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Remar kable achievements have
been scored for the development of
rural hydropower and rural electri-
ficationin China. A total of 653 small
hydropower (SHP)-based rural elec-
trification counties have been
completed. In recent years, numer-
ous private investments poured into
the field of rural hydropower to
greatly accelerate the course of ru-
ral electrification. Thisarticle aims
to focus on the general situation and
background for private sector’s par-
ticipation in rural hydropower de-
velopment in China, and the current
operation system and mechanism for
the joint-development of public and
private sectorsin rural hydropower
development.

1 Management System for Ru-
ral Electrification

1) Development M ode

Different from other countries,
the development of SHP in Chinare-
lieson the local levelsand has a de-
centralized mode. Apart from the
strategies, policies, objectives and
standards promulgated by the cen-
tral government, planning,
development, operation, management
and manufacturing are all imple-
mented by the local governments.
SHP has evolved based on the three
features of being “local, micro and of
service”. It hasrelied on the principle
of “walkingontwolegs’, i.e. self-reli-
ance in building SHP stations by the
local force as the major source and

the supply of energy from the large
grids. In this way, a county-based
and decentralized management sys-
tem has been formed, such that rural
electricity in Chinais supplied by the
large grids, local grids and isolated
grids.

Each province, prefecture and
county has their own SHP adminis-
trative entities responsible for SHP
planning, design approval, construc-
tion management and other work at
their respective government level.
Based on the funding source and the
size of the project, thelisting of SHP
projectsis approved by the planning
commission and water resources bu-
reau respectively at the same level.

2) Management on hydropower re-
sour ces

The management on water re-
sources and the corresponding ex-
ploitation right are to be
strengthened. Following the close
study on the operation mechanism for
thetransfer of the hydropower exploi-
tation right under the market eco-
nomic conditions, it aimsto set up a
just, fair and open market for hydro-
power development.

The managing function isto be
fully exerted for the water resources
trades and the unified development
on rura hydropower resources. The
Ministry of Water Resources isin
charge of guidance on hydropower
trades management; and the provin-
cial water authorities are in the posi-

tion to formulate the management
measures according to thelocal reali-
ties for exploring and utilizing rural
hydropower resources.

3) Meticulousimplementation

With respect to rurd electrifica
tion projects, it is required to focus
on the engineering quality, and to
conscientiougly fulfill a series of ef-
fective systems, such asthejuridical
person responsibility system, tender-
ing and bidding system, engineering
supervision system, and contract
management system. Theregulations,
rules, norms and standards con-
cerned should be followed strictly in
hydropower and rural electrification
development.

2 Status of Governmental and
Private Shareholding in Rural
Hydropower

1) Systemreform oninvestment

Inlate 1980sand early 1990s, the
increasing private enterpriseswere set
up swiftly, which led an serious con-
flict of power demand and power
supply. In order to release the
constraint, it was pressing to speed
up the power generation. The sys-
tem reform on investment in rural hy-
dropower was therefore implemented
to encourage the social sectors at all
levelstojoin in the construction with
various modes, such as shareholding
system and joint-stock system, etc,
so as to mitigate the shortage of fund
for power development. Theimple-
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mentation of the policy greatly mobi-
lized the social enthusiasm for invest-
ment in hydropower, and numerous
hydropower stations were invested
basing on the stock cooperative
system.

2) Power construction

Beforetheyear of 1990, themain
source of the fund for rural hydro-
power construction was from
government. After then, the private
enterprises began to invest in rural
hydropower. With respect to the 337
counties, the third batch of rural elec-
trification counties completed during
1995-2000, theinvestment totaled 3.83
billion US$, among which, only 0.15
billion US$ from government, the rest
from social investors.

Among the newly installed ca-
pacities each year, 80% are joint-
stock cooperative or private stations.
The detailsin Zhejiang Province are
showed here asan example. In 2002,
thetotal generation output from rural
hydropower is 4.5 billion kWh, ac-
counting for 18% of the total in the
Province. During 1994-2000, more
than 1700 rural hydropower stations
were built, with atotal installed ca-
pacity of 1.06 million kW. The total
cost for the new stations were 1.33
billion US$, among which, 0.97 billion
US$ invested by the private
enterprises.

3) Power grid construction

Due to the relative complexity
for theinterest distribution, al funds
for power grid construction are fi-
nanced by the government so far.

4) Characterigticson social inves-
torsinrural hydropower

(1) Co-exist of multi-body forin-
vestment

Themain developing modesare:

¢ Joint-development between

the water resource enterprises and
the electric power enterprises.

 Joint-devel opment among the
provincia investment companies, the
county’ s investment companies and
the private enterprises.

o Sole-development by the pri-
vate enterprises.

o Sole-development by the for-
eign investors.

(2) Hexi bility for becoming a
shareholder of the project

There are avariety of ways for
being involved in the joint-stock
system. Besidesfinancial input, the
access for land, labor force,
equipment, technology and engineer-
ing construction reward are also
acceptable.

In some places, the construction
of hydropower station brings disad-
vantages for the downstream towns
for using water. Therefore, the mode
of using watercoursefor shareholding
isnow in experimental stage.

3 Influence of Public and Pri-
vate Cooper ative System to the
Current Rural Electrification

Compared with the state-owned
enterprises, the private enterprises
are more flexible and stress on the
capital efficiency. After the private
capital enters into the hydropower
sector, it could have positive impact
to therura electrification.

1) Promotethedevelopment of rural
hydropower industry

Due to the participation of pri-
vate enterprises, the development and
utilization of hydropower potential
are quickened. The investment in
rural hydropower started from the
fewer people to the present situation
that several or over tens of investors
strive to exploit the one resource site.

2) Cultivate the capital managing
talents

Asabig amount of private capi-
tal goesto the hydropower market in
the less developed area, lots of tal-
entswho are skillful in the marketing
and management come into being.
Some technical and managing staff
flows into the private enterprises.

3) Optimize the construction man-
agement

Itisquitedifferent from the pre-
vious over-budget and engineering
delay. The present cost could be re-
duced by 20%-30% through well-de-
sign and scientific management. The
actual construction period could be
shorter by 6 months or one year than
the designed period.

4) Promotetheindustrial science
progress

To reduce the cost, the private
invested hydropower stations have
the demand to adopt the latest sci-
ence and technology, like optimized
designing of the dam, the utilization
of new material, introduction of auto-
mation equipment etc. Many of the
private hydro power stations have
been earlier to adopt the automatic
control technology of “unmanned
operation” or “fewer staff operation”,
in sharp contrast with the state-
owned ones which may have nearly
one hundred staff for one station with
the installed capacity of only severa
thousand kW. The private hydro-
power station has the fewer opera-
tion staff and thelower managing cost,
better environment, thus, the image
of rural hydropower enterprise
increased.

5)Meet users demand

The electricity coverage in the
rural areasincreased steedily. 1n1978
and 2000, the electricity coverage of
township, village and household in
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China increased respectively from
86.86%0, 61.05% and 93.3%t0 98.45%,
98.23and 98.03%. Inall 12 provinces
and cities realized every village
electrified. There were 2303 counties
with 100% township electricity
coverage, 1917 counties with 100%
village electrification coverage and
1910 counties with 95% or above
household electricity coverage.

The electricity reliability
reached over 96%. The annual elec-
tricity utilization per capita reached
or exceeded 600 kWh.

4 Present M echanism Problemsand
Solutions

1) Power transmitting difficulties

Most of the rural hydropower
stations just generate the electricity
and the electricity must be sent to the
local or state grids for distribution.
The surplus energy that the local
grids could not absorb in the flood
seasons should be exchanged to the
state grids. In some areas regulations
were issued that the electricity from
the rural hydropower stations be
banned during the flood seasons.

2) Electricity pricenot normalized

The formation of therural elec-
tricity price lacks the legalized
operation. The setting and adjust-
ment of the electricity price often de-
pends on the experience of the deci-
sion-makers, the status of the enter-
prises and the understanding of the
orientation in the state’s policy etc.
It is often not quite objective.

