
water flow make the hydraulic ram to operate. Therefore, it isamust that
the water resource used for the hydraulic ram operation has awater drop in
therange of 1 — 7 metres.

In the mountainous and semi-mountainous areas, small rivers or streams
with acertain natural water drop can be found easily. But in some places,
the natural water drop is not high enough to meet the lowest demand, for
instance:

. Natural drop islessthan 1 metre, which isthe lowest for the hydrau-
lic ram application;



i In the case that the natural drop is higher than 1 metre, but the
required lift ishigh, theratio of thelift to the drop isbig, the output
of the lifted water is less than the demand of lifted water;

. In the case the water demand is high, increasing the water drop could
increase the water output, because increasing the water drop will
reduce theratio of lift to the drop, and then, more water can be
lifted.

There are several ways to increase the water drop. Some simple ways are as
follows:

*  Tohbuild adam or make the existing dam higher;

*  Tobuild achannel to guide the water from up reaches of the stream
totheplacefor the hydraulic raminstallation;

. Installation of apipe connecting water from the up reachesto the
placefor the hydraulic raminstallation, with the help of the siphon;

*  Tomakethefixing foundation lower by digging only inthe casethe
tail water could be discharged automatically.

In the case of building adam or increasing the height of the existing,
following points should be kept in mind:

. Theriver or stream is not wide;

*  Theriseof thewater level caused by the dam will not flood the land
besides therivers or streamsin up reaches;

. In the raining season, the water could be easily discharged to avoid
theflooding disaster.

When the natural slope of theriver islimited, it will be no good ideato
build adam or to raise the dam’ s height. It is necessary to build achannel
to guide the water from up reaches. In this case, the following points
should be put into the consideration:

o Size of the section of the channel, such as: 45x45, or 40x40, or

40x35mm;
. Slope of the channel, such as 0.7%.
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These are the basic datato design achannel. They are calculated from
information, such as:

. Lifted water demand;
. Selected type of the hydraulic ram;
. Expected ratio of thelift to the drop;

e Water flow for the hydraulic ram operation.

Thenatural drop of water

In construction of achannel to guide the water from up reaches, the slope
of the channel is key parameter to get the expected water drop. But
sometimes, it isdifficult or it isvery expensiveto build achannel, dueto
thetopographical conditions, then, awater guide pipeline could betaken
into consideration. It isnot necessary to install the pipein acertain slopeto
keep the water. The water inside the pipeline can automatically flow with
the water pressure on getting to the top. In the connection of the water pipe
with the feeding tank, the water will rise, with the help of the siphon, to
amost the same level asthat in the up reaches of therivers or streams.

Thekey parameter in this caseisto select the right diameter of the pipe
that can deliver sufficient water to operate the hydraulic ram. The diameter
of the pipeis decided by the water flow needed for the type of the hydrau-



lic ram selected and the ratio of thelift and the drop.

Whichever method is applied to increase thelift, it is necessary to make the
analysis of the marginal cost, e.g. additional cost to increase the height of
the water drop, comparing with the marginal benefit, e.g. the benefit gained
by the additional water output, because maximisation of the water outputis
not the purpose of the optimisation of the hydraulic water lifting scheme.
The purpose of the optimisation isto maximise the economic benefit.

Anartifial dropisbuilt

The concrete pipe with the proper connection could be agood recommen-
dationfor the pipelineinstallation.

The only way to maximise the output of the lifted water isto minimisethe
ratio of the lift to the drop. Therefore, the water lift should be as low as that
itisjust high enough to cover the necessary height for the water supply.

Sincein the case the water drop isfixed, the higher the water liftis, theless
water could be lifted. It means every metre of the water lift isrealised by
theloss of thelifted water quantity asthe cost.
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2.3 Hydraulic ram production

23.1
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BIL type hydraulic rams

Intheinternational co-operative project undertaken by the BORDA
(Bremen Overseas Research and Devel opment Association) co-financed by
the German Government and the Commission of the European Union, the
manufacturing technology of the hydraulic ram, including the software
(completed set of the blueprints) and hardware (moulds for casting) were
transferred free of charge to China.

Since the town Lishui islocated in the heart of the areawhich is suitable
for hydraulic ram application, two companies were selected there for the
production.

Based on the manufacturing technology provided by BORDA, the Huaxia
Company in Lishui produces 3 types of hydraulic rams, BIL 840, BIL 630
and BIL 420, principles and functions of which are similar.

Theonly differences between the types are:

e thewater output in the sameratio of thelift to the drop, and

* therequested water flow to operate the hydraulic ram.

In case theratio of thelift to the drop has the factor 10, the water drop is
2 m, the water should then belifted to a height of 20 m. The efficiency of
the water lifted for the different typesis asfollows:

| BIL 840, 250 — 300 m¥/ 24 hrs (day);
| BIL 630, 120 — 150 m®/ 24 hrs (day);

| BIL 420,60 — 80 m¥ 24 hrs (day).

The main technical datafor thesethreetypesarelistedin Table2.3.1.1



Table 2.3.1.1 main technical data of the different type of the hydraulic rams

Weight D|ameter_of D|ameter_of Size
Type (kg) f‘?emdr;:}?ng'se dzm%&ge (length x width x height)
BIL 840 980 216/8 108/4 950x630x2200
BIL 630 578 159/6 80/3 520x420x2130
BIL 420 335 108/4 54/2 425x350x1840
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Fig. 2.3.1.1 principle drawing of BIL type hydraulic ram
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2.3.2

Various other models of hydraulic ram and mini-type
hydraulic ram

During the co-operation project of hydraulic energy utilisationin China
and India, besidesthe manufacturing technology of BIL type provided by
BORDA another type of the small hydraulic ram was transferred from the
Ladakh areain Indiato Zhejiang Provincein the P. R. of China. Thistype
was originally manufactured out of pipefittings. BORDA upgraded this
model to a casted type, and INTECO in Delhi afterwards started produc-
tion.

Thistype of the hydraulic ram is suitable for individual water supply for a
few familiesin avillage. Dueto the limited capacity of the water lifting
and the small size of the device, amini type (Ladakh model) is used for
thiskind of production. The mini type works on the same principle, but its
structureis different (see the principle drawing of the mini typein Fig.
2.3.2.1)
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The mini type has the water lifting capacity in the range of 1 —2 méwithin
24 hrswhen the ratio of thelift to the drop (H/h) is 10. Its feeding pipe has
the diameter of 2" and the delivery pipe has the diameter of 1”.

Thistype of the hydraulic ram isvery popular in Ladakh in the Himalayan
area of India. Due to the scattered locations of the farmer familiesin that
area, similar to the Himalayan areain Tibet Autonomous Region and
Qinhai Provincein P. R. of China, the mini type just meetstheindividual
family’ swater demand dueto the limited investment in theinstallation and
|ess sensitive operation condition.

Selecting the type of hydraulic ram

The selection of the type of the hydraulic ram should be made with the
consideration of following dataand information:

. Lifted water demand and itstendency;

. Potential water users;

*  Available water resource during the different seasons of the year of
water management;

. Natural water drop;

. Possibilities of the water drop increase and their marginal costs;

. Necessary height of water lift.

Thelifted water demand, itstendency and the potential water users could
givearelatively comprehensiveidea of the water demand, considering the
local socio-economic development. Theremaining informationandthe
data are able to make the choice of the type and to show how much water
could belifted.

When the water resource is limited, water flow isthe key parameter to
choose the type, then the compromise between the water supply and
demand becomes necessary. When the water resource is abundant, the
lifted water demand becomes a key parameter to select the suitable type
and number of the hydraulic ram installed.
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The hydraulic rams (in different types or sametypes) could beinstalled in
parallel as per pricipledrawing in Fig. 2.4.9.1. The more sets of the
hydraulic rams areinstalled, the more water could belifted. In this case,
the water demand changed due to therising living standard and the
increasing population. Also the growing potential of water use for irriga-
tion of fruit trees, vegetables, mushrooms, etc. should be taken into
account.

234
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Water lifted

The water quantity lifted is mainly depending on (H/h) theratio of the
water lift to the drop. The smaller theratio is, the more of water could be
lifted.

Themini-hydraulicram



Thedifferent size of the mini-hydraulic ramand the BIL 420 family typeis obvious.

Althoughitisdifficult to get the exact water output dueto the different
ratio (H/h), resistance of water head | oss, operation frequency adjustment
and thewater level in the feeding tank and water level in the discharging
pond etc., theoretically thereisaformulaavailableto calculatethelifted
water output:

q=h xh xQ/H

Where:

g: quantity of water lifted (litre/second)

Q: water flow into hydraulic ram (litre/sec.)
h: water drop of water resource (metre)

h: efficiency of hydraulic ram itself

H: water lift, (metre)

According to the datagot from the laboratory experience, the efficiency of
the hydraulic ram with 100 mm of the feeding pipe’s diameter, varies with
the H/h ratio, which is shown in the curve in Fig. 2.3.4.1, (source: ‘Die
Pumpe’, 1963).
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Some similar experiments for getting the water lifting efficiency of the
hydraulic ram with 100 mm feeding pipe were done. The main data are
shownin Fig. 2.3.4.2, Fig. 2.3.4.3 and Fig. 2.3.4.4, (source: ‘Hydraulic
Ram Experiment’, Wang Rongdu, 1964)

Water islifted to quite high situated fields
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Fig. 2.3.4.1 efficiency curve of hydraulic ram with 4’ feeding pipe
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Fig. 2.3.4.2 water lifting efficiency in the condition of 1 metre of

drop and working frequency of 29 per minute
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Fig. 2.3.4.3 water lifting efficiency in the condition of 1.6 metres of
drop and working frequency of 20 per minute
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Fig. 2.3.4.4 water lifting efficiency in the condition of 3 metres of
drop and working frequency of 24 per minute
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Infield practice, the water output will belessthan the calculated g, because
of the water head loss due to the resistance in the system. Therefore, the
revised formulais:

g=h-h-Q/(H+H,)

Where:

H,: water head loss due to the resistance.

Thelifted water quantity g of the different types of hydraulic ramin the
variousratio of h/H isshownin Table 1.

The resistance depends on the resistance in the bends and elbows, and on
the consistency of theinsidewall of delivery pipe. It will be further
discussed as aspecial topicin this chapter.

Table 1 relation between lifted water quantity and ratio (h/H) for reference

Unit: litre/minute

Type | BIL840 BIL630 BIL420
Ratio (h/H)

2 423 325 175

4 365 216 84

6 305 171 64

8 260 144 51
10 219 124 43
12 193 111 36
14 180 99 33
16 157 20 27
18 144 81 25
20 133 75 21
22 125 67 20
24 116 63 19
26 108 57 16
28 98 51 15
30 90 49 13
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In the practice, the lifted water output from the hydraulic ram scheme will
beless than the data shown in the above table 1, because the head | oss of
the delivery pipeisnot taken in account dueto the differences from place
toplace.

The mini type of the hydraulic ram (Ladakh model) is more flexiblein the
installation. In principle, theratio of the length of water drop to the feeding
pipe should be 1:8. But in the practice, when theratioisin the range of 1:4
— 1.8, the scheme still could work. Some experimental data showsthe
relationship between theratio (h/H), water output in the different ratio of
the water drop to the length of the feeding pipe. All these dataarelistedin
Table2.

Inthe practical installation, the water output of the mini typewill be also
|ess because the scheme’ swater head |oss could not be taken into account
dueto the different delivery pipesfrom placeto place.

Table 2 experiment data for the mini type (Ladakh model)

Water drop Lift fel_e?jri]géhpci);e Water output

(metre) (metre) (metre) (Litre/hour)
1.00 10 8.00 168
1.00 8 8.00 285
1.00 6 8.00 411
1.14 10 8.00 392
1.14 8 8.00 426
1.14 6 8.00 480
1.00 10 6.00 198
1.00 8 6.00 294
1.00 6 6.00 552
1.14 10 6.00 402
1.14 8 6.00 432
1.14 6 6.00 528




24 Hydraulicraminstallation

24.1

Site selection

Site selection isthe most important condition for the hydraulic ram
installation and operation. If the site sel ected is a suitabl e one, over 50% of
the success has been already gained. It is necessary to understand if thereis
apossihility for the hydraulic ram operation and what is suitable for the
site. The possibility meansthat it ispossibletoinstall the hydraulic ram
and operateit, e.g. thereiswater drop available. But possibility does not
mean suitability because suitability requiresmore:

*  What kind of water flow, river, stream, or the water released from
reservoir, etc.