Some local big grids reduce the
rural electricity price at will and that
is not in agreement with the market
supply and demand relation to
achieve the same grid, the same qual-
ity and the same electricity price. The
price of therural eectricity isaround
2.43 Cent US$/kWh. But the price
from the large gridsto the small ones

isusually about 4.84 Cent US$/kWh
or even higher.

The big gridstry to reduce the
rura hydro electricity price by rea-
sons of flood and dry season, peak
and valley pricing, exceeding quota
pricing, bidding pricing, wasted sur-
plus and other names and as a result
therural hydropower enterprises suf-
fer greatly infinance.

3) Constrains of the public welfare
character

A large number of hydropower
project have been built with multi-
purpose services including flood
prevention, irrigation, fresh water
supply etc. To prevent floods and
reduce the disaster, water has to be
spilled in advance. To ensure the
industrial, agricultural and dwellers
use of water, the rural hydropower
stations often miss the chance to gen-
erate electricity so asto increase the
water level against the season. Or
they have to operate for long time at
low head and reduced output which
caused financial loss.

The exploitation of the hydro-
power resources should reflect the
State’ swill and that is the incorpora-
tion of the fact that the hydropower
resources belong to the State. The
State should stipulate the related
policy framework.

(1) Deepen the power reform

The orientation of the power
reform should be: break away with the
monopoly, set up the balancing
mechanism, realize “dispatching
neutral, power generation and grid
separated, price bidding, transmis-
sion and dispatching separated and
competeto supply theeectric power”.
The power market has to be culti-
vated and improved with multiple le-
gal entities and orderly competition
for relatively stable supplying area

and in rational electricity price.

(2) Increasetherole of eectric-
ity pricing with focus on resources

It is demonstrated obviously in
severe environmental pollution
caused by thermal power plants. The
environmental cost due to severe
pollution has not been accounted into
the cost and the environmental space
has been used free of charge. A pric-
ing system for sustainable develop-
ment has to be established in future
so as to reflect the actual value be-
tween the electricity and
environment.

(3) Adopt the quota system for
the renewable energy

It hasto clarify and quantify the
rural hydropower market quota and
development objective, set acertain
proportion of renewable energy inthe
local power construction so that the
selling to the grids from the hydro-
power stations could be ensured and
wholly sold into the grids. That is
conducive to set off the unfavorable
elements due to the present mecha-
nismin the rural hydropower genera-
tion and supply.

The support to the renewable
energy should be changed from the
direct subsidy to the self-adjustment
by the market. The adoption of the
renewable energy quota will ensure
legally the renewable energy like the
rural hydropower fully sold to the
grids.

(4) Improve the tax policy

The tax policy for the energy
environment has to be worked out
and issued, so asto levy the related
fees due to the environmental pollu-
tion caused by the production of
energy, CO, and other green house
emissionsin particular. The fee could
be used for subsidizing the devel op-
ment of the clean renewable energy.
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(5) Adopt the gover nment man-
agement license system

The adoption of the manage-
ment license system could enable the
right of development of hydropower
to be determined by the market
mechanism, normalize the relations
between the government and hydro-
power enterprises, and push forward
the process of market-orientation of
hydropower industries.

For those hydropower stations
invested by the State, it is necessary
to adopt the license management or
entrusted management, liquidize the
existing hydropower asset and in-
crease the management efficiency, on
the basis of clarifying the property
and through the market competition
mechanism.

It is necessary to set up the sys-
tem of admission to market, encour-

age the rural areas to consume the
green renewable energy, stimulatethe
ecological and environmental protec-
tion and promote the sustainable
development.

(6) Stress the governmental su-
pervision mechanism

The issues involved in the pri-
vate investment in the hydropower
projects such as land occupation,
water price, flood prevention; ecologi-
cal issues and etc are usually not to
be solved by private investors. The
hydropower projectsinvolvetheright
to use water at both the upper and
lower reaches, domestic use, power
use and ecological use. All thesere-
quire the government to play the ex-
ecutive role, consolidate guidance,
normalize the management, timely
supervise and coordinate the inter-
est parties.

5 Conclusions

The continuous inflow of pri-
vate capital into therura hydropower
development is an inevitable result
of thestructural adjustment in China' s
power industry. The construction of
rural hydropower and electrification
should be carried out in conformity
with the economic, social and eco-
logical benefit, and in combination
with the social and economic sustain-
able development.

Contact: Li Zhiwu, 122
Xueyuan Road , Hangzhou, P.R.
China, 310012

Email: avi@hrcshp.org W

HRC'sexpert attended the 4th World Water Forum

As one of the members of the
Chinese delegation, Mr. Li Zhiwu,
Vice Division Chief of International
Cooperation, Science and
Technology, HRC, attended the 4th
World Water Forum, which was held
in Mexico City from 16th to 22nd
March 2006, with the theme of "local
actionsfor aglobal challenge." More
than 11000 representatives from over
80 countries, including China, partici-
pated this main international event on
water, which comprised the follow-
ing contents: the Thematic Forum, the
Ministerial Meeting, the Youth Wa-
ter Forum, the Children Water Forum,
the Water Expo and the Water Fair.

Representatives at the gathering dis-
cussed widely on the issues
concerned, such asthefurther actions
for effective saving, protection, man-

agement and utilization of water
resource, and the integration of re-
gional actions and world water con-
servancy construction, etc. [ |
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Environmental Integration of Small Hydropower Development

ZHAO Jianda

(Hangzhou Regional Centre(Asia-Pacific) for Small Hydro Power,Hangzhou,China)

Abstract: On the basis of coop-
erative research with European
professionals, problems relating to
environmental and ecological pro-
tection were discussed while small
hydropower development in China
currently was introduced in this
paper. Guidelines of small hydro-
power development dealing with en-
vironmental protection were sug-
gested hereby. Various specific tech-
nical environmental solutions focus-
ing on small hydropower develop-
ment applied in European and other
devel oped countries were also intro-
duced in this paper. Main environ-
mental solutions are discussed as
follows: integrated design should be
advocated during plan/design
stage; eco-hydraulic engineering
and its utilization in SHP design and
construction; effective technical ap-
proachesto relieve and eliminate the
impact of river interception and fix
the reasonable minimum biological
flow; environment-friendly mitiga-
tion and compensation measures for
high/low-head hydropower schemes
applied in diversion works, intake,
nature-like fish-passes, penstock and
powerhouse design; study and ap-
plication of the new technology,
material and equipments; launching
renovation of environmental protec-
tion in existing stations; emphasiz-
ing public participation and their
acceptability for the SHP
environment; coordinated inter-dis-
ciplinary study at national level. etc.
Two case studiesin Sveden and Aus-
tralia are given here.

Keywords: Small hydropower,

Hydropower potential with environ-
mental constraints, Entironment, En-
vironmental integration, Integrated
design, Minimum biological flow,
Nature-like fish-passes, Solution,
European, China, Case study

1 Preface

Small hydropower (SHP) iscon-
sidered as renewable and green
energy. Compared with thermal
power and large hydropower, SHP
has more ecological benefitsand less
negative effect on environment. Al-
though SHP has less ecological
problems, the fact of recent decades
isthat SHP didn’t advanced harmo-
niously with environmental
protection. The goa of environmen-
tal integration is out of our sight,
which is worthy of our overall sur-
vey and study.

2SHPin theWorld

Although thereis till no inter-
national consensus on definition of
‘small’ hydro —the upper limit isusu-
ally taken as 10 MW (SHP definition
supported by ESHA and the Euro-
pean Commission) although thisrises
to 25 MW and 50 MW respectively
in Indiaand China. In general SHP
has minimal environmental impacts
through the use of ‘run-of-river’
schemes. Also within the range of
small hydropower, mini-hydro typi-
cally refersto schemesbelow 1 MW,
micro-hydro below 100 kW and pico-
hydro below 5 kW. Although all of
these technol ogies could be regarded
as small hydropower, they have spe-
cific technical characteristics that

warrant their own definition. Gener-
aly speaking, micro- and pico-hydro
technologies are used in developing
countriesto provide electricity toiso-
lated communities where the el ectric-
ity gridisnot available, whereas mini-
hydro tends to be grid connected. In
most of the cases, no dam or reser-
voir storage isinvolved in pico-, mi-
cro- and mini-hydro schemes.

Hydropower throughout the
world currently provides 17% of our
electricity from an installed capacity
of some 730 GW, with another 100
GW currently under construction.
This makes hydropower by far the
most important renewable energy for
electrical power production. In 2002
the contribution of SHP to the world-
wideelectrical capacity wasonasimi-
lar scale to the other renewable en-
ergy sources (1%-2% of total
capacity), amounting to about 47
GW, 25 GW (53%) of this capacity
was in developing countries (Table
2-1).

In the global SHP sector, China
is the major player driven by long-
standing rural electrification
programmes from the government.
2005 figures show SHP capacity has
grown to 31,200 MW in 43,000
stations, meaning that Chinaaone has
morethan half of theworld' ssmall hy-
dro capacity and represents the bulk
of installed capacity in developing
countries. Growth in the Chinese SHP
sector remains strong at 9% per year
and there are plans to develop afur-
ther 16,000 MW in the new Five-Year
Program period (2006-2010).
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Table 2-1. Installed SHP Capacity by World Region

tion river, water-

quality deteriora-

tion and the dam-
age of landscape.

In some regions,

river health and

ecology balance

Source: The International Journal on Hydropower and Dams,

2004; US DOE, 2004

Other developing countries
with significant SHP capacity are In-
dia(1694MW), Brazil (859 MW),Peru
(215 MW), Malaysia and Pakistan
(both 107 MW),Balivia (104 MW),
Vietnam (70 MW),the DR Congo (65
MW), Sri Lanka (35 MW) and Papua
New Guinea (20 MW),while Russia
and the Central Asian states also
havelargeamountsinstalled (totalling
639 MW) (2005 figures).

3 Environmental and Ecologi-
cal Protection Impact on SHP
Development

3.2 China’sCurrent Situation

China has witnessed a swift
SHP development in recent years.
Total installed capacity have reached
34.66GW with 2 million kW to 3 mil-
lion kW of annually new-added in-
stalled capacity, accounting for more
than 30% of the hydropower and 6%-
7% of power industry of China, rank-
ing thefirst placein theworld. In the
progress of large-scale and rapid de-
velopment appeared something
adverse, especially the SHP
exploitation’simpact on the ecologi-
cal and environmental protection, to
which more and more attentions have
been given. A trendy action of “ Seiz-
ing river section”, which implies an
illegal movement of exploitation of
SHP resources in some rivers with-
out comprehensive survey and
authorization, has resulted in out-of-
order exploitation, such as interrup-

Region Installed SHP Capacity(MW) | Percentage
Asia 32,641 68.0%
Affrica 228 0.5%
South America 1280 2.7%
North & Central America 2929 6.1%
Europe 10,723 22.3%
Australasia-Oceania 198 0.4%
Total 47,997 100%

have been badly
disturbed due to
over-exploitation
without taking
ecological water utilization into
consideration. Nanxi River, a na-
tional important scenic spot, is an
example for such case. The out-of-
order SHP exploitation led to river
flow interruption, water-quality de-
terioration fromlevel 1tolevel 5and
difficulty of supplying domestic-wa-
ter to a number of counties. A spe-
cial local aquatic product XIANG
fish, almost reaches extinction. Itis
reported that in 2003, more than 90
SHP stations was being exploited or
under construction in the upper
reaches. Construction muck without
appropriate treatment was flushed
down by flood, which resulted in the
riverbed rising of the lower reaches
in the key scenic spot, and deepwater
pond was shallowed.

Local governments, generally
responsible for financing environ-
mental protection and reservoir man-
agement of medium and small hydro
project, are often confronted with lo-
cal fund shortage. They would usu-
ally cut down local investment or joint
investment with private companies.
Some local governments even sacri-
fice environment and resettled
peoples’ profitsto makeinvitation for
business and investment.
Furthermore, there is no strict super-
vision of project construction from
local related sector who would usu-
aly yield to the inappropriate deci-
sion of individual local leader. For
designers, good and the bad mixed

together, and out-of-order competi-
tion occursin SHP design, as result
of which, some designers sacrifice
designing quality to cater to some
owners' incorrect requirement.

A batch of “4-withouts” illegal
stations were built, i.e., without
approval, design, acceptance test or
normal management in some areas,
which leads to a serious result and
damage of environment and ecol ogy.
It is harmful for SHP sustainable
development. Under impact of nega
tiveinfluence, people now realizethat
we must attach importance to the en-
vironmental protection during SHP
development. Emergent measures had
taken by the government to weed out
nearly 3,000 illegal stationsin 2004.
The practiceof exploiting SHP orderly
and protecting environment has
kicked off.

On 25 June 2004, Ministry of
Water Resources issued “ Notifica-
tion on further strengthening the
work of rural hydropower” (No.214,
2004) in which strengthening man-
agement of water resources, stan-
dardizing hydropower market ,rigor-
ously reinforcing basic construction
program and management of rural
hydropower construction are pre-
scribed confirmatively. “Urgent no-
tification on stopping the out-of-or-
der construction of power stations’
issued on November 24, 2004 by the
State Council viathe State Develop-
ment Reform Commission is the se-
verest and timely shock for the out-
of-order construction of SHP stations.

In respect of the environmental
protection in the hydropower station
construction, optimization of the sta-
tions' operation and management
and mitigation of impact of the water
environment and aquatic ecology,
“Notification on strengthening en-
vironmental protection in hydro-
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power construction” issued by the
State Environmental Protection Ad-
ministration and the State Devel op-
ment & Reform Commission on 20
January 2005 pointed out, “the hy-
dropower station construction must
follow the environmental require-
ment of the law of environmental
impact assessment and regulations
of the environmental protection for
construction project, strictly execute
the regulations of the environmen-
tal impact assessment, and seriously
carry out environmental protection
design. We must reduce hydropower
negative impact on environment as
significantly as possible, especially
fulfilling the environmental protec-
tion measures such as: protecting
|low-temperature water, fish, flora
and fauna and especially on aquatic
ecosystems, maintaining water and
soil in the progress of construction,
doing well work of resettlement ”.
We must study and formulate opti-
mum operation mode and mitigate
SHP adverse impact on the water en-
vironment according to the require-
ment of power and water supply and
ecological environment. For con-
structing diversion-type station or
other types, we must avoid flow in-
terruption in part of the river result-
ing from hydro power station’s
operation. It is necessary to set down
the construction and operation of the
water release structure to make sure
amount of ecological flow.We must
put economical,social ecological ben-
efit together to fix ecological flow on
the basis of the need of local
production,living,ecology,and
landscape. For the station built on the
river with navigation in the lower
reaches,it is necessary to meet the
flow demand for river navigation
whereas devices for protecting fish
and other aquatic should be able to
work normally.

“Rivers, watersheds and
aquatic ecosystemsare are the bio-
logical engines of the planet.They
are the basis for life and the liveli-
hoods of local communities. Dams
transform landscapes and create
risks of irreversible impacts.
Understanding, protecting and re-
storing ecosystems at river basin
level is essential to foster equitable
human devel opment and the welfare
of all species. Options assessment
and decision-making around river
development prioritises the avoid-
ance of impacts, followed by the
minimisation and mitigation of harm
to the health and integrity of theriver
system. Avoiding impacts through
good site selection and project de-
sign is a priority. Releasing
tailormade environmental flows can
help maintain downstream ecosys-
tems and the communities that de-
pend on them” .2

A minimum environmental flow
(or reserved flow) downstream of
hydroelectric installations empha-
sizesthe protection of the natural life
intheriver.