*  Water quality of theresource

*  Water demand, including the estimated potential demand

. Necessary height of thelift

i Distance from the installation site to the water users

*  Change of thewater flow in dry season and raining season

*  Any possibility of the pollutant discharged to the water resourcein
up reaches

. How to raise the additional water drop, if the water drop is not high
enough

. Possibility to storethelifted water
i How high istheinvestment for the system

e  Whatistheestimated potential benefit

After all these questions are identified, and the answers sound positive, this
site could surely be a suitable site, otherwise, some more comparisons with
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other alternative should be made for the final decision. These comparisons
should cover the aspects of :

*  Technical reliability

. Investment and running costs, e.g. economic situation of the farmers
. Operation, maintenance and necessary repairs, etc.

2.4.2 Layout design of the system

Whilethesitefor the hydraulic ram installation is selected, the design of

the system layout becomes the next important step. A good design should
takeinto account of thelocal topographical condition and existing facili-

ties, which are possibly integrated into the hydraulic ram system.

Sincethetopographical conditionandlocal existing facilitiesaredifferent
from placeto place, thereisno standard layout available to guide the
design. But the most important principlefor thelayout designis:

. to minimisetheinvestment in construction

*  tomaximisethe natural water drop asfar as possible by using the
natural slope

* touseasmuch aspossiblethe existing facilities, such as, existing
channel to guidethe water flow, existing pipeline used for the
irrigation system, existing water tank or water pond for the lifted
water storage, etc.

A good design can save considerableinvestment cost in certain cases, and
the output of the water lifted can be considerably increased with the help of
aclever layout design.

Fig. 2.4.2.1 shows the principle drawing of the hydraulic ram installation.
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Fig. 2.4.2.1 the principle of the layout for the hydraulic ram installation




The hydraulic ramisfixed in a small pond

After the layout design is done, the detailed design should be made, which
includes:

. Feeding tank or water collection chamber, including the water guide
facilities, such as, channel or siphon pipeline;

. Feeding pipeto create the water flow entering the hydraulic ram;
. Foundation fixing for the hydraulic ram;

. Discharging pond, including the outlet for water overflowing;

*  Delivery pipeline, including thevalves, bends or elbow necessary;

*  Water storage, water distribution pipeline or channel for the water
usersor other irrigation techniqueslike sprinklersor drop irrigation.

2.4.3 Feeding tank (collection chamber)

The functions of the feeding tank are:

*  Toguidethewater to thefeeding pipe;
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*  Toadjust thewater quantity in short time and to keep the necessary
height of thewater level abovetheinlet of the feeding pipe;

*  Tofilter thegrass, plants, garbage and sedimentsto the feeding pipe
and the hydraulic ram;

*  Tostop the water entering the system while the system needs
maintenance.

A very important point isto keep the water level abovetheinlet of the
feeding pipe over 30 cm and keep the distance between theinlet of the
feeding pipe and the bottom of the feeding tank also over 45 cm. If the
natural structure of the stream has awater collection chamber which has
the same functions of the feeding tank, the feeding tank might not be
necessary inthiscase. A gridisaways necessary to collect the garbage
from the water to avoid disturbance during the operation of the system.

24.4

Feeding pipe

The composition of the feeding pipe, which is connected between the water
resource in the feeding tank and the hydraulic ram to guide the water flow
into the hydraulic ram, is an important factor for the system.

The length of the feeding pipeis 8 times as the water drop. It means, when
water drop used for the water lifting system is 2 metres, the length of
feeding pipe should be 16 metres. In the same way, when the water drop is
3 metres applied in the system, the feeding pipe has to be 24 metres. In this
way, it keepstheright installation angle of 7 degrees for the feeding pipe,
which isan empirical size.

In other words, the technical requirement for the feeding pipeinstallationis
to keep the angle between the horizontal and feeding pipein 7 degree,
because thetype BIL hydraulic ramis designed to operate in thisangle and
the flange connecting the feeding pipe with the hydraulic ram is designed
in the same angle. While the angleis bigger or smaller than 7 degree, the
hydraulic ram failsto operate. Moreover, the feeding pipe should be
installed straight.

In order to facilitate maintenance, thereisavalveinstalled in the feeding
pipe to shut the water flow when necessary. Thisvalveisnot amust, but a
recommendation. To saveinitial investment cost, itisnot installed in the
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system in most of the cases, as the field experience shows, because valves
having adiameter of 8, 6" and 4’ are quite expensive.

It is suggested that seamless steel pipes should be used as feeding pipe,
because its pressure and vibrate-resistant. It is not recommended to select
theiron casting pipe as well asthe concrete pipe. Farmers sometimeslike
to use second hand pipesto reducetheir investment.

2.4.5 Fixing foundation and installation of the hydraulic ram

In operation, the hydraulic ram should betightly fixed against the strong
vibration due to the high pressure caused by the water hammering. At the
bottom of the hydraulic ram, there are 4 holes for the fixing bolts, which
aretightly casted into the concrete foundation. With the help of these 4
bottom bolts and nuts, the hydraulic isinstalled on thefoundation. The
foundation should be strong enough to overcomethevibration. Stability
and firmness of the foundation have to be made sure before fixing the
foundation boltsfirmly.

Some points should be kept in mind:

*  Theright grade of cement in the concrete
*  Themaintenance period for the concrete
*  Thedepth of thefoundation boltsinsertinginto the foundation

. Horizontal of thefoundation

The cement used for the concrete foundation should be higher than B 35
grade of the cement, and the time for the concrete maintenance should be
at least 28 days. Theboltsinserted in the foundation should have adepth of
85 cm for 840 type, 71 cm for 630 type and 420 type, to make sure that the
they are strong enough to withstand the vibration caused by the hydraulic
ram operation.
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2.4.6

Discharging pond

Thedischarging pond hastwo functions:

. Keepthedischarging water level covering thedischarging valve

*  Createthebackflow, allowing an easy opening of the discharging
valve

According to the standard of the hydraulic ram installation, the discharging
pond should keep the discharging water high enough to just cover the
upper edge of the discharging valve. In this case, some air necessary could
comeinto theair vessel.

When the water level istoo high, no air is coming through the discharging
valveinto theair vessel. When water level istoo low, too much air will
comeinto the air vessel. According to the design of the hydraulic ram,
these two caseswill disturb the proper operation efficiency of the hydraulic
ram. Although the type of BIL hydraulic ramisnot sensitive for the water
level of the discharging pond, it can operate even when the water covers
whole lower portion of the air vessel or when there is completely no water
covering the hydraulic ram in the case the discharging pond is not built, the
right water level in the discharging pond should be kept for two reasons:

This photo shows the compl ete system
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. Efficient output of the water lifted
. Stable operation for the hydraulic ram system

Thesize of the discharging pond is not strictly standardised, but the
distance between the hydraulic ram and theinside wall oppositetothe
discharging valve should follow the standard designs:

e fortypeBIL 840, 2 metres
e fortypeBIL 630, 1.6 metres
e fortypeBIL 420, 1.4 metres

Theright distance will create a backflow from the inside wall of the
discharging pond which helpsto open the discharging valve. The standard-
ised design of the discharging pond could also help to operate the hydrau-
lic ram system in an efficient way and keeps the operation of the system
stable. The pond should have agate to drain off the water for maintenance
and frost protection in winter.

2.4.7
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Delivery pipe

Thedelivery pipeisapart of the system to deliver the lifted water to the
expected height.

Theinstallation of thedelivery pipe should follow the principles:

. Minimisetheresistanceinthe pipeline
. Minimisethe cost of the delivery pipe

Using as many bends as possible instead of elbows, and using the bends of
obtuse angleinstead of right angle or acute angle, could reduce the
resistanceinsidethe delivery pipe. Thelayout of thedelivery pipe should
be designed in away keeping the slope continuously high until reaching
the water storage. When the delivery pipeisinstalled up and down, the air
will stay inside the pipe, which will increase the resistance. Every resist-
ance will lead to awater head loss and reduce the output of the water lifted.



For minimising the cost of the delivery pipe, there are several waysto be
recommended. Whenitispossibletoinstall the delivery pipe underground,
the PV C pipe could be used instead of steel pipe. When the delivery pipeis
long, the diameter of the pipeline could be smoothly reduced. For instance,
whentypeBIL 630isinstalled, the delivery pipe should be a pipewith 3’
of the diameter. But after 20 — 30 metres of 3' diameter pipe, a pipe with
diameter of 2.5’ or 2’ could be connected with reducing joint. In the same
way, the pipe with diameter of 1.5 could be connected further on accord-
ing to thelifted water output.

In the cases when 2 or 3 or even more sets of the hydraulic rams are
installed parallel, the delivery pipesfor every set could be merged one after
the other into one delivery pipeline, after approx. 10 metres of the indi-
vidual pipelines.

The water head lossis mainly caused by the friction between the water and
theinsidewall of the delivery pipe. The longer the delivery pipesand the
higher the velocity of the water inside the pipeis, the greater isthe water
head | oss. Thiswater head loss could be cal cul ated according to the datain
Table2.4.7.1.
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Table 2.4.7.1 water head loss in every 100 metre pipeline

Water lifted Diameter (mm)

L/s M’/d 25 50 70 80
0.070 6.000 0.250 0.0063 0.0016 0.00055
0.075 6.500 0.290 0.0073 0.0018 0.00063
0.080 6.900 0.340 0.0082 0.0020 0.00072
0.085 7.300 0.380 0.0093 0.0023 0.00081
0.090 7.800 0.420 0.0100 0.0026 0.00091
0.095 8.200 0.470 0.0120 0.0029 0.0010
0.100 8.600 0.520 0.0130 0.0032 0.0011
0.110 9.500 0.630 0.0160 0.0039 0.0013
0.120 10.400 0.750 0.0190 0.0046 0.0016
0.130 11.200 0.880 0.0220 0.0054 0.0019
0.140 12.100 1.020 0.0250 0.0062 0.0022
0.150 13.000 1.170 0.0290 0.0072 0.0025
0.160 13.800 1.330 0.0330 0.0082 0.0029
0.170 14.700 1.490 0.0380 0.0092 0.0032
0.180 15.500 1.680 0.0420 0.0100 0.0036
0.190 16.400 1.870 0.0460 0.0120 0.0040
0.200 17.300 2.070 0.0520 0.0130 0.0045
0.250 21.600 3.240 0.0810 0.0200 0.0070
0.300 26.000 4.660 0.1200 0.0290 0.0100
0.350 30.000 6.350 0.1600 0.0390 0.0140
0.400 34.560 8.290 0.2000 0.0510 0.0180
0.450 38.880 10.50 0.2600 0.0640 0.0220
0.500 43.200 12.90 0.3200 0.0790 0.0280
0.600 51.840 18.60 0.4600 0.1150 0.0400
0.700 60.480 25.40 0.6300 0.1500 0.0550
0.800 69.120 33.20 0.8200 0.2000 0.0700
0.900 77.760 42.00 1.0400 0.2600 0.0900
1.000 86.400 51.80 1.2900 0.3200 0.1100
1.500 129.60 116.60 2.9000 0.7200 0.2500
1.600 138.24 132.50 3.2900 0.8100 0.2800
1.700 146.88 149.70 3.7200 0.9200 0.3200
1.800 155.52 - 4.1700 1.0300 0.3600
1.900 164.16 - 4.4600 1.1500 0.4000
2.000 172.80 - 5.6800 1.4000 0.4900
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2.4.8

Water storage

In the hydraulic ram system, the water storageis not absolutely needed, but
it will be better if awater tank could be built for storing the lifted water.

To meet the demand of water, in many cases, the water storage is neces-
sary, because the instantaneous water demand might exceed the quantity of
possible water lifting. The hydraulic ram could lift the water for about 24
hours without pause. The water storage will be functioning as areservoir to
meet the big amount of the water demand in a short time.

If it ispossibleto integrate the system into an existing water pond or water
tank, theinitial cost, especially thelabour cost, will be considerably
reduced.

If anew water tank isto be built, the following should be taken into
account to decide on the necessary volume and on the way of water
management:

*  When does the highest water demand happen? For what period of
time?

*  What isthe demanded quantity of water and how doesit change
during 24 hours?

*  Whatisthewater quantity lifted within 24 hours?

*  What isthe easiest way to make water management most efficient?
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2.4.9 Hydraulic ram installed in parallel and in series

Several sets of the hydraulic rams could beinstalled in parallel or series
according to thelocal condition. In the case, the water resourceisrich and
water demand is high, single set of the hydraulic ram could not lift the
sufficient water to meet the demand, it isrecommended to install several
sets of hydraulic rams parallel in arange. In principle, the number of
hydraulic ramsinstalled in parallel isnot limited. Thelayout design of the
parallel installationisshowninFig. 2.4.9.1.

Fig. 2.4.9.1 Parallel installation of the hydraulic rams

In case, the single set of the hydraulic ram could not meet the demand, but
the water resource is abundant, it is recommended to install two or three
setsin series.

On principle, it should be kept in mind that the type of hydraulic ram
installed in the second step should be one type smaller than that of the
hydraulic raminstalled in thefirst step. For instance, in case three sets of
hydraulic rams areto beinstalled, in thefirst step, a set of 840 type should
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beinstalled, then aset of 630 type in the second step and a set of 420 type
in thelast step (e.g. third step in this case). Fig. 2.4.9.2 shows the layout
design of the serial installation of two sets of hydraulic ram, as an example.
Thetailwater of the bigger oneisthe source for the smaller one.

Fig. 2.4.9.2 serial installation of two sets of the hydraulic ram

!‘tﬁ"" St W S W o . .

Anumber of 8 hydraulicramsinstalled in seriesin the Indian mountain area of Dehradun

¥ et
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2.5 Hydraulic ramoperation and maintenance

2.5.1 Operation

After awater lifting scheme with the help of the hydraulic ramisinstalled,
the operation of the system become possible. Before starting operation, itis
necessary to check the water level above the feeding pipe. The water level
should be higher than 30 cm, otherwise, the air will flow with the water
into the hydraulic ram, and the output of the water lifted will be obviously

reduced, or the operation will even be disturbed and the hydraulic ram fails
to work (see Fig. 2.5.1.1).

Fig. 2.5.1.1. feeding pipe’s inlet position

Theinlet of the feeding pipe is more than 30 cm below the water surface
and should have adistance of at |east 45 cm to the bottom of the feeding
tank to avoid that sediments are flowing with the water into the hydraulic
ram because stones, sand or sediments will disturb operation. It is easy to
start the operation of the hydraulic rams. With the help of ahandle, the
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discharging valveisopened. Then keep the valve opened for afew seconds
and take the handle away from the valve, the valvewill be automatically
closed and the operation starts.

In the centre of the discharging valve, thereis an adjustment screw, which
could be used to adjust the operation frequency of the hydraulic ram. The
times of opening and closing of the discharging valvein acertain period,
for instance in aminute, mean the operation frequency of the system,
which should preferably be in arange of 12 — 35 times per minute accord-
ing to theratio (h/H) of thelift to the water drop. According to field
experiences, the optimum is 24 time per minute.

When the adjustment screw is turned clockwise, the operation frequency
will be faster, vice versa; the operation frequency will be slower. It is not
true that the faster the operation frequency is, the more water could be
lifted. In the certain ratio (h/H), there is an optimal frequency. Thereisno
theory availableto give the optimal frequency. It could only be found out
in the practical operation. The stepsto adjust the screw to get the optimal
frequency are asfollows:

. First step: Start the operation with alower frequency, for instance, 18
times per minute and measure the lifted water quantity;

. Second step: Turn the screw 360° clockwise and measure the
frequency and the water output;

*  Thirdsstep: Repeat the second step, make the measurement, and
write down the frequency and the water output. Make the data
comparison between the water output with the increase of the
frequency;

. Fourth step: Stop turning the screw for increasing the frequency
when no increase of water output is found through increase of the
frequency;

. Fifth step: Fix the adjustment screw with the counternut outside the
discharging valve, because the position of the adjustment screw isin
aposition to have an optimal frequency.

There are three examples to explain the procedure of the frequency
adjustment to maximise the water output. The optimal operation frequency
of the hydraulic ram varies according to the different water drops, lifting
height and the types of the hydraulic rams. Some experience was gained to
find the optimal operation frequency for different types of the hydraulic
ram in the practical operations, shownin Table2.5.1.1, 2.5.1.2 and 2.5.1.3.
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Table 2.5.1.1 - Table 2.5.1.2 - Table 2.5.1.3

. Lifted water Average quantity of Average water
gﬁq‘yg]‘%’ Isegé é‘:&? quantity e lited lifted %er day
(kg) (ka) (m’/day)
| Table 2.5.1.1 experiment data for type 630 in water drop of 3 m and lifting height of 25 m
23 300 307.5 1.025 88.56
16 217 307.5 1.417 122.433
13-14 195 307.5 1.577 136.246
11 325 307.5 0.946 81.747
Table 2.5.1.2 experiment data for type 420 in water drop of 5.5 m and lifting height of 63 m
26 484 112.6 0.233 20.1
20 355 112.6 0.317 27.4
16 292 109.2 0.374 32.3
14 314 133.25 0.424 36.7
Table 2.5.1.3 experiment data for mini type in water drop of 1.51 m and lifting height of 10.8 m
56 10 451 0.45 649.4
53 10 4.77 0.477 686.9
50 10 5.09 0.509 733.0
44 15 7.00 0.467 672.0
39 10 3.49 0.437 632.2
34 5 1.96 0.393 564.5

In general, the optimal frequency will be lower with the increase in (h/H) ratio of the water lift to
the drop.

The hydraulic ram hasto be startet with a handle which opensthe outer valve
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2.5.2

Maintenance and repairing

Compared with the el ectrically operated pumping system or diesel pump-
ing system, the maintenance of the hydraulic ram water lifting schemeis
much easier. The maintenance for keeping the system properly operating
includes:

e  Tokeeptheright operation frequency;

*  Tokeepall nutsand screwstight;

*  To make the measures for anti-frozen;

*  Toremovethe garbage, straws or bushes from theinlet of feeding
pipe.

Dueto vibration caused by the water hammering, the fixed adjustment
screw will move away from the optimal position. By measuring the
operation frequency, it iseasily known if the system is still working in the
optimal condition, if not, by loosing thefixing nut and turning the adjust-
ment screw anti-clockwise (in case that the frequency is higher) or clock-
wise (in the case that the frequency islower) the optimal frequency could
bereached again.

Although the hydraulic ram could continuously work without regul ar
inspection, simple maintenance is necessary once amonth or half month at
maximum, especially to make surethat all nuts and screws are properly
tightened. Sincethe hydraulic ram operation createsthevibration all the
time, the nuts and screws, especially the nuts fixing the foundation bolts
and the nutsfixing the air vessel with the lower part of the hydraulic ram,
could becomeloose.

Under mild climatic conditions, winter will not create frost problemsto
systemsthat are kept working all the time, like domestic water supply
systems. |n southern parts of the P. R. of China, such as, Zhejiang Province
and Sichuan Province, the system for the domestic water supply will not be
harmed by low temperatures (lowest temperature —10° C), which already
occurred in several years. Operation of systemsfor irrigation will, however,
be stopped during winter because the low temperature can cause damage.

Since the water resource protection is still far from the satisfaction in the
rural area, very often there are garbage, straws, bushes or plastic waste
flowing with the water. So agrid should beinstalled in front of the feeding
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tank, at least, there should be agrid in theinlet of the feeding pipe, for
filtering all floating material before entering the hydraulic ram system.

Usually, small stones or sand will not disturb the operation, but they will
reduce thelifetime of the rubber sealsfixed in the discharging valve. But
the plastic waste, straws, branches of the bushes or trees will be easily
blocked betweenthedelivery valveand let it fail to closetightly. Inthis
case, the hydraulic ram is out of operation.

Besidesthe grid for filtering the garbage etc., it is al so necessary to remove
the garbage from the grid in certain intervals, otherwise, the garbage will
block the grid and reduce the water flow into the feeding tank. Then the
water level abovetheinlet of feeding pipeisgetting lower till acertain
level, the air entersinto the hydraulic ram and reduces the water lifted, or
stopsthe operation. In casethat thereisagridintheinlet of the feeding
pipe, when garbage blocks the feeding pipe, the hydraulic ram stops
automatically, because the water flow is not sufficient to create kinetic
pressure necessary for the operation of the system.

2.5.3
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Problem shooting

Although the schemeiseasy toinstall, operate and maintain, it isstill be
possible to have problems sometime. In the following table there are
problems listed, and al so measures and sol utions to solve these problems.



Problems and solution

Problems

Main causes

Solutions

Discharging valve could not be
opened and closed

1.

Water level in the
discharging pond is too

1.

Raise the water level in
the discharging pond,;

automatically low; 2. Remove the stones, sand
2. Stones, sand and other or other solid matters from

solid matters are blocked delivery valve;
in the delivery valve; 3. Tight the screws in the

3. Leakage of the discharging valve;

discharging valve; 4. Adjust the frequency to

4. Improper frequency in the right one;

operation; 5. Find the leakage and
5. Leakage in the inlet of repair.
delivery pipe.
Lifting water on and off, or less 1. Insufficient air in air | 1. Reduce discharging water
than expected vessel; level,

2. Screw loose in delivery | 2. Tight the nuts and adjust

valve causes leakage; concentricity;

3. Improper operation

frequency; 3. Adjust the screw in
discharging valve to find

4. Leakage in feeding pipe; proper frequency;

4. Check the feeding pipe

5. Air in the elbows in the and tight screws in

delivery pipe; flanges;
5. Reinstall delivery pipe to

6. Broken rubber seal in avoid the pipe going

discharging valve. down;

7. Gap in the delivery valve | 6. Replace the seal in

is too big or too small. discharging valve;
7. Adjust the gap.
No water lifted 1. No sufficient water [ 1. Increase the water
entering hydraulic ram; entering the hydraulic
ram as much as possible;
2. Big leakage in feeding [ 2. Tight the screws in the
pipe; flange or check out the
leakage to repair;
3. Remove the stones or

3. Delivery pipe was other solids;

blocked, or stones or
other solids in the air
vessel; 4. Remove the silt or rusty

4. Rusty in discharging to make the valve

valve or silt in the valve; movable;

5. Seal in delivery valve or | 5. Repair or replace the

seal in discharging valve broken part.
is broken.
Vibration of the hydraulic ram 1. Nuts fixing the hydraulic | 1. Tight the foundation nuts;
ram with the foundation
bolt is loose;

2. Screws fixing the ram | 2. Tight the screws in flange
base and the air vessel between ram base and
become loose; the air vessel;

3. Supporters  for  the | 3. Fixing properly the

feeding pipe are not
strong enough.

supporters of the feeding
pipe.
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3 Water Supply Systems

3.1 Irrigation systems

The priciples and practices of water supply systems are listed here only.
Gravity irrigation isthe most spread autochtone artificial irrigation system.
It istraditionally known by farmers. One can find this system word-wide.
Other mechanical irrigation systemslike sprinkler-dripp and siphon
irrigation systemsare industrially produced systems. Industries provide
guidelinesand installation instructionsfor their different types, pressure
and water requirements. Sprinklers are often aditionally used for frost
production, especially for fruit orchards and vegetabl es.

Drop irrigationis common in arid zones with extreme water shortage and
high evaporation.

| 5

Sorinkler irrigation protectsthe bloom-
ing orchardsand securesthe harvest

Frost is most dangerous for orange orchards
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Terrassesareflooded for riceplantation

3.2 Drinking water supply

Drinking water supply is subject of thelocal authorities. They haveto
observethelocal hygieneregulations. Potable water isgenerally processed.
Water supplied from drinking water systems should guarantee minimum
norms. Water supplied to the public from open waters through hydraulic
ram water lifting systems generelly do not fulfil these conditions. Itis
unprocessed raw water. In China, drinking water istraditionally boiled.
Therefore, open waters are used for drinking in rural areas and generally
accepted as drinking water after boiling.