In recent years, power shortage
drives many local governments to
construct unqualified and unautho-
rized SHP stations as insanely as a
man drinks water with poison to
quench thirst. Environmental protec-
tion and ecological constraints there-
fore seem not serious. It can be
anticipated, with the normalization of
power supply and demand, and build-
ing of awell-off society inanall round
way and continuous raise of ecologi-
cal protection ideafrom communities
and society, similar to the large hy-
dro power, and similar to the devel-
oped countries, ecological con-
straints on SHP development will in-
creasingly be salient, SHP would wit-
ness a healthy progressif ecological
protection is correctly set down. Vice

versa, the SHP sustainable devel op-
ment would befrustrated. So it isnec-
essary to study and formulate relat-
ing strategy as early as possible.

Therecent ecological protection
program of “replacing firewood with
SHP" has been playing activerolein
theforest protection and reducing the
emission of greenhouse gas. Lots of
demonstration and practice of the
project’s ecological benefit have
emerged. There are till few research
results relating to the environment
and ecological study of SHP except
that same method of monetization
account of mitigation of environmen-
tal pollution and ecological destruc-
tion from the replacement of firewood
by SHP has set to study in the aca-
demic circle recently. These results
would likely be conducive to promot-
ing the sustainable development of
SHP.

Lots of systemic studies of the
SHPimpact on environment and ecol -
ogy have been performed in devel-
oped countrieswhere many new tech-
nologies and measures have been
adopted in addition to strict execu-
tion of policies and programs of
authorization. It is practically proved
that these new technologies and mea-
sures are basically suitable for Chi-
nese case because it is most prob-
ablefor themto relieve the SHP nega-
tive impact on local environment.

3.2 China’'s Guideline of SHP De-
velopment

Scientific development concept
and the idea of human’s harmonious
coexistence with the nature and con-
structing the society friendly with
environment, asinitiated by Chinese
government, are taken as the guide-
line for resolving the problems of the
environmental and ecological protec-
tion of SHP development.

In the early stage of planning,
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we must formulate and put into prac-
tice the new idea of the resources of
environmental protection and
exploitability, setting the plan on the
basis of sustainable development in-
tegrated with environment at the very
beginning. We must carry out envi-
ronmental assessment paralleled with
other works rather than deal with en-
vironmental protection after comple-
tion of design. All above mentioned
means that measures for prevention
and mitigation of the environmental
impact should be integrated in the
process of plan and design.

To realize the objective of “ex-
ploiting under protection and pro-
tecting during exploitation” and
stick to the integration of the hydro-
power exploitation and ecological
environment, we must create the SHP
system friendly with ecology and
environment, consciously coordinate
the requirement of economy and en-
vironmental protection, and study
new methods for the sensitivity of
local community to environmental
problems and new approaches for
broaden involvement of the public to
reach a win-win objective of both
economy and environment for the
selected option.

4 Environmental Integration
Solutions

4.1 Emphasisshould begiven tothe
combination of SHP and
environment, with theenvironmen-
tal impact assessment carrying out
simultaneously during plan/design
stage, not successively

4.1.1 Integrated design

Integrated design should be
advocated. Presently, the design
method is: to make sure the realiza-
tion of maximum power production,
and followed theamendment for meet-
ing the requirement of environmental
protection. However, environmental

congtraint could actually impose bad
effect on the general design and lay-
out of a SHP station. Integrated de-
sign will prevent designersfrom con-
sidering that respect of the environ-
ment isjust aburden. Mitigation and
compensation measures, which pre-
suppose a negative impact, should
be replaced by a design process
where environment is considered as
an important element. Integrated de-
sign can reduce the project’ s adverse
impact on the landscape. The prevail-
ing review procedure of SHP design
and relevant standards for environ-
mental protection should also be ad-
dressed and modified accordingly.

4.1.2 Ecological engineering

We should strengthen theoreti-
cal study of the eco-hydraulic engi-
neering and its utilization in SHP de-
sign and construction, such as plant-
ing vegetation, naturalizing dam, con-
solidating the bank and constructing
auxiliary hydraulic buildings. Me-
chanical and scenic impact could be
mitigated consequently.

4.1.3 River Interception and water
intake'simpact on environment

For diversion-type hydropower
stations, water isdrawn into the pow-
erhouse though entrance channel,
and the natural flow was reduced and
ecologica system changed dueto the
new-building obstruction such as
dam and intake structure. It is neces-
sary to study effective technical ap-
proaches to relieve and eliminate the
impact of river interception and fix the
reasonable minimum biological flow
as well as the degree of pollution of
downstream water quality derived
from the hydropower station
construction. We should develop the
simple and quick assessment method
on the basis of quick test non-bio-
logical index to serve such kind of
impact.

4.1.4 Civil engineering works

4.1.4.1 Waterways (Diversion
works, intake and fish passes)

1) It is necessary to take the
environmental integration into deci-
sion of the intake structure’s height
besides the hydraulic condition and
the requirement of power generation.
From an environmental viewpoint, the
height of intake structure is the most
important factor and similar to all
other civil workswhichismostly site-
specific, enjoysno universal design.
With few exceptions, diversion works
and intakes interrupt river continuity
to an extent essentially proportional
to the efficiency of the fish pass. In-
tegrated design would reduce the
visual impact of civil engineering
works on the environment.

A set of rather new solutionsis
used to reduce environmental im-
pact in high-head hydropower
schemes:

* Hillside-channels and steel
open-air penstocks on the headrace
side replaced by underground plas-
tic penstock (glass reinforced
plastics, High Density Poly Ethylene,
HDPE) to reduce land occupation,
visual impact and maintenance.

Fig 4-1. An uncovered anchoring block

at penstock without expansion joints

*When the head istoo high for
this solution, maintenance-free
penstockswhich are devoid of expan-
sion joints, should be preferred, asit
isthus not necessary to build tracks,
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roads or inclines planesto reach them.

» Completely accessible, un-
covered anchoring blocks can aso
reduce the impact of penstock civil-
engineering works and increase
safety.

Because of their large dimen-
sions and discharges, environment-
friendly solutions for low-head wa-
terways are difficult to design.
However, important mitigation and
compensation measures to reduce
environmental impact begin to be
taken, such as:

* Reduce of height of ancillary
work, such asthe hydraulic cylinders
which move gates|ocated in the body
of theweir to reducethevisual impact.

 Design of headrace and tail-
race channels, which serve ecologi-
cal functions (that of a biotope).

* Creation of structured embank-
ments in semi-agquatic aress.

* Use of bioengineering in
terrace, banks and splash zones.

2) Sonar and optical devicescan
keep the fish away from the abstrac-
tion pipe. These devices may apply
in special intake such as bottom in-
take and screen, to attract fish and
prevent fish from entering plant wa-
terways to reduce the environmental
impact of SHP.

3) Diversefish friendly by-pass
systems (concrete fish ladders, rock
ramps, Bordland lift, pool and step
design-nature-like or not-...)and de-
vice to attract fish to the passes are
now available and installed.

Moreand more nature-likefish-
passes in Europe have been revealed
themselves as being efficient. In
Germany, a special device has been
developed for facilitating the down-
stream migration of eels. Small artifi-
cial waterways with step and pool

morphology replac-
ing the fish ladders
using traditional tech-
nology and structure
isatrend. Such kind
of artificial waterways
appears mostly in
small mountainrivers.
They havethefollow-
ing functions, for
most of the fish spe-
ciesor for the aimed
species:

* They allow beside upstream
migration also downstream
migration,

* They creste spawning grounds
and biotopes,

» They serve as a habitat for
young fish.

Fig 4-2. An excellent example of fish

friendly nature-like fish way with step and pool

mor phology!?

Highly site-specific, as are all
civil engineering works, no univer-
sal design existsfor fish passes. Un-
til now, thereis however no any kind
of standardized, efficient and low-
cost design of fish immigration de-
vicefor SHP.

4.1.4.2 Powerhouse

To look beautiful and visual
comfortable, at |east acceptable, from
the outside, the station’s walls
should be made of local material as
much as possible for the purpose of
harmony with environment. The sta-
tions would be easily accepted as an

N

Fig 4-3. A power house coated with local stone

important resource of the renewable
power, if looks like local village in
mountain areas. The Oriental islikely
to share great difference with the
Occidental in respect of the design
thought about the harmonization be-
tween buildings and its surrounding
and acceptability.