Thereisanumber of different techniquesto process drinking water, such
asgravel filters, active-coal-filters, or chemical processing measures. The
water requirements demand their specific process. The chemical process by
means of chlorification, for instance, iscommon for larger municipalities
and demands high professional observation and maintenance. Thistechnol-
ogy is, however, not applicable for small villages.
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Thevillage water supply from higher located storage tang filled by means of a
hydraulicram

4 Technical and Economical Analysis

4.1 Comparison between the hydraulic ramand other water lifting
system

42.7% of villages are without tap water and around 10% of theland is
without an effectiveirrigation system in Zhejiang Province. Tap water and
irrigation systemswill improve the farmers’ living standard and improve
agricultural production. Several approachesare availablefor lifting water
for both domestic and irrigation use:
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*  diesel pumping set

. electric pumping set

. gravity (with channel or pipe)
. hydraulic ram

e  floating pump

. solar pump

e  wind pump

Both, the diesel and the el ectric pumping set, consume conventional
energy; the others can be operated by renewable energy. The gravity
system and the hydraulic ram are driven by water power. The solar pump
system isdriven by the photovoltaic cell, which transfersthe solar energy
into electrical power. Thewind pump system isdriven by wind energy
through the windmill. The floating pump is driven by the water current’s
kinetic energy.

| Gravity system

Thegravity irrigation systemisthe oldest autochtone one used in history. It
utilisesfavourabletopographical conditionsto guidewater from high land
to lower land with channels or pipes. Thisisthe most economical solution
forirrigation, but unfortunately, the land which needsirrigation is often at
ahigher altitude than the water resource. Therefore, water-lifting technolo-
gies have been devel oped since humans devel oped agricultural production.

| Diesel and electric pump systems

The diesel and electric pumping systems are well-known and used world-
wide dueto their convenience and, in many cases, arelatively lower initial
investment. But in the remote areastheinitial investment for the electric
pump system is extremely high dueto the cost of connecting it to the
power grid. Transportation costsfor diesel oil are also very high. Both
systems' running costs are high. In some places the cost isas high as

3 yuan RMB for 1 m3of water for irrigation and finally paid by the
consumers. The average cost is even higher in the mountai nous and semi-
mountai nous areas.

With the conventional energy shortage and air pollution caused by conven-
tional energy consumption, thediesel and el ectric pumping systems should
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be discouraged for providing the water supply, especially in the mountain-
ous and semi-mountai nous areas.

| Solar pump

The solar pump system uses solar energy power to lift water. Since the
power operating the pump is transferred from solar radiation by solar
photovoltaic cells, they arethe key part of the system. Although the
production cost of the solar photovoltaic cell was greatly reduced in the
80'sand early 90’ s, the cost of the photovoltaic cellsis still high compared
with the other energy system, despiteitslow running cost.

Inthe mid 90’ sthe price of the photovoltaic cell per peak Watt was 30-35
yuan RMB, too high of aninitial investment for the farmers. The solar
pump system can only be used in the daytime so it should be equipped
with batteries for further use, but this makes the system even more expen-
siveand increasestheinitial cost. Therunning cost isalso increased
because the batterieswill need to be replaced periodically.

Zhejiang’ ssolar energy isrelatively richin the plains area, about 2000
hours of sunshine per year, which is advantageous for solar heat collectors
for water heating. The sunshine hours are lower in the mountai nous and
semi-mountainous areas than in the plains. Compared with other local
energy resources, for instance, hydraulic resources, solar energy isinferior
for practical operation in mountai nous and semi-mountai nous areas.

The solar pump system is only competitive in remote areas, especially in
the high mountains or on isolated islands where there is no power network
available.

| Wind pump

Wind energy isvery richin the coastal area, islands and high mountains.
There are two ways to utilise wind energy to lift water, e.g. indirect wind
energy utilisation and direct wind energy utilisation. Indirect utilisation
transfers wind energy into electrical power to drive the electric pump
system. Direct utilisation uses the windmill to drive the water pumpsto lift
the water.

Indirect wind energy utilisation involvestwo technologies, e.g. wind



turbinesfor power generation and the electrical pumping system. Itis
appropriate for isolated islands and remote areas with rich wind resources;
however theinitial investmentishigh.

With direct wind energy utilisation, the windmill drives apiston pump to
lift water. Since the wind speed is usually not stable, the windmill’s
rotational speed varies. The unstablerotational speed isnot suitablefor
other types of pumpsfor instance, centrifugal pump, axial pump, etc. The
rural development project experimented with the wind pump system, but
dueto technical problemsand itshigh cost, it has not been practical to
operate. In the Netherlandsin Europe, the windmill operatesthe
Archimedic screw mainly for drainage of low lying pastures.

| Floating pump

The floating pump, e.g. water current pump, is driven by rivers or streams.
It utilises the water current’ s kinetic energy. In 1990, BORDA supported a
ZPSTC project utilising the floating pump, the BORDA pump, which had
been successfully operated in Mali, Africa. The experimental operationin
Zhejiang Province was not as successful as expected because of the
following problems:

*  Thistype of pump, with ahorizontal axis, needs at |east 2 metres of
water depth which in many cases could not be found in Zhejiang
Province;

. It needed frequent repair and maintenance because some parts were
quickly wornout;

*  Thedeviceisbulky, difficultto move, and disturbstraffic on the
water stream.

It was necessary to accommodate the BORDA pump to the conditionsin
Zhgjiang Province. The small rivers and streams are mostly shallow, about
1 metre. Thelarger rivers, with deeper water and appropriate conditions for
fixing thefloating pump and irrigation, arelimited. The original floating
pump’ s horizontal axiswas changed to avertical axissothatit could
operate in shallow water, thus widening its use. This change had several
advantages:

* toreducethewater depth needed;

* toeliminatethewear and tear on the main bearing;
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¢  toallow thefloating pump to operate in awater current from any
direction;

d toreducethe device ssize.

These advantages were realised by making experimentsto find the optimal
impeller shape and thusincreasing lifting efficiency. More experiments are
needed to finalise the material s and machine processes for batch produc-
tionin factories.

Thefloating pumpisfixed. Theimpeller for operationisfit to befloated inthe water

| Hydraulicram

The hydraulic ram utilises water energy for lifting. Thelift height can be as
high as 30 times that of the water drop. But in its practical application, the
ratio (h/H) of thelift to the water drop isin the range of 5 -15 times
because the higher thelift is, the less quantity of water can belifted. The
practical application of the hydraulic ram since 1989 in Zhejiang and
Sichuan Provinces has proved that thistechnol ogy has been reliable and
economical in the mountai nous and semi-mountainous areasfor both
irrigation and domestic use. Compared with other systems, the hydraulic
ram hasits unique advantagesin rural development and in environmental



protection. Historically, the brothers Jacques and Michel Montgolfier
invented the hydraulic ram in the late 18th century. The same also started
thefirst hot-air balloon in Paris.

Table4.1.1liststheadvantages, disadvantages, technical reliability,
economical viability, and applicable areasfor each of the above mentioned
technologies.

Comparing the hydraulic ram with the other systems, it can be seen that in
the mountainous and semi-mountainous areas, the hydraulic ram isthe best
choiceif thereisahydraulic resource available becauseit istechnically
reliableand economically viable.
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Table 4.1.1 comparison of several water lifting systems

Technology

Advantages

Disadvantage or limits

Applicable Area

gravity system

- good technical reliability
and economic viability;
very limited running cost;

- does not consume
conventional energy;
limited maintenance;
professional operator is not
necessary.

no water lifting ability;
high initial investment in
many cases.

mountainous and
semi-mountainous

a power grid;

low initial investment in

many cases when the

power grid is nearby;

- pump water in most cases
from rivers, streams &

when there is no power
connection;

high running cost;
frequent maintenance,
repairs necessary;
needs professional

diesel pumping | - good technical reliability in - consumes diesel ail; all areas
system most cases; - emitting harmful gas;
- easy to install and operate; - high running cost;
- movable when necessary; - needs frequent
- low initial investment; maintenance and repair;
- pump water in most cases - needs professional
from rivers, streams & operator.
wells;
electrical - good technical reliability in - consumes electrical all areas
pumping most cases; power;
system - easy to install when there is - high initial investment

consumes no conventional
energy;

pump water from rivers
streams and wells;

good technical reliability.

frequent maintenance,
repairing are requested;
need professional
operator;

uneconomical in many
cases.

wells. operator.
solar pumping - easy to install; - very high initial areas with the rich
system - movable when necessary; investment; solar energy

resources,
especially in the
condition without
connection to the
power grid.

wind pumping
system

doesn’t consume
conventional energy;
pump water from rivers,
streams and wells;

- relative lower running cost.

high initial investment;

- frequent maintenance and
repair necessary;

- less technically reliable;

less economical.

coastal areas and
islands, and high
mountains with rich
wind energy
resources and
without power grid
connection.

floating pump

- easy to install;

- does not consume
conventional energy;
movable when necessary;
- low running cost;

- pump water from rivers
and streams with certain
speed only;

higher initial investment
than diesel and electrical

areas where there
are rivers and
streams with
certain water
current speed,

- does not consume
conventional energy;

- very low running cost;

need hardly any

maintenance and repairing;

professional operator is not

necessary;

high technical reliability;

- very economical in many
cases.

than electrical pumping
system in some cases;

- lift water from the streams
with certain high water
drop only.

- professional operator is not pump systems in many e.g.05-2m/s
necessary; cases;
- needs limited maintenance. - less technically reliable.
hydraulic ram - easy to install; - higher initial investment mountainous and

semi-mountainous
areas with rich
hydraulic resource,
for instance, the
water drop is more
than 1 metres.
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4.2 Economic evaluation on water lifting scheme of the hydraulic

ramby case studies

42.1

General assessment

Theinstallation investment of the hydraulic ram depends mainly on the site
selection and the layout design of the system. Based on the questionnaires
fed back, very high initial costs could be over 30000 yuan RMB (approx.
3750 €) when both the water drop and lift were high, and very low ones
could belessthan 10000 yuan RMB (approx. 1250 €). Theinitial costs
include the hydraulic ram and the system, the investment for the water
distribution networksfor domestic water supply or theirrigation pipesand
channelsarenot included. Itisobviousthat theinitial investmentsare
greatly different from place to place, dueto the various topographical
conditions.

According to the datacollected from 18 villages, in which the hydraulic
ramswereinstalled in the early 90’s, the average investment for one set
was approximately 18000 yuan RM B, out of which 6000 yuan RMB for
the hydraulic ram, 9000 yuan RM B for the raw materials of the civil
engineering and installation costs, such as steel pipe, cement and bricks,
and the remaining for the labour costs. (8 yuan RMB are approx. 1 €)

For whatever the hydraulic ram was installed, the hydraulic ram could
more or |ess save the conventional energy whilelifting thewater. In
general, the scheme’ s annual operation time for the domestic water supply
ismuch longer than that for the irrigation purpose. So the hydraulic ram
used for the domestic water supply could save more electricity. The saved
electricity isthe economic benefit for this hydraulic ram scheme. The
social factor, the ease of life especially for women, cannot be measured,
but isrecognised by the beneficiaries.

The schemefor theirrigation, or simply for therice land irrigation, has
shorter operation period, usually three to four months. When the drought
happened and the irrigation securesthe harvest, the scheme has great
economic result, but whilerainfall iseven and sufficient, theirrigation
scheme has no obvious result. In the cases that farmers use the lifted water
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in an integrate manner, which leads to more benefits, such as:

*  Toincreasethe number of crops;

*  Tochangetheplantation structure;
*  Toplant the morevaluablecrop;
*  Toincreasethe crops area, etc.;

o To increase the forest area.

The hydraulic ram schemes al so show great economic benefits. Therefore,
the economic evaluation on the hydraulic ram scheme should be done by a
general assessment and case studies.

Referring to the general assessment, the scheme used for the domestic
water istaken as an example based on data of the average investment
mentioned above. Theinitial investment is 18000 yuan RMB. The average
daily quantity of thelifted water isaround 100 m? (assuming theratio (H/
h) of the water lift and the drop is 10 and type 630 isinstalled). Assuming
the price of the domestic water is 0.5 yuan RMB/m? and the scheme could
operate 350 day yearly, the profit of the hydraulic ram scheme would be
17500 yuan RMB annually. Therefore, the payback period isaround one
year.

Reviewing the over 10-years-implementation of the hydraulic ram demon-
stration and dissemination project, several sets of the hydraulic ramsfor
domestic water supply installed inthe earlier period, e.g. in 1990 and 1991,
have been kept running so far for many years without technical problems,
and had to be stopped for only one or two days every six months or once a
year for replacing the new rubber seal fixed in the discharging valve. In
these villages the annual operation time was over 350 days. The price of
the domestic water in the urban areais over 1 yuan RMB per mé, for
instance, 1.40 yuan RMB / m®in Hangzhou. The assumption of 0.5 yuan
RMB / m3for the price of the domestic water and 350 days for the annual
operation time are applicable and suitable. Therefore, the result of the short
payback period for the hydraulic ram water lifting schemeis convincible.

In some cases, there were electrical pumping systems built in last years for
the village domestic water supply. Dueto the high costs of electricity and
repairs, the farmers could not afford the scheme’ s running cost and had to
stop using it. Whilethe hydraulic resourceisavailable, the hydraulic ram
wasinstalled to replace the electrical pumps. By the comparison between



theinitial investment for the hydraulic raminstallation and the running cost
and repairing and maintenance cost for the el ectrical pumping, showed
very positive results which favour to the hydraulic ram schemes. As
mentioned above, the hydraulic ram scheme should have 18000 yuan RMB
astheinitial cost for itsinstallation, but itsrunning cost is so limited that it
could beignored.

Referring to the electrical pumping system, the running cost and costs for
repairing and maintenance, in average, are around 5000 yuan RMB per
year. Inthis case, lessthan 4 years’ running costs could make the initial
investment of the hydraulic ram system paid back.

Therefore, it iseasy to conclude that the result of the general eval uation of
the hydraulic ram schemeisvery positive. To make the detail investment
analysisand ecol ogical evaluation, the case study will show the practical
resultindividually.

422 Case study for the domestic water supply system in Zhouzhu
Village of Wuyi County, Zhejiang Province

Zhouzhu Villageislocated in the mountainous area of Wuyi County. Most
of thevillagers are of aminority nationality — they belong to the She
People. There were 56 families with 210 inhabitants, when the hydraulic
ramwasinstalled in 1992.

Before the hydraulic ram was installed, there was no domestic water supply
system. The water demand in the farmers’ daily life should be carried from
asmall stream that was 500 metres away from the village. Carrying water
was ahard job and created alot of inconvenience to the farmers, mainly to
thewomen, intheir daily life. So the farmersin the village had been keen
to build adomestic water supply system for long time.

In 1986, the village Community requested the local engineersfrom the
county to estimate theinitial investment of the domestic water supply
system by electrical pumping. The estimation of theinitial investment was
about 30500 yuan RMB, including electrical wiring, electrical motor,
pump, pump-house, delivery pipe between the pump and water tank and
the construction cost of the water tank.
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The cost of the delivering pipe between water tank and the village and the
pipe for the water distribution to the families were extra, about 6000 yuan
RMB more at that time. Sincethe villagers could not afford the initial
investment, they had to drop thisideaand the domestic supply systemin
the village was adream for all villagers.

In 1992, with the hel p of the Wuyi County Science and Technol ogy
Commission and Wuyi County Rural Energy Office, aset of the hydraulic
ram of type 420 was installed. The applied water drop was 4.6 metres and
thelift was 63 metres high. The villagersinvested 15000 yuan RMB for
thiswater lifting scheme. Since the scheme was put into operation, at the
end of August 1992, there was no interruption in the operating. It could lift
32 tons per day, which could basically meet the water demand for the
farmers' daily lifein whole village. The construction of the domestic water
distribution network connected to each family cost 10000 yuan RMB extra.

Based on thedatain Zhouzhu Village, it is possible to makeinvestment and
cost comparison between the electrical pumping system and the hydraulic
ram water lifting scheme as follows:

- Total initial investment:
Electrical system: 30500 yuan RMB*
Hydraulic ram scheme: 21000 yuan RMB?

- Operation cost per year:
Electrical system:

electricity charge 3200 yuan RMB
M aintenance cost® 500 yuan RMB
Operation cost 500 yuan RMB

Total 4200 yuan RMB

1t wasestimated in 1986.

2|t included 15000 yuan RMB for the construction materials and |abour, 6000 yuan RMB
for the 420 type hydraulic ram.

% Including repairing cost.



hydraulic ram scheme:
maintenanceand
operation|abour 500yuan RMB

Total 500 yuan RMB

The overall costsfor the electrical system and the hydraulic ram scheme
could be described respectively with the following formulas:

cost,= 30500+4200y (yuan RMB)
cost, = 15000+500y (yuan RMB)

Where:
cost,: overall cost of the electrical system,
cost,,: overall cost of the hydraulic ram scheme;

y: operationyears.

Theresult of the comparison could be shown intheFig. 4.2.2.1.

overall cost comparison between hydraulic ram system

. and electrical pumping system
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Fig. 4.2.2.1 overall cost comparison between electrical system and
hydraulic ram scheme
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It isvery obviousthat the overall cost of the electrical system isalways
higher than that of the hydraulic ram scheme.

Considering the Figure or the formulas, the result showsthat in this case
the hydraulic ram water lifting scheme was remarkably more economical
than the electrical system.

Thewell guided self-help of the villagerswith rural servicetechniciansisasig-
nificant financial contrivutionto thewater supply scheme

4.2.3
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Case study for the domestic water supply in the Yingchuan
Village of Jingning County

Yingchuan Villageislocated inthe Jingning County whichisinthe
mountainous areain the southwestern part of Zhejiang Province. There
were over 1000 villagers. There existed avillage domestic water supply
networks which was built with the investment of 20000 yuan RMB few
years before a set of the hydraulic ram wasinstalled in this village accord-
ing to the farmers’ demand.

Theexisting electrical pumping system cost at | east about 3900 yuan RMB
for the electricity charge and 1000 yuan RMB of the labour cost for the



operation and daily maintenance. Dueto theinsufficient quality of electri-
cal transmission, the voltage was not stable, which led to the damage of the
electrical motor very often. The cost for the repairs and maintenance was
as high as 3000 yuan RMB per year. For the local farmersit was difficult to
afford the running cost to keep the electrical pumping system working.

In May 1992, aset of type 630 was installed and connected to the existing
domestic water supply system. The drop applied was 4.2 metres and the lift
was 33.6 metres. Thetotal cost of the hydraulic ram installation was 19400
yuan RMB, out of thisamount 6000 yuan RMB had to be spent for the
hydraulic ram, 2000 yuan RMB for the feeding pipe, 2000 yuan RMB for
the delivery pipes, 2470 yuan RMB for pump house, 1700 yuan RMB for
the labour cost and 450 yuan RMB for the transportation fees. In this
particular case, the eval uation should be done by the comparison of two
alternatives, e.g. continue to use the existing el ectrical pumping system, or
install the hydraulic ram to replace the el ectrical pumping.

The analysisis made asfollows:

- initial cost:
continued use of the el ectrical system: 0yuan RMB
installation of the hydraulic ram: 19400 yuan RMB

- operation cost per year:

continued use of the el ectrical system:

electricity charge: 3900 yuan RMB
|abour cost: 1000 yuan RMB
repairing and maintenance: 3000 yuan RMB
Total 7900 yuan RMB

operation cost of the hydraulic ram scheme:
|abour and mai ntenance: 500 yuan RMB

Total 500 yuan RMB

Based on the above data, following functions could be summarised to
present the cost curvesfor overall costs of two alternatives respectively.
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Cost,=7900y (yuan RMB)
Cost, =19400+500y (yuan RMB)

Fig. 4.2.3.1 also shows two curves respectively for the overall cost of the
electrical system and of the hydraulic ram scheme.

overall cost comparison between hydraulic ram scheme
and electrical pumping system

yuan RMB
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Fig. 4.2.3.1 overall cost for the electrical system and for the
hydraulic ram scheme

By the calculation, the break even point of two curvesis 2.62, which means
after 2.62 years, the overall costs of the hydraulic ram scheme will be less
than the overall cost of the alternative of continuing the operation of
electrical pumping system. In other works, thetotal initial investment of
the hydraulic ram scheme could be covered by saving the el ectrical change
and repairing and maintenance cost in less than three years.

126



424

Case study of the mini type hydraulic ram installed in Zhoxi
Village of Wuyi County

A family in Zhoxi Village had a house near a small stream. They used to
carry the water on shoulder from the stream. A mini type of the hydraulic
ram was installed for the family with the help of the rural energy office for
the water supply for afamily with 4 family members. The costs of the
installation arelisted asfollows:

Feeding pipe (12.6 metres) 108 yuanRMB
Discharging pipe (40 metres) 200yuan RMB
Delivery pipe (110) 150 yuanRMB
Fittings 26 yuan RMB
Cement 45 yuan RMB
Labour cost 200 yuan RMB

Total 729 yuan RMB

According to the experience of alocal engineer, the costs of the discharg-
ing pipe could be saved, because it was only for the extra security in the
severe flood. For this comparison, thelocal engineer made estimation for
theinitial cost of installation of the electrical pumping system. Theinitial
cost of the electrical pumping system for the same purpose are listed as
follows:

Electrical motor and pump 200yuan RMB
Labour and material cost for digging awell 330yuan RMB
Delivery pipe 125yuan RMB
Cement 30yuan RMB
Wiring 20 yuan RMB

Total 705 yuan RMB

Referring to theinitial costs of theinstallation of mini hydraulic ram with
the small electrical pumping system, there was no big difference between
the two systems. But el ectrical system needs approximately 50 yuan RMB
of electricity charge and 80 yuan RMB for repairing cost per year.
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So for the same purpose, in this case, the water supply system with mini
hydraulic ram wasthe better alternative than the electrical pumping system,
because the cost of the hydraulic ram itself was not taken into account. If
the cost of the hydraulic ram would be taken into account, the evaluation
should be done by the comparison between the running cost of the el ectri-
cal pumping system and the cost of the hydraulic ram.

For the electrical pumping system, the annual running cost is estimated as
much as 130 yuan RM B, and the cost of the mini hydraulic ram was about
700 yuan RMB. Itisobviousthat the payback period of the hydraulic ram
isabout 5 years. Therefore, the alternative of the mini hydraulic ram
schemewas still economical.

4.2.5
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Case study of the irrigation with the hydraulic ram scheme in
Changnan County

TheKenkou villageislocated in Changnan County which is mountainous
areain southern part of Zhejiang Province. Kenkou Village has 58 families
and 280 inhabitants. There are 7.3 hectares (110 mu) of rice land. Insuffi-
cient irrigation caused poor harvest, about 100 kg rice per mu (15me=1
hectare). Only one crop of rice could be planted in ayear. In 25 metres
lower than therice land, thereis a stream with running water throughout
the year. If the water from the stream could be lifted for irrigation, the
improved irrigation will not only increase the production yield of rice, but
will also enable farmersto plant an additional crop besidesrice.

In 1996, a set of 630 type of the hydraulic ram wasinstalled in the village.
The scheme has an applied water drop of 4 metres and lifts the water as
high as 25 metres. The output of the lifted water was around 250 m? per
day (in 24 hours), which could be used for the irrigation of 7.3 hectares of
land. After the schemewasinstalled, besidestherice plantation, the
farmers, for the first time, planted a special grass, which was the raw
material for mat weaving, in November 1997. There were double benefits
for the farmersin this case: the increase from the grass plantation and
additional income dueto theincrease of riceyield from 100 kg to 350 kg
per mu from a better irrigation with the help of the hydraulic ram scheme.



Thetotal investments of the hydraulic ram installation (in yuan RMB):

One set of the hydraulic ram 9000
Feeding pipe, delivery pipeandfitting 8000
Installation cost (including materialsand | abour 5000

Tota 22000 yuan RMB

Thetotal benefitinayear (in yuan RMB) per mu*:

Income from the rice yield increased (250 kg/mu) 500
Income from the grass plantation (600kg/mu) 1200
Production costs -350
benefitsinamu 1350 yuan RMB
benefitsintotal 110 mu 148500 yuan RMB

* (1 mu=2/15ha)

Comparing the benefitsgained in ayear with theinitial cost of theinstalla-
tion of the hydraulic ram scheme, the payback period was very short, being
lessthan months.