4.2 Study and application of thenew
technology, material and equipments

1) Studying the new material of
dam. For example, in Japan, a new
technology of building dam with ge-
latinization gravel is under way,
through which free-muck disposal
during the construction could be
redlized.

2) Adopting the air cushion
surge chamber for protecting vegeta
tions .Norway is adopted at thiskind
of technology.

3) Simple and quickly-built
powerhouse, underground
powerhouse, etc. for an instance, La
Douve second stage hydropower
station in which turbineis driven by
the sewage water from the outlet tun-
nel of the sewage water trestment sta-
tioninthe Alpswasinstaled in only
23 minutes with the help of helicop-
ter dueto no way to the site after sev-
eral month’ s making and assembly in
workshop including powerhouse, the
panels of control, service power and
electrical equipments. The under-
ground powerhouse can easily
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emergewith environment (low noise),
though high cost.

Fig4-4. TheLaDouvell hydropower plant usesthe
effluent of a wastewater treatment station in the

Swiss Alps. Its Pelton turbine develops 75kW®

4) Improvement of electro-me-
chanical equipment

« Studying on the technology
of substituting Bio-degradable oil for
lubricating oil to prevent leakage dil’s
pollution to the downstream water.
GE Hydropower Company, to reduce
therisk of oil pollution of SHP, have
developed the technology of reduc-
ing and even canceling lubricating oil
in the hub of the Kaplan turbine’'s
runner, and adopted the Kaplan run-
ner without oil lubrication. The first
commercial unit utilizing technology
of no oil lubrication wasinstalled and
put into operation in Sweden in Oc-
tober 2000, and up to now it have been
working very well. The second, third,
fourth and fifth commercial unit were
installed and put into work respec-
tively in August, 2002 and autumn of
2003. Thereareaso such kind of com-
mercial unitsrunning well in Finland.
Many orders for such kinds units
have been procured in Europe.

* Designing of the fish-friendly
ecological type turbine runner.

» Adopting low noise gearbox
and generator.

For example, the Powerformer,
initiated by ABB-ALSTOM in
Sweden, isanew type of generator in
which there are no high-voltage
switch box and transformer. Stator coil

ismade up of high-voltage cable with
the output voltage equivalent to the
transmission voltage, which lead to
the lower cost of equipments and
construction as well asthe less envi-
ronmental impact derived from con-
struction of the step-up switch-box
station. Powerformer, also suitable
for the smaller hydropower station,
has been put into commercial usein
SHP station with installed capacity
of 5to 10MW. With higher efficiency
of 0.5% than a set of conventional
generator plus transformer,
Powerformer enjoys less cost of op-
eration and maintenance.

In addition, the compact genera-
tor could be installed by developing
small bulb turbine and utilizing PME
(Permanent magnet excitation syn-
chronous generator) in case of the
turbine maker’s lining up with the
generator maker.

« Oil-free governor, assembled
electrical panel and automatic trash-
rack, etc..

5) Spreading the unmanned
power station and containerized SHP
station. For instance, the power-
houses of some SHP stationsin Aus-
trdiadl look like containerswith small
area covering and compact
configuration. Small space serving for
aisleisleft besides equipments. And
thereis no crane in the powerhouse.
Its roof could be opened in case of
unit mai ntenance with thetruck crane.
You cannot see any windows in the
walls, and afan is fixed on the roof
used for ventilation.

The unmanned SHP stations
prevailing in the developed countries
giveriseto the different powerhouse
design:

* No emphasis on upright wall
with quaint shape.

* In spite of loud noise inside,

no lower than in Chinese SHP
stations, noise, well confined to the
fully-enclosed powerhouse without
windows, cannot be heard outside,
which meets the demand for environ-
mental noise. Therefore you cannot
know where the station islocated, as
some of its steel penstock and tail
water areinvisible, even standing in
front of the station’s gate. On enter-
ing the powerhouse, you can find a
small devicefixed onthewall, apair
of exquisitely packed cotton balls
used for earplug would appear if you
press on it.

* No auxiliary powerhouse and
other structures but a quaint-shaped
powerhouse erecting on the ground.

*No particular ventilating
equipment. Horizontal generator
adoptsthe fully-enclosed ventilation,
thoroughly different from those of
China, all of which use exposed
ventilation.

Lots of concerns are given to
the environmental protectionin SHP
exploitation in the developed coun-
tries where as little as possible areas
are covered in order to preserve
vegetations. Different measures have
been adopted in accordance with dif-
ferent areas, which fully show the
characteristics of combination of SHP
and environment.

4.3Hydropower construction

The measures of the environ-
mental protection in hydropower sta-
tion construction mainly include:

1) The “3-simultaneousness”
during construction requires that en-
gineering construction together with
environmental protection, facilities
for water conservation and ecology
and environment’s construction
should be put into operation
simultaneously. In addition, vegeta-
tion should be restored and ecologi-
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cal garden in the dam area be built.

2) Controlling soil erosion, no
emission of wastewater, keeping
good water-quality of theriver.

3) Adopting good construction
road and special enclosed garbage
way and vessel of loose concrete for
prevention of air pollution.

4) Choosing appropriate con-
struction measures and time (for clo-
sure of dam gate) to resolve the eco-
logical and environmental problems
such as flow control and lower
reaches demand for the water.

“The Guideline and Regulation
of the Environmental Protection in
the Rural Hydropower Project Con-
struction” have been drawn up and
examined but not yet issued officialy
in China. The content about environ-
mental protection in construction
mainly includes: the prevention of
three kinds of muck (sewage water,
waste gas and solid muck) and noise
pollution, noise control, ecological
protection, human health protection,
management and monitoring of the
construction environment.

4.4L aunchingrenovation of environ-
mental protectionin existingstations

We should carry out renovation
of environmental protection in exist-
ing stations, such as improving old
runners with technology of dry
lubrication. The existing stations are
aready part of the environments, itis
inevitable that realizing station’s
modernization would certainly in-
volve research, development and
demonstration and the electro-me-
chanical devices. These measureswill
mitigate environmental impacts and
reduce cost of SHP.

4.5Emphasizingpublicparticipation
and their acceptability for the SHP
environment

The environmental integration
of SHP can beimproved by technical

and non-technical measures with the
|atter asmain one. It is better to adopt
the multi-purpose SHP project com-
bining flood control, irrigation, water
supply and power production, in or-
der to improve the socia and envi-
ronmental acceptability for the SHP
stations especially for the new ones.
The priority of exploitation should be
given to the new standardized
method for monitoring the public sen-
sitivity for the environmental prob-
lems and new option which can real-
ize wider public participation in the
designing progress.

4.6 Thecoordinated inter-disciplin-
ary study at national level

Chinaisalarge SHP country but
far away from strong one, especially
regarding SHP technology study. It
isnecessary for the SHP devel opment
to launch inter-disciplinary
coordination. Some technologies de-
veloped in other power fields can
fully be applied the SHP sector. For
instance, the low-speed AC genera-
tor which used in wind power is also
used for the low-head Bulb turbine
by somelarge Companies. Therefore,
it isimportant to support SHP's co-
operation and exchange of informa-
tion and special knowledge with other
fields such aswind power, especialy
in respect of the electro-mechanical
equipment, control and monitoring
technology for prevention of waste
and repetition of the academic
resources. Currently, Chinaseemstill
has no definite master plan for tech-
nology development and its capabil -
ity of scientific research isalso wesk.
These should bring attention to the
decision maker.

5 Summary

Hydropower is a renewable
energy, improvement of environment
protection dealswith a better integra-
tion of the SHP plants to the local
ecosystem. Such integration mainly
relates with noise reduction and re-

duction of the impacts on fauna and
flora and especially fishes. Thisin-
fersthat:

 waterways (pipes, penstock,
channels) and their setting and main-
tenance do not impact on the local
ecosystem, by using under ground
or/and maintenance-free, ....