Theresults of these case studies have shown that the hydraulicramisa
very economical device for water supply in mountainous and semi-
mountainous areas where there are rich water resources. Although not
every site of the hydraulic ram application has brought such remarkable
benefit mentioned in some case studies, every site more or less shows that
the hydraulicramisareliable, appropriate and economical technology to
raisetheliving standard, to promote the agricultural production, and to
improvethevillages' sanitation and hygienic conditions. It helpsto protect
the ecological environment, and contributesalot to the sustainablerural
development. The selfhel p component of the farmersissignificant and
helpsto reduce cash investments.
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4.3 Overall evaluation of potential benefitsfromthe hydraulic ram
dissemination and improvement of the environmental
protectionin Zhegjiang Province

According to the results gained from the * Overall Potential Study of the
Hydraulic Ram Application in Zhejiang Province’ (BORDA publication,
2001), there could be over 5000 villagesin Zhejiang Province to have the
water resources for the hydraulic ram installation and over 6000 sets of the
hydraulic ram will be needed for both irrigation and for the domestic water
supply for villages.

Thedetailed survey in Jingning and Jinyun Countiesindicates 478 poten-
tial sites, where the hydraulic ram could beinstalled. 525 sets of hydraulic
ram of 4 types are needed. With hydraulic ram dissemination, 429 villages
out of 478 villages could have domestic water supply systemsand an
additional 2437 hectaresof irrigated land. The other 49 villages already use
electric pump systems to provide their house water supply; however, there
are hydraulic resources so that the hydraulic ram could replace the existing
systems.

Decentralised domestic water supply systems are amust if rural areasin
Zhejiang Province are to reach the target of aminimal standard of comfort
put forth by the government. The desire for domestic water isincreasing
along with rural development, increased incomes, and higher living
standards, all of which easing the farmers’ life. Domestic water supply is
necessary for sanitation in the village and farmers’ homes. Without
domestic water supply, it isimpossibletoimprove thelevel of sanitation or
hygienic conditionsin farmhouses.

According to the experience gained in the hydraulic ram projects, the
hybrid water supply system for both domestic use and irrigation was more
economical than theirrigation system al one because the operation time of
the tap water supply system is much longer than the period for irrigation.
People need water in their daily life, but when the climateis normal,
irrigationisrequired for only three or four months. Sinceirrigation in the
mountainous and semi-mountainous areasis far from satisfactory at most
potential sites, both domestic water supply and irrigation should be
considered. Theirrigation system increases agricultural productionyields,



reduces dependence on the climate and itsimpact on agricultural produc-
tion, and guarantees a harvest. The farmers also have alternativesin their
choice of agricultural production and can generate more income.

When the benefits of the hydraulic ram are evaluated, it isdifficult to
quantify benefits brought to farmers from house water piped directly into
their homesinstead of being carried on shoulder. Butitiscertainly a
significant step towards fulfilling the minimal comfort target. The benefits
brought to agricultural production throughirrigation driven by the hydrau-
lic ram are also not easy to quantify because the benefits vary with the
climate. For instance, according to the experience gained from 1989-1995
with the sprinkler irrigation system, the orchard’ syield increased 10-30%
in different climates because the sprinkler system not only irrigated the
orchards, but also protected the blooming flowers from frost. Benefits are
much more obvious when there is adraught or extensive frost than in the
years with favourable weather.

Riceand vegetabl e productionincreased
about 10% using theirrigated water lifted
by the hydraulic rams. Besidesthe
benefits mentioned above, with a suffi-
cient water supply, the farmers could plant
two cropsinstead of one, and could plant
crops that need more water and are more
profitable.

Inthevillagesin which the hydraulic ram
replaced the existing el ectric pump
system, the farmers experienced benefits
other than saving electricity bills. Farmers
inYingchuan Villageof Jingning County
are agood example. In 1990, a set of type
630 hydraulic ram wasinstalled to replace
the existing electric pump system. Besides
3900 yuan RMB for the power bill that
was saved every year, 1000 yuan RMB in
labour cost and 2000 yuan RMB in repairs
were saved annually. Therefore, in 1995,

Paddy field irrigation with the hydraulic ram se- thevillagersinstalled another set of type
curesthe harvest 630 hydraulic ram to meet the increasing
water demand.
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4.4  Analysisof conventional energy savingin hydraulicram
dissemination and impact on environmental protection

When eval uating the benefits brought about by hydraulic ram dissemina-
tion, it could be argued that the benefits are brought about by thelifted
water alone because the diesel or electric pump can also lift water. But the
hydraulic ram hasthe additional advantage of saving conventional energy
which cannot be realised by the diesel or electric pumping systems.

On average, one set of type 630 hydraulic ram can function similar to a set
of electrical pumpswith the capacity of 6 kW. To supply the same amount
of lifted water, the 6 kW electric motor would need to operates around 8
hours aday. Whereas the hydraulic ram does not require any operator, the
operation of the electric pump systems need supervision of aprofessional
operator, which makesit difficult to utilise these pumpsround the clock. In
this case, one will need three operators per day (3 x 8 hrs).

One set of the hydraulic ram can save 14400 kwWh ayear, equal to

7200 yuan RMB (electrical power priceiscalculated as0.5 yuan RMB/
kWh. In many places, the price was higher than 0.5 yuan RMB/kWh. The
operation timewas 300 days ayear considering that during the dry season
the water resource would not be sufficient to drive the hydraulic ram.

There have been more than 400 sets of hydraulic ramsinstalled in more
than 350 villagesin China, with arising tendency. These hydraulic rams
can save over 6 million kWh ayear (assuming operation timeis 300 days a
year).

If 6000 sets of the hydraulic ramswere to be installed in the 5500 sites, the
conventional energy savingswould be 86.4 million kWh per year accord-
ingto BORDA’spotential study. Thisisequal to thetotal electricity
generated in amedium-sized hydraulic power station with the capacity of
30 MW (assuming operation time is 3000 hours per year) or asmall sized
coal-fired power plant with the capacity of 15 MW ( assuming operation
timeis 6000 hours ayear). This coal-fired power plant would consume
48,000 tons of coal ayear and exit around 960 tons of SO," and about
129,600 tons of CO," " per year.



Hydraulic ram dissemination does not only save conventional energy, but it
eliminates harmful gas emissions and protects the environment.

In 1998 Zhejiang’ stotal electricity consumption was 54.7 billion kWh. The
potential electricity to be saved by the use of the hydraulic ram would only
belessthan 0.2%, but due to the growing electricity shortage, the ‘ opportu-
nity cost’ of the electricity would be much higher than its market price. For
instance, thiselectricity could be consumed in more profitable productions.
Or the electricity saved could postpone the construction of anew power
plant and the capital used for more urgent needs.

Therefore, at both the micro-level (invillagelevel) and macro-level (at
provincial or national level), saving conventional energy ismuch more
significant than the energy savingsinitself.

*: assuming the average Sulphur content is about 1%.

™ assuming in average, Carbon content in the coal isabout 85%, while combustion 85% of

Carbon can combine with Oxygen.

4.5 Integrated socio-economic measure combined with the
dissemination of the hydraulicram

On the dissemination of the hydraulic ram application, some socio-
economic measures are also an integrated part of the project for rural
development, such as:

. Incomegeneration;

*  Water resource protection;

. Wastewater treatment;

. Solid waste collection and treatment;
. Local renewable energy utilisation;

. Raisethe farmers' living standard, especially improve the women's
economiclevel andworking condition;
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. Protection of environment;

. Improvement of hygienic and sanitation conditions.

Combined with these socio-economic measures, our projects could bring
more benefitstolocal people, solve problemsin the development and
promotetherural development. Thisisthe concept of our integrated
project. There are several reasons for the integration of these programms
into the project:

. Overcometraditionsin sanitation and hygiene and carel ess treatment
of the surrounding, such aswaste disposal in or beside theriversor
streams and insufficient removal of garbage and wastein the village;

*  Verylow attention to sanitation and hygiene conditionsdueto the
poor living standard;

. Unawareness of the necessity of protecting water resources and the
environment;

. Unawareness of the danger coming from industrial waste and residue
disposal;

. M ost farmersin the mountai nous and semi-mountainous areas have
an income far below 1 US $ per day. Income generating measures
are necessary and effective for them.

S [ 5 S

Soya beans are a cash crop of high demand. Their local processing is a wel-
come additional income
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For these reasons, the dissemination project of the hydraulic ram became
anintegrated development project. It includesactivitiesfor the promotion
of agricultural production, raise of living standard, protection of water
resources and the environment aswell as collection and treatment of solid

waste.

Broken fluorescent tubes, a solid wasteclassified as* highly
hazardous’' arethrown away intheforest

The hydraulic ramenablestheinstallation of solar heat col-
lectors, an important contribution to improve the hygienic
situation
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5 Conclusion and Consequences
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5.1 Necessary gtructure

| Training

Over 400 sets of hydraulic rams have been installed and in operation since
1995. To promote hydraulic ram dissemination, training programs at
different levels, i .e. government administrativelevel for policy and decision
making, local technician level for site selection andinstallation, and for the
farmers, are necessary. Training contents at different levels have different
goals.

The government administration staff’ s training would apprai se them of the
hydraulic ram’ sadvantagesin the foll owing aspects:

. Local renewableenergy utilisation;
i Conventional energy saving;
. Environmental protection;

. Improvement of farmers’ living standard.

Thetraining for thelocal technicians and engineerswould include:

*  Suitableconditionsfor the hydraulic raminstallation;

. Basic techniquesfor installation site sel ection and operation fre-
quency adjustment;

*  Teaching the farmers how to maintain the operation.

Training measures for farmers would provide general information about
the hydraulic ram, itsfunction, theintegrationinto higher agricultural
productivity, and house hygiene, aswell. Traininginstitutionsand facilities
would undertaketraining programs, and function on aconsultant and
supervisory level during dissemination of the hydraulic ram.



u Consultancy

Thetechnical reliability of the hydraulic ram has been proven. In nearly
every sitethehydraulic ram hasbeeninstalled, it isfunctioning properly
and with alimited amount of maintenance. But its economic viability is
completely dependent on the site selection. When the water resourceis not
sufficient, when the distance between water resource and water demand is
too long, when the water quality is below standard for itsintended purpose,
when the operation time istoo short, etc., the hydraulic ram is not eco-
nomical. Therefore, the site sel ection consultancy determinesif the project
isan economical success or not.

| Supervision

A proper system layout will lower theinitial investment. Construction
quality control isimportant to ensure asolid foundation for the hydraulic
ram, the right angle of the feeding pipe, and the proper connection between
pipes, hydraulic ram, and feeding tank. Expert supervision can correct
short comings early and will avoid unnecessary investments.

| Follow-up service

Follow-up serviceis necessary to adjust the optimal operation frequency of
the hydraulic. It will also teach the farmers how to maintain and adjust the
frequency of the hydraulic ram.

Consultancy and follow up services are necessary even though the hydrau-
lic ram has only two movable parts. The hydraulic ram can run with limited
mai ntenance, and can operate 24 hours a day without any supervision. But
anyhow, the rubber seal in the discharging valve must be replaced once or
twiceayear. The nutsin the foundation bolts and flanges must be periodi-
cally tightened. The whole system must be totally emptied of water during
frost periods.

Sincethe operation isvery simple and maintenanceislimited, farmers
might think that the hydraulic ram does not need maintenance, causing
problems. For example, the foundation boltswill break if the loose nuts are
not tightened in time. Small stones, and other solid matter carried along
with the water into the vessel may affect the delivery valve not to close
properly.
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Spare parts should always be available. Therubber seal in the discharging
valveisthe most frequently replaced part. Nuts and bolts are al so needed
and should be a part of the repair kit of the follow-up service.

5.2 Necessary production capacity

Since the beginning of the 90's, BORDA has transferred hard and software
for the hydraulic ram production to the Zhejiang Province, which hastwo
companies that can manufacture 4 types of hydraulic ram. Their production
capacity isaround 600-700 sets ayear, more than sufficient to reach the
demand in Zhejiang Provincein the near future.

Top quality control ismost important in two processes, casting the body
and welding the air vessel, because any small |eakage affects the operation
of the hydraulic ram |leading to failure. Special testing equipment is needed
for production quality control.

The Lishui Equipment I nstallation Company, one of the companies
manufacturing the hydraulic ram, uses an X-ray detector to control the
casting and welding quality. Lacquering and other machinery processes
also need good quality control to avoid unnecessary lossesto the compa-
nies and to the farmers, as well.

With the dissemination of the hydraulic ram, the expansion of the produc-
tion capacity can easily berealised in ashort time. Therefore, availability
of hydraulic ramswill not be a problem in Zhejiang Province.



5.3 Financial schemes

Credit and loan systems were popular at the time the planned economy was
implemented. But since 1980 these systems cannot meet the requirements
of the devel oping market economy. The peopl€e’ s commune production
systems were dissolved in the rural areas after introduction of the economic
reform.

Except for the crop production, theindividual farmer can rarely get aloan
for anon-production investment. Individual villages cannot get loansfrom
banksfor village welfare projects, such asvillage planning, path and road
construction, or village tap water supply system construction, because the
credit and loan system has not been effectively developed for the private
personinrura areas. Farmers cannot provide capital securities. They are
not the owners of theland they use. Land is state property.

In villages where farmers wanted to install the hydraulic ram, the necessary
investment was collected by the local authorities from each family that
would benefit and from thevillage collective income, besides some limited
subsidy for pipesand the hydraulic rams. But thefinancial ability of
villagesin the mountainous and semi-mountainous areasisvery limited.
Thevillagecollectiveincomesarelimited and individual family’ sability to
pay ispoor. Therefore, before the village commission makes decision to
install ahydraulic ram for house water supply systemsin thevillage, they
haveto consider thefinancial ability before.

To promote hydraulic ram dissemination, thelimited credit and loan
systems should be devel oped to provide help for improving the farmers’
living standard. Self-help, such as borrowing from relatives and friends,
will still play avery important rolein rural development, and consequently
in the dissemination of the hydraulic ram.
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5.4 Development of corresponding governmental policy onthis

Hydraulic ram dissemination is aproject to utilise renewable energy,
improvetheliving standard and help to protect the environment. Itisin
conformity with China’s Agenda 21. A favourable policy regarding the
dissemination of the hydraulic ram by the government would be a positive
push forward. The government policy should include subsidies, loan, taxes,
etc..

At different levels, the government could make funds available to promote
economic development and rai setheliving standard in the mountai nous
and semi-mountainous areas. Some of these funds could be used to
subsidise hydraulic ram dissemination. Besides these funds, the Water
Conservation Bureaux and Hygiene Commissions have fundsfor the clean
water supply, which could be contributed to the dissemination of the
hydraulic ram. The appropriate policy could guidethesefundsto the
village water supply systems, which would use the technology of the
hydraulic ram.

Thegovernment policy could guidedistribution of small loansto help
villages build domestic water supply systems. One of the policy’sfunctions
would be to make default regulations to help insure that the farmerswould
pay back the small loans according to plan.

Income taxes paid by companies who manufacture the hydraulic ram could
be reduced for a certain period to make the hydraulic ram’s price afford-
able for farmers. Such tax adjustments and reductions could beinvolved in
thefavourable policy for devel opment and di ssemination of appropriate
technol ogiesthat encourage renewabl e energy utilisation and environmen-
tal protection. Farmers should be treated as small enterprises.

According to China’s Agenda 21’ smain policiesfor sustainable devel op-
ment, the development of clean coal technology and other forms of clean
and renewabl e energy sourcesisapriority. China's Agenda 21 provides
for financial resources and mechanismsthat will guarantee the execution of
sustainable development measures. There are three aspectsin view of the
financial resources and mechanisms:



. Integration of China’sAgenda 21 into National Economic Develop-
ment plans;

. China’ sAgenda 21’'s Development Funds;

. Financial, taxation and economic legislation for sustai nable devel op-
ment.

55 Dissemination project procedure

The definition of the hydraulic ram system includes the transfer of water
from the lower water resource to the higher water storage tank. The
hydraulic ram system consists of feeding tank, feeding pipe, hydraulicram
foundation, hydraulic ram, delivery pipe and water storage tank. The
materials needed to install the hydraulic ram include: steel feeding and
delivery pipes; cement, bricks, sand and stonesfor the feeding tank,
installation foundation, and storagetank; etc..

The distribution networks from the water storage through water distribu-
tion pipesto the families or other water end-usersis the same systemif the
water islifted by the hydraulic ram or by electric or diesel pumping
systems.

Usually, the domestic water supply system is more expensive than the
irrigation system because the water distribution network that supplieseach
family isamore complicated system. On average, the total initial cost for a
house water supply system varies from 50,000 yuan RMB to 100,000 yuan
RM B depending on how many families are connected to the domestic
water supply system. Excluding the hydraulic ram, the hydraulic ram
system costs vary from 15,000 to 20,000 yuan RMB depending on the
geographic and topographic conditions.

Thefollowing is an example of the materials needed for atypical hydraulic
ram system (2.5 m water drop, 25 m lift, one set of type 630 hydraulic
ram):
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. 20 metre steel pipe with adiameter of 150 mm;

* 40 metresteel pipe or partly polythene pipe with diameter of 75 mm;
° 15 - 30 tons of cement;

. materials like sand, stone and bricks, etc.

. 150-200 man days of labour cost.

If the hydraulicramisinstalled at all potential sites, thetotal cost will be
about 550 million yuan RMB, ahugeinvestment. But several financial
resources are available. The main financial resource are the funds collected
from every family that is benefited, i.e. the self-help activities, which
should play the main rolein the project. Other resources are government
subsidies at different level s and | oan assistance guided by the government’s
favourable policies. International financial assistanceisalso apossible
financial resource, but it only playsalever fulcrum to promote the dissemi-
nation process.

The procedure for the dissemination of the hydraulic ram consists of many
steps. Since the implementation of the projects with BORDA in 1988,
some steps have been taken in Zhejiang Province, for instance:

*  technical trainingin selected places;

. demonstrationson asmall scale;

. seminarson theinstallation and operation of the hydraulicramin
villages;

e transfer of technology for manufacturing the hydraulic ram;

¢ technical and economic evaluation of demonstration projects;

e technical training programs for further demonstrationsin areas
outside of the selected sites;

. potential application study taking into account resources, economic
and technical factors.

The projects with BORDA from 1988 have had remarkable results and are
agood base for the hydraulic ram dissemination.

Peopleliving inthe mountai nous and semi-mountainous areas need help
for their economic development and to improvetheir living standard .

Their strong will to participatein the water supply projects, to contributein
cash or to work as valorised non-cash contribution, substitudes governmen-
tal necessitiesfor asustainable devel opment. Governmental investments



aremoresignificantinindustrial development thanin agricultural develop-
ment. Additionally, agricultural development in mountainousareasismore
difficult and expensive. The differences between infrastructures of indus-
trial and rural areas are obvious.

According to the 1996 detailed survey, the next 2-3 yearswas the first
phase of dissemination. Fivecounties; Jingning, Jinyun, Y unhe, Taishun
and Wencheng, which areall in Lishui and Wenzhou, will be the focal
pointsfor the dissemination project. These counties are to more than 75%
mountainous, and the farmers’ incomes are significant lower than the
averagelevel inthe Province; therefore, installation subsidieswill be put
into the next national plan. 150-200 sets of hydraulic ram should be
installed inthese counties.

The second phase was the 5 years lasting project following the first phase.
Thefocal pointswould be around 10 countiesin the Province. The subsidy
for theinstallation will be less and partly replaced by small loans. By the
end of this phase, it is expected that 500-800 sets of hydraulic ram will
have been installed in the Province. In the process of reaching thistarget,
the hydraulic ram will progressively enter the market place and become an
alternative water-lifting devicefor purchase. When the hydraulic ram
entersthe market place, dissemination has been reached.

5.6 Recommended measures

For reaching the target of the hydraulic ram dissemination, the following
measures should be taken in the project, supported by county governments:

. provincial and county level workshopsto develop policiesfor the
dissemination of the hydraulic ram within the framework providing
areliable supply, conserving natural resources, and protecting the
environment;

. creation of apermanent monitoring structure for renewable energy
utilisation and water lifting systems. This permanent monitoring
structure can be combined with existing governmental organisations,
such as, the Rural Energy Office, etc.;

* training coursesat both the administration and field work levelsto
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plan and execute hydraulic ram projectsto lift water

public relations, such as advertising and promotion, astasksfor
hydraulic ram manufacturers;

public relations through print and audio-visual mediato spread the
information of the hydraulic ram application and its results.



Appendix

Brief Introduction of Zhejiang Province

1  Geography and topography

Zhejiang Provinceislocated at China’ s east coast. It borders on Shanghai
Municipality, Anhui, Jiangsu, Jiangxi and Fujian Provinces. It coversan
areaof 101,800 square kilometres from northern latitude 27°06’ to 31°11"
and from eastern longitude 118°0’ to 123°10’. Zhejiang Province makes up
1.06% of China' s9.6 million kn?.

The mountainous and semi-mountainous areas of Zhejiang Province make
up 71.7% of the total surface area. The plain area, which islessthan 50
meters above sea level, makes up 23.2%. Water surfaces, such as, rivers,
lakes, and streams, cover 6.4%. The Province’ stopography ishighinthe
west and low in the east; therefore the mountains are mostly in the middle
and western part. Zhejiang Province has 8 river systems:

. Qiantang River,

. Chao’eRiver

. Yongjiang River

* JiaojiangRiver

. FeiyunjiangRiver
* AogjiangRiver

*  OujiangRiver

. Shaoxi River

Except for the Qiantang River, which originatesin the Anhui Province, all
riversoriginate in the western part of the Province and flow into the East
ChinaSea. Only Shaoxi River flowsto Tianhu Lake in the northern part of
theProvince.
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Table 1 catchments and lengths of 8 river systems in Zhejiang Province

L River River
River Name Or|g|n_at|on of River Mouth Length Catchment
River 2
(km) (km”)
Qiantang X'Ou"”gnchﬁlimty in Hangzhou 428 35700*
Oujiang Longgian County Wenzhou 388 17859
o Nuken L .
iaojian . iaojiang Ci 1 1
Jiaojiang Mountain Jiaojiang City 98 6519
Yongjiang Xioujian Mountain Zhenhai 121 4294
Chao'e Qigong Mountain Shanjiangkou 192 6046
. Shenyuan o
Feiyun Mountain Rui'an County 185 3717
. Yuling Pingyang
Aojiang Mountain County 82 1514
Shaoxi Tianmu Huzhou 150 4759
Mountain
*only in Zhejiang Province
The above table shows only the lengths and catchments of the mainrivers,
not their branches. If the data of the branches was included, the length and
catchment would be much higher.
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2 Climate

Zhejiang Province has a subtropical climate with four seasons. The main
wind direction is from the northwest in the winter, and from the southeast
in the summer. Climatic feature are:

. long sunshine period;
. richprecipitation;

. high relative humidity;
. mild temperature.

The annual average temperature, except in the high mountains, isfrom 15-
18°C. The coldest monthly average temperature (in January) is 2.5-7.5°C,
and the hottest monthly average temperature (in July) is 26.5-29.5°C. The
temperature is lower in the north than in the south. One year averages 243-
276 frost-free days and 1800-2100 hours of sunshine. The annual average
daysof rain are 140-180, and the average precipitation is 1100-1900 mm a
year. Rainfall distributes unequally in the four seasons with summer and
autumn the dry seasons. The annual averagerelative humidity isabove
75% on the mainland and above 80% on the coast and islands.

Table 2 main meteorological data in Zhejiang Province

| January February March April  May  June |
average
temperature 5.0 6.0 10.0 15.8 20.6 24.3
(1961-90) °C
average
precipitation 55.1 85.6 119.2 141.8 1726 206.5
(1961-90) mm
average
sunshine 125.1 104.1 123.6 141.7 155.3 153.7
(1961-90) hour
| July August  Sept.  Oct. Nov. Dec. |
average
temperature 28.3 28.1 23.9 20.4 13.2 7.3
(1961-90) °C
average
precipitation 138.2 142.4 165.1 83.2 62.4 445
(1960-90) mm
average
sunshine 243.8 246.0 173.0 164.1 146.0 147.8
(1961-90) hour

Source: Zhejiang Statistical Yearbook 1995
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3

Political and administration structure

Zhejiang Province has 10 municipalitiesand 1 prefecture. Each municipal -
ity or prefecture has several cities, counties and districts under the city
administration. Theadministrativedivisionin Zhejiang Provinceisshown
inTable3.