* water stream continuity is not
broken, by letting an appropriate re-
sidual discharge within the stream
and by setting efficient fish passes,
so that notably fish upstream and
downstream migration should not be
disturbed.

» fish are not damaged within
the turbines: either systems are set
to prevent them from entering the
turbine, either the turbine has a spe-
cial fish-friendly design.

+ thewhole SHP equipment in-
tegrates the landscape notably on a
visual point of view by using bioen-
gineering techniques for example.

Such improvements could be
helped by establishing general
guidelines, so as to design from the
beginning the power plant asawhole
with a focus on environment
integration, and find the best
environmental, technical and eco-
nomic solutions. Moreover standard
and objective methods for environ-
mental assessment would gain at be-
ing developed so that every one con-
cerned by a SHP project (investors,
officers, environment associations,
...) could base their analysis on an
official study.

And finally, techniques and
procedures for SHP integration to the
environment need to be promoted
and disseminated in order to improve
local public awareness, to prevent
problems that could spoil SHP
picture.

SHP integration to the environ-
ment is essential when dealing with
SHP picture as arenewable energy.
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Table 5-1. SHP Environmental Impacts and Feasible Solution (Suggested by ESHAI)

SHP Impacts

Feasible Solutions

Painting the water intake pipe
Embcedding the water intake pipe in a “geotextile”

Landscape — visual intrusion

Burying the water intake pipe

Integrate the powerhouse in the landscape by using local matcrials
and architecture

Undcrground works for outdoors power station and transmission
line connecting the plant to the grid

Disturbed ground can be replanted with appropriate vegetation

Maintaining an appropriate minimum reserve flow

Water resources, including impacts on

other water uses

Design and construction techniques to maintain or replace local
drainage channels

Fish passcs

Retention or detention structures to avoid increase of runoff

Flora and fauna, and especially on

aquatic ecosystems

Installing grids or other diversion methods across water intakes
and tailraccs (o prevent the entry of fish into the turbine

Clearing of biomass

Installation of multilevel water intake pipes
Re-acration of decper watcrs and

River water quality

Aspiration turbines

Sluice gates that can be opened and closed, pumping scdiments
slurries over the dam crest or removing sediments from the river
by conventional dredging or pumping out the slurry elsewhere

Other impacts

6 Case Study

Casestudyl: Nykvarn MicroHydro
Power Station, Sweden

Fig6-1. Nykvarn MicroHydro Power in Linkoping,

Sweden(325kW), an excellent example of environ-
mental friendly SHP. A trash-rack cleaner isindi-
vidually designed by the plant self

Description of the system

Nykvarn isamini-hydropower
station located in Linkoping, Sweden
with capacity of 325 kW, afal height
of 2.8m and 1.5GWh annual
production. Extension torrent of wa-
ter is 16 m®s, middle torrent of water
is 15m%s. The station was built in
1942. Its generator, turbine and gear-

Noise can be minimized by proper noise abatement measures or
underground works

box arefromthat year. Electrica, con-
trol and hydraulic equipment arefrom
1997. Thetrash-rack isfrom 2001, and
it’s without hydraulic fluid, and en-
gines controls with frequency
controllers, instead of hydraulic
engine.
Environmental measures

Like most of SHP plants in
Europe, Nykvarn has been in opera-
tion more than 60 years. But it still
function well. The environmental in-
tegration (its powerhouse, intake,
trash-rack cleaner and weir etc. ) of
thewhole plantsisatypica example
for that kind of environment-oriented
renovation of existing plantsin many
European countries. The old high
quality electromechanical equipments
and powerhouse combined with re-
furbishment modern control and moni-
toring system is so harmonious and
historical. The existing environmen-
tal friendly plant isalready part of the
whole environmentsincluding thean-
cient Kinda Canal, office buildings
and factory nearby.

|
Fig 6-4. A 325 kW turbine manufactured in 1942
still kept in operation

Fig 6-5. The ancient KindaCanal nearby
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Casestudy 2: Parangana Dam SHP
Station, Augtralia

Fig.6-6 Parangana Dam SHP plant(1x750kW), a

containerized SHP station in Tasmania State, Aus-

tralia
Description of the system

With a set of vertical-shaft
Francis turbine of 750kW, the inlet
penstock layoutsin line with the tail-
water canal, over which ametal con-
tainer is built as the powerhouse cov-
ering 8m2. The ail pressure device,
aong with the switchgear equipment,
islocated inthe auxiliary room that is
higher than the powerhouse and faces
the containerized substation. Its pa-
rametersare:

* Net head: 36m
¢ Discharge: 1.05-2.7L/s
* Output of generator: 750kW

 Type of the turbine: Francis
turbine with speed of 750 rpm.

* Type of the generator: Asyn-
chronous generator

Environmental measures

The specific design liesin the
installation method of this plant. The
powerhouse, ametal container, isdi-
rectly erected on the tail water canal
which is connected with theinlet pen-
stock tunnel.

7 Acknowledgements
This research project was sup-

ported by my organization—
Hangzhou Regional Centre(Asia-

Pacific) for Small Hydro Power
(HRC). | highly appreciate SIDA,
Vattenfall Power Consultant AB and
Sweco AB for offering me this train-
ing opportunity which enables me to
undergo this project and also Nanjing
Hydraulic Research Ingtitute and the
Ministry of Water Resources of P. R.
China for endorsement of my trip to
Sweden and Vietnam on Oct. 2005
and Apr. 2006 respectively.

I would like to thank Mr.
Anders Lindeen, Principal Course
Advisor of the Training Programme,
Professor Cheng Xialei, Deputy Di-
rector of HRC and Professor Zhu
Xiaozhang, Honorary Director of
HRC and for their comments on my
primary version of this paper.

References:

[1] Proceedings of Manage-
ment of Hydro Power Development—
Advanced International Training
Programme, 18 Sep.-7 Oct., 2005,
Stockholm, Sweden.

[2] The Report of The World
Commission on Dams: Damsand De-
velopment—A New Framework for
Decision-Making, November 2000.

[3] International Hydropower
Association: IHA Sustainability
Guidelines, Feb. 2004.

[4] 1EA Technical Report: Envi-
ronmental comparison between hy-
dropower and other energy sources
for electricity generation, May 2000.

[5] Proceedings of United Na-
tions Symposium on Hydropower
and Sustainable Development, 27-29
Oct.,2004, Beijing, China.

[6] Small Hydro Power (in
Chinese), 2005 Total N0.121-126,
I|SSN 1007-7642.

[7] ESHA (European Small Hy-
dropower Association)( 2004):Blue
Age, Blue Energy for a Green
Europe, Strategic Study for the De-

velopment of Small Hydro power in
the European Union.

[8] Engineering Work Group of
the Thematic Network on Small
Hydropower: European Strategy
Document for Research, Techno-
logical Development and Demon-
stration in Small Hydropower (Oct.,
2004).

[9] Thematic Network on Small
Hydropower(TN SHP): Proposalsfor
a European Strategy of Research,
Development and Demonstration
(RD& D) for Renewable Energy from
Small Hydropower ( Oct., 2005).

[10] ESHA (European Small
Hydropower Association)
Secretariat: Current situation of smalll
hydropower in the EU-15 according
to ESHA' smembers. Brussals, March,
2004

[11] ESHA(European Small
Hydropower Association) Secretariat:
Report on small hydropower
statistics: General overview of the
last decade(1990-2001).Brussels,
2003.

[12] Small Hydroelectric
Plants—Guide to the Environmen-
tal Approach and Impact
Assessment. ENERGIE(2004).

[13] Bjorn Svensson: Weighing
up small hydro. International water
power & dam construction,2004(7),
3841

[14] Simon Taylor, Dr Drona
Upadhyay and Maria Laguna: Flow-
ing to the East—small hydro in de-
veloping countries. Renewable En-
ergy World, January-February 2006
(Volume9Number 1),126-131.

For further information, please
contact: Zhao Jianda, 122 Xueyuan
Road, Hangzhou, P.O.Box 1206,
310012, P.R.China

Email:jdzhao@hrcshp.org [ |

14 www.hrcshp.org

SHP News Summer 2006



SHP Development and Programme Worldwide

Climate Change in Scotland: Impact on Mini-Hydro

G.P.Harrison

(University of Edinburgh, United Kingdom)

ABSTRACT

UK Government targets for re-
newabl e energy and the new Renew-
able Obligations suggest a renewed
interest in mini-hydropower.
However, changesin climate and, in
particular precipitation, have been
shown to significantly alter the quan-
tity and distribution of river flows.
Furthermore, these changes have
been shown to impact on the pro-
duction and, consequently, the eco-
nomics of large hydropower
schemes. The literature highlights
that the sensitivity of roduction to
changesin climate increases signifi-
cantly as the amount of storage
declines. Given that run-of-river
mini-hydropower schemes have little
or no storage they may be particu-
larly vulnerable to the changes in
river flow quantity and distribution
that result from climate change. To
assess the threat, a simple software
model has been developed that en-
ables an examination of the sensi-
tivity of mini-hydro production and
economics to climate change. A pos-
sible low-head scheme located in the
Scottish Borders is used as a case
study. The impact of altered precipi-
tation and temperature on river
flows, production and project eco-
nomics are examined. Consideration
is also given to the potential and
desirability for making the project
more climatically robust.

INTRODUCTION

To assist the United Kingdom
(UK) to meet its obligations under the

Kyoto Protocol and further reducing
carbon dioxide (CO,) emissions by
20% by 2010, the Governments has
set targets for renewable energy
generation. Under the Renewables
Obligations (DTI, 2002; Scottish
Executive, 20028), electricity suppli-
ers must ensure that 10% of the en-
ergy they provide to consumersin
England and Wales (18% in Scotland)
is derived from renewabl e resources.
With existing large hydro explicitly
excluded and new build unlikely, the
energy must be generated from wind,
wave, biomass or small- or mini-hy-
dro plant. Production from these re-
sources will be accompanied by Re-
newable Obligation Certificates
(ROCs) which may be sold by gen-
erators to suppliers. The obligation
encourages renewabl e devel opments
as suppliersfailing to purchase suffi-
cient ROCswill beliable for buy-out
penalties. This revenue earned from
ROC sdles significantly improvesthe
economics of renewable resources
particularly for mature technologies
likehydro (Harrison, 2005).

While the 2010 renewables tar-
get is quite modest, the targets for
later years are expected to be more
significant: the UK has aspirations
for 20% of demand by 2020 while the
Scottish Executive is currently pro-
posing a target of 40% (Scottish
Executive, 2002b). Such targets will
require the exploitation of much of the
UK’s renewable potential. In
Scotland, the unconstrained poten-
tial has been estimated at around 59
GW of which some 300 MW issmall

hydro potential capable of produc-
ing energy at less than 7p/kWh
(Garrad Hassan, 2001). Although
many of the better sites for small and
mini-hydro have already been devel-
oped and that other renewable tech-
nologies are or will become cheaper,
there is still scope for development
in Scotland and el sewhere.

While the Government’s re-
sponse to climate change may pro-
mote the development of small- and
mini-hydro, the effects of climate
change itself may not be in the best
interests of this technology.

CLIMATE CHANGE AND MINI-
HYDRO

A large and increasing body of
work has highlighted the potential for
predicted changesin climate and, in
particular precipitation, to signifi-
cantly alter the quantity and distri-
bution of river flows (e.g. Arnell,
1996). Furthermore, these changes
have been shown to impact on the
production and, consequently, the
economics of large hydropower
schemes (Harrison and Whittington,
2002). The literature also indicates
that the sensitivity of production to
changes in climate increases signifi-
cantly as the amount of storage
declines. By definition, run-of-river
(RoR) mini-hydropower schemes
havelittle or no storage. Furthermore,
they are designed from flow duration
curves where there is a trade-off be-
tween harvesting high flows and re-
maining operational during low flows.
Given that ingtallations have normally
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only one turbine, the capability of
mini-hydro to respond to changesin
flow distribution is rather limited.
These factors may lead mini-hydro-
power to be particularly vulnerable
to the changesin river flow quantity
and distribution that result from cli-
mate change.

The capacity and potential re-
turns from mini-hydro schemes
meansthat they have been largely ne-
glected by largescale devel opers and
their construction has been predomi-
nately undertaken by smaller compa-
nies or individuals. With often only
oneplant in their portfolio, thefailure
of that plant, either physically or in
terms of lower than expected revenue,
has the potential to create great hard-
ship or even insolvency for the
investors. Hence, the lack of signifi-
cant financia support makesthe con-
sequences of detrimental climate
change perhaps more severe for
smaller plant.

Despite the apparent sensitiv-
ity of mini-hydro to climate changeit
has largely been neglected in studies.
Thisis partly because analysis has
tended to concentrate on large-scale
hydro in regionally or nationally sig-
nificant river basins, presumably be-
cause impactswould initially appear
to have the greatest impact. It isalso
because, when compared to the out-
put of large-scale thermal and large
hydro plant, the contribution of
small-scale plant could be considered
negligible. With the general trend to-
wardssmaller, geographically distrib-
uted renewabl e generation the con-
tribution of small-scale plant will, in
the future, no longer be considered
negligible. As such it isimportant to
determine the scale of the changes
that global warming may bring and
their impact on mini-hydro. In carry-
ing out this exercise, particular atten-
tion has been given to the differing

needs and issues of small hydro
developments. The feasibility bud-
gets of mini-hydro schemes means
that extensive hydrological studies of
climate change is unlikely to be
possible. The aim hereisto examine
what may be achieved using tech-
niques and ideas available to all
would be mini-hydro developers.

SCOTTISH BORDERS CASE
STUDY

The potential mini-hydro
scheme chosen is at Ormiston Mill
on the River Teviot in the Scottish
Borders (Figure 1). The potential of
the site is identified in the Salford
(1989) study of UK small hydro
potential, which recommends a 240
kW machine operating on a 2m head
to produce around 1,200 MWh
annually. At present the weir has
been partialy removed (and lowered)
although some of the origina con-
struction is evident near the entrance
to the old mill lade which is aso ob-
scured and partially filled. The origi-

usesamonthly time step, in-linewith
the most readily available climate
data. The model consists of several
serially-connected components: a
catchment model that converts cli-
mate time-seriesto estimates of river
flows, and arun-of-river hydropower
model that provides estimates of
production, revenue and economic
performance. The model was driven
by athirty year time series of climatic
data covering the years 1961 to 1990
acquired fromthe Nationa River Flow
Archive at CEH Wallingford (NRFA,
2004). The datarequirementsinclude
precipitation and temperature to-
gether with several others required
for the calculation of potentia evapo-
transpiration (PET). The model per-
formswell although it has atendency
to overstate winter and spring flows.

The hydro scheme is modelled
inavery smplemanner with net head,
crossflow turbine efficiencies, river
flows and hence production assumed
to be constant over each period. Tur-

binemaximumandminimum

flow limitsare applied along

"“““—x_x_#_;'ﬁ Em Meinses  Withtherequirement to pro-
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Figure 1. Case study catchment

nal duice gates exist but arein apoor
state of repair.

The scheme is modelled in a
spreadsheet version of software de-
veloped by Harrison and Whittington
(2002) and has been smplified for use
with run-of-river hydro schemes. It

tenance cost is 3% of capi-
tal cost. Revenue is calcu-
lated on the basis of a flat
rate payment of £60/MWh
which includes both energy
and the ROC. The key
project performance param-
etersaregivenin Table 1.