The Provincial Government consists of several functioning departments,
such as Planning and Economic Commission, Science and Technol ogy
Commission, Agricultural Bureau, Industrial Bureau, etc. The municipal,
city and county governments also consist of similar departmentswith
similar functions. For instance, at the provincial level, thereisthe Provin-
cial Scienceand Technology Commission and at the municipal level and
county level therearethe Municipal Scienceand Technology Commission
and County Science and Technology Commission.

Thisadministrative structure hel psthe government to understand thelocal
conditionwith its problems, which facilitates the sel ection and i mplemen-
tation of related projects.



Table 3 administration division

name of
municipalities
and prefecture

number of counties, cities and
districts in county level
total

district  city county

names of counties, cities
and district under city

administration

Hangzhou

Ningbo

Wenzhou

Jiaxin

Huzhou

Shaoxin

Jinhua

Qiuzhou

Zhoushan

Taizhou

Lishui Prefecture

in whole province

12 5 4 3

11 5 3 3

11 3 2 6

87 23 23 41

Shangchen, Xiacheng, Xihu,
Gongsu, Jianggan Districts,
Xiaoshan, Jiande, Fuyang,
Yuhang Cities, Tonglu, Ling’an
and Shun’an Counties
Chenghai, Jiangdong, Jiangbei
Haishu, Beilun Districts,
Yuyao, Chixi, Fenghua Cities,
Changnan, Ninghai and
Yenxian Counties
Lucheng, Longwan, Ouhai
Districts, Rui'an, Yueqing
Cities, Dongtou, Yongjia,
Pingyuang, Changnan,
Wencheng and Tanshun
Counties
Urban and Suburban Districts,
Haining, Pinghu and
Tongxiang Cities, Haiyian and
Jiashan Counties
Deqing, Changxin and Anji
Counties
Yucheng District, Zhuji and
Shangyun Cities, Shaoxin,
Shenxian and Xinchang
Counties
Wucheng District, Lianxi,
Dongyang, Yiwu and
Yongkang Cities, Jinhua Wuyi,
Pujiang and Pan’an Counties
Kecheng District, Jiangshan
City, Quxian, Changshan,
Kaihua and Longyan Counties
Putou and Dinghai Districts,
Daishan and Shensi Counties
Lugiao, Jiaojiang and
Huangyan Districts, Linghai,
Wenling, Xianju, Tiantan,
Shanmen and Yuhuan
Counties
Lishui and Longgian Cities,
Qingtian, Qingyuan, Jinyun,
Shuichang, Shongyang,
Yunhe and Jingning Counties

Source: Zhejiang Statistical Yearbook 1999
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4

Population

In 1994, 43.4 million peoplein 13.21 million familieswerelivingin
Zhejiang Province. Therural population was 35.65 million (82%), and the
urban population was 7.76 million (18%). Zhejiang Province is one of the
country’ smost densely-popul ated provinces. In every square kilometre,
there are 434 people. Table 4 reflects Zhejiang’ s population from 1981-
1998.

Table 4 population data

numb.e.rs of population rurall urban population

year far.mllles (million) pop_ullatlon popglgtlon growth rate

(million) (million) (million) (%)
1981 9.66 38.72 33.62 5.09 1.33
1982 9.91 39.24 33.88 5.37 0.99
1983 10.14 39.63 34.13 5.50 0.76
1984 10.38 39.93 34.25 5.68 0.93
1985 10.81 40.30 33.95 6.34 0.99
1986 11.22 40.70 34.17 6.53 1.25
1987 11.67 41.21 34.55 6.66 1.19
1988 12.11 41.70 34.88 6.82 0.96
1989 12.40 42.09 35.15 6.93 0.65
1990 12.59 42.35 35.38 6.97 0.61
1991 12.77 42.61 35.55 7.06 0.59
1992 12.98 42.86 35.60 7.25 0.63
1993 13.11 43.13 35.63 7.50 0.65
1994 13.22 43.41 35.65 7.76 0.67
1995 13.40 43.70 35.67 8.02 0.69
1996 13.54 44.00 35.70 8.30 0.50
1997 13.70 44.22 35.57 8.65 0.57
1998 13.89 44.47 35.40 9.07
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Source: Zhejiang Statistical Yearbook 1995-1999

Sincethenational policy for family planning has been introduced, the
average annual population growth rate has been stabilised at 0.82% from
1981-1998. In the 90's, the annual growth rate was around 0.6%. But the
growth rate of the rural population differs from the growth rate of the urban
population. From 1981 to 1998, the average annual growth rate of the rural
population was 0.31%, but the average annual growth rate of the urban
population was as high as 3.5% in the same period. The main reason was
the migration from rural to urban areas even though there were strict
measures to control thismigration.



In the process of socio-economic development, migration from rural to
urban areas has been theinexorable trend in many devel oping countries
creating urban problems. Along with strict residence management, small
town and rural industry development will hel p motivate peopleto stay in
their hometown and not migrate to the urban areas.

5  Energysupplyinfrastructure

In 1998 the yearly coal production output was 0.95 milliontonsin Zhe-
jiang Province, showninFig. 1.

Fig. 1 reflectshow limited coal production in Zhejiang Province was and
that self-mined coal amounted to only about 6% of the total coal consump-
tion.

Electrical power generation hasdevel oped quickly in Zhejiang Province.
Fig. 2 reflects the increase of power generation from 1990 to 1998.

The construction of electrical power plants developed fast dueto the severe
shortage in the power supply. The average annual increase rate of power
generation was 10.8%. But this pace was still slower than the socio-
economic development. Thereisstill agap between power supply and
demand.
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Fig. 2 electricity generation development in Zhejiang Province




Table 5

development of power generation in Zhejiang Province

year

1990 1991 1992 1993 1994

total power generated

(10° kwh) 20.866 24.232 28.416 30.860 34.101
generated from
hydraulic power stations 5.6 5.83 5.845 6.125 6.193
(10° kWh)
increase rate of the total
power generation (%) 16.1 18.9 7.1 7.6
year 1995 1996 1997 1998

total power generated

(10° kWh) 40.711 44.836 48.577 49.211
generated from
hydraulic power stations 7.825 5.225 6.139 7.59
(10°kwh)

increase rate of the total
power generation (%) 19.3 10.1 8.3 1.3

Source: Zhejiang Statistical Yearbook 1999

Self-generated power made up about 82% in Zhejian Province. The
remaining 18% were supplied by the eastern China power grid, (which
covers 6 provinces and Shanghai Municipality). Inprinciple, it can provide
some electricity to Zhejiang Province; however, these 6 provinces and
Shanghai are all bigger energy consumersthan producers. The el ectricity
shortage existsin the areathat the eastern China power grid covers.
Therefore, the power consumers’ demand in Zhejiang Province cannot be
satisfied.

Transportation facilitiesin Zhejiang Province have beenimproved. Energy
transportation within the Province is dependent on railways, roads and
river channels. Seatransportation is mainly done for energy transportation
from overseas, like crude oil, and within the coastal areas of the province.
Table 6 showsthe development of transportation facilities.
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Table 6 main transportation infrastructure

year 1990 1991 1992 1993 1994
railway (km) 832.6 835.8 867.4 886.1 920.5
road ((km) 30195 30700 31924 32838 33438
- first grade 26
- high way 7 7 7
channel (km) 3954 3954 3954 3954 3954
(1m depth more)
year 1995 1996 1997 1998
railway (km) 921 1051 1196
road ((km) 34329 35335 36127 38900
- first grade 110 189 414 669
- high way 94 158 168 344
channel (km) 3967 3967 4439 5948

(2m depth more)

Source: Zhejiang Statistical Yearbook 1995-1999

From 1990-1998, railroads' length increased at an average annual rate of
4.6%, and theroads' length increased at an average annual rate of 3.2%.
Channels, which are the main short-distance coal transportation to many
placesin the Province, were not lengthened. Energy consumption has
increased faster than the improvement of transportation system.



6  Economic devel opment with emphasison agricultureand rural
industries

Since the beginning of the 80’s, the rural economy has devel oped very fast.
The main features of development are:

*  moremarket orientated agricultural production;
. more products available;

. higher productivity;

e fast development of therural industry;

*  higher living standard in most rural areas.

The economic reformin the rural areawas started in the beginning of the
80's. Before the reform, the main productionsin the rural areawere
agriculture, forestry, husbandry and fishery. Agricultural production
included grain crops, oil bearing crops, cotton, jute, sugar, vegetable, teas
and fruits, and mulberry for silkworms. Forestry included forestation and
wood processing, along with wood and bamboo products. Husbandry
included raising cattle, pigs and poultry. Fishery production was of two
kinds, catching fish (mostly from the sea) and aquaculture (in fresh water
and in shallow seawater). After the beginning of the 80's, the rural
industries devel oped quickly and their output valuesincreased much faster
than thetraditional productionintherural areas. Table 7 showsthe
development of agriculture and rural industriesin Zhejiang Province from
1990-1994.

In 1980, traditional rural production’ stotal output valuewas 9267 million
yuan RMB including agriculture, forestry, husbandry and fishery, as
compared with rural industries’ total output value which wasonly

4000 millionyuan RMB, or lessthan half of thetraditional production. But
in 1998, the output of traditional agricultural productionwas 100366
million yuan RMB, but the output of therural industrieswas 1010876
million yuan RMB, the rural industries’ output was around 10 times that of
thetraditional rural production.
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Table 7 production development in rural areas

Unit: million yuan RMB

:)Ortoaé output value of 1990 1991 1992 1993 1994

tradition rural productions 33604 36864 40479 49970 70721
-agriculture 19948 21721 22646 27485 37297
-forestry 1600 1742 2101 2980 4192
-husbandry 7966 8220 9309 10168 15179
-fishery 4090 5181 6423 9337 14053

rural industries 52638 69821 97773 151428 243252

Source: Zhejiang Statistical Yearbook 1995

The average annual increase rate of rural traditional production was 14.1%
from 1980-1998, but the average annual increase rate of rural industries
was as high as 136%. More and more peopleliving in rural areas shifted
fromthetraditional agricultural productiontoindustrial production. Table
8 reflectsthischange.

Table 8 main data for the rural labours

unit: million persons

1990 1991 1992 1993 1994

total rural labour 2035 2072 2099 2106 2101

in rural tradition
production 1337/65.7 1349/65.1 1339/63.8 1239/58.8 1187/56.5

(10° persons / %)

in rural industries
(10° persons / %) 698/ 34.3 7231/ 34.9 760 /36.2 867 /41.2 914 /435

1995 1996 1997 1998
total rural labour 2097 2096 2099 2096
- in rural tradition
production 1145/54.6 1123/53.6 1106/52.7 1102/52.6
(10° persons / %)
- inrural
industries 952/45.4 973/46.4 993/47.3 994/47.4

(10° persons / %)
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The economic growth of peoplein rural areasis on the fringes of
traditional industrial plans. Farmers offered their land |ease contractsto
industrial enterprises. Thereisapeculiar market on land titles because land
isgenerally owned by the government, only. Theindustrial development
mainly of small and medium sized enterprises hasincreased the average
income of the rural people and brought some prosperity to these regions.
With therapid development of rural industries, the living standard in rural
areas also improved.

Inthe remote areas of Zhejiang Province, industrialisation haslimited
possibilities. Traditional agricultureisthe only source of incomebeing far
below 1 US $ per day, there. The necessary increase of economic growth in
these regionsisdepending on the devel opment of agricultural productivity.
The statistics of the UN say that Chinacan export food today, but in about
15 years or less Chinawill be the biggest importer of food in the world.
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Technical Drawing of Hydraulic Ram
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Thishandbook ismeant for policy makers, engineersand field workersto
promote and disseminate the use of renewable energies - here hydraulic
ram systems for water supply in agriculture and households - towards

protection of the environment and natual resources in the process of the
Agenda?2l.