Table 1. Key project parameters

Project Parameter Value
Catchment area 1,110 km?
Mean annual rainfall (1961-1990) 939mm
Mean flow (1961 to 1990) 19.8 m*/s
Mean monthly production 125 MWh
Payback period 7 years

Intenal Rate of Return(IRR) 12.9%
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CLIMATE SENSTIVITY

The simplest means of
analysing the effect of climate change
is to perform a sensitivity analysis.
Thisinvolves uniformly atering pre-
cipitation and temperature time series
across arange of changes and exam-
ining the outcomes for river flows,
production and financia performance.
Generdly, one would want thisrange
to encompass the extent of possible
changes in climate that may occur.
Onaglobal scaewe can expect atem-
perature rise of up to 5.8°C by the
end of the century (IPCC, 2001). More

locally, by 2080, thisarea of Scotland

may experienceannual meantempera-

turesthat are 2.5 to 3.0°C higher than

the 1961-1990 mean, whileannual pre-

cipitation may increase by around
20% (Hulmeet a, 2001). Assuch, in-
creasing mean monthly temperatures
by up to 4°C and altering precipita-
tion by up to 20% will giveanindica-
tion of how the Teviot catchment and
ahydro schemebuilt at Ormiston Mill
would respond to changesin climate
over this century.

As would be expected, in-
creased precipitation raises mean
river flowswhilst higher temperatures
tend to lower flows. The effect of
uniformly changing temperaturesis
limited to just over 0.6%/°C, while
changesin precipitation lead to flow
changes that are proportionately
greater than the incident change in
rainfall, an occurrence noted in many
climateimpact studies (Arnell, 1996).
A 20% rise in precipitation coupled
witha4°Criseintemperature (defined
as ‘wet’ conditions) delivers a 25%
increase in mean monthly flows. The
other extreme, that of a20% decrease
and the same warming (defined asthe
‘dry’ conditions) creates a 28% de-
crease in flows. Figure 2 shows the
variation of mean monthly river flow
with changes in temperature and

precipitation. The
contours show com-
binations of tempera-
ture and precipitation

and the resulting
changein flow.

The changes in |
river flowsimpact on i
production and, as
Figure 3 indicates,
production rises with
precipitation. While

changes
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Figure 2. Percentage change in river flows with uniform

in precipitation and temperature

the proportionate : T
changesaresmdllerin
magnitude than the
changes in river | f
flows, they are still f 1
significant: under dry {
conditions production ,
falls by almost 20% [ .
while under wet con- '
ditions rises by over
9%. The smaller
changes seen with in-
creasesinrainfall are

Figure 3. Mean

Fempeeaiwe Mo ("C)
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Precipitabon Change (%)

monthly production (MWh) with uniform

changes in precipitation and temperature

T T 4

due to the fact that T 7
proportionately
greater durations are
spent with the turbine
operating at maximum |
capacity. |

Revenue fol- | ,

= 13% -

Tamparaiun Riss ("C)

lows asimilar pattern
to production.
However, with the
relatively high capital
cogts, the Internd Rateof Return (IRR)
is very sensitive to changes in
precipitation, particularly reductions,
asthe tighter packed contoursin the
left hand side of Figure 4 indicate.
Again for illustration, dry and wet
conditionsresult in IRR changes of —
29% and 13%, respectively.

The key benefit of this ap-
proach isthat it enables the identifi-
cation of the project’scritical climate
variables, i.e. the combination of val-

Figure 4. IRR

Precipitation Change (%)
(%) with uniform changes in precipitation
and temperature

ues of precipitation and temperature
that result in the project becoming
marginal in terms of its economic
viability. Clearly, thisis dependent
on investor preferences and their
minimum return requirements: the
lower the minimum expected return
the greater the margin of safety. As
anexample, thisisassumed to be 10%
with the critical climate values being
those that deliver this IRR; the 10%
contour line in Figure 4 shows such
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values. By inspection it is apparent
that as temperatures rise, the toler-
able decrease in precipitation is
educed: with no temperature rise the
scheme can tolerate around an 18%
reduction in rainfall but with 4°Crise
the margin is reduced to just over
15%.

CLIMATE MODEL SCENARIOS

One of the key projectionsfrom
climate modelsis that there will be
significant seasonal differencesin
warming and precipitation changes.
The uniform changes used earlier do
not take these subtletiesinto account.
For the UK there appearsto beagen-
eral trend towards wetter winters and
drier summers(UK CIP, 2002), exacer-
bating current seasonal differences.
Toillustrate these effects, projections
from the UK’s Hadley Centre Re-
gional Model have been used. Al-
though driven by a larger-scale
model, the Regional model operates
ona50km grid, providing afar higher
resolution representation of current
and future climates than the global
climate models. Figures 5 and 6 show
the annual, winter and summer
changes in temperature and
precipitation, respectively, expected
by the 2020s assuming a scenario of
continuing high levelsof carbon emis-
sions Within some of the diagrams
there are portions of land that are
coloured white within which the ex-
pected changes fall within the natu-
ral variability of the climate. All other
shades indicate changes that are out-
side these limits and represent statis-
tically significant changes in
behaviour.

In Figure 5 it can be seen that
for themajority of the UK and Ireland
—including the area surrounding our
case study — the annual warming is
between 0.5to 1°C. For thevery south
of England and the Continent the

Figure 5. Annual and seasonal temperature change in the UK

by 2020, adapted from UKCIP (2002)
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Figure 6. Annual and seasonal precipitation change in the UK

by 2020, adapted from UKCIP (2002)

warming is half a degree higher still.
In winter the warming is less pro-
nounced but in the summer it is clear
that a far larger part of the country
will experience higher temperatures,
abeit that the case study is fraction-
aly too far to the north tofall into this
zone.

Figure 6 shows that on an an-
nual basis, there are decreasesin pre-
cipitation of up to 10% over asignifi-
cant fraction of the UK, particularly
in the south and east. For much of
the rest, there will be changes al-
though these are not expected to be
outside the range of the natural
climate. The difference between win-
ter and summer changes is
remarkable. Winter rainfall isexpected
toincrease by 10-15% for most of the
UK (apart from western Scotland),
with dightly larger increasesin some
partsof eastern Scotland. Summer will
see adrying trend, with all but the
west and north of Scotland seeing
reductionsin rainfall of between 10
and 20% and most of the remainder

experiencing about half the level of
change. In each of the projections
the case study area is shown to ex-
perience significant seasonal and
annual changes in precipitation.

Hydro schemes built towards
the 2010 and particular the 2020 tar-
getswill increasingly experienceacli-
mate closer to that of 2020 than the
climate experienced over thelater de-
cades of the 20th century.
Economically, the major issue is
whether the scheme has repaid its
debts. Plant built in the 1990s will
likely have repaid its loans and so
the risks of reduction in income
through changesin climate will have
aless significant effect. However,
those commissioned towards 2010
and after would likely till be servic-
ing debt.

Ideally, the way to assess fu-
ture changes would be to take the
time series output of many climate
models and form a decision tree on
the basis of the projected financial
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indicators. In this relatively simple
example, the aim is to illustrate the
effect of non-uniform changesin pre-
cipitation and temperature, rather than
provide an exhaustive analysis. We
can get a feel for the impact the
changes projected for 2020 would
have by re-running the spreadsheet
model using the historic climate data
and perturbing it using the forecast
changes.

Table 2 showsthe projected pre-
cipitation and temperature changes
for theareain thevicinity of Ormiston
Mill. The seasonal differences are
clear and these have an effect on sea-
sonal flow. While annual changesare
relatively small, thereisaclear in-
crease in winter flows and an even
greater decrease in summer flows. In
production terms, the turbine capac-
ity limit meansthat virtually no addi-
tional power is produced during the
winter relative to current conditions.
However, the significant drops in
summer flows mean that the scheme
isidlefor more of the season and con-
sequently production drops by over
afifth. Fortunately, the larger poten-
tia in winter means that annual pro-
duction is impacted to a lesser de-
gree although the drop is still
appreciable. Financially, theimpact of
these conditions would be modest,
reducing IRR by around 0.8 percent-
age points, well within the margin of
safety.

changesin climate (Table 1) suggests
that the earlier results underestimate
the potential change. The annual
changesin precipitation and tempera-
ture imply that production and IRR
would decrease by about half that
projected by the climate model
scenario. Thisreinforcesthe ideathat
itispreferableto use climate scenario
datawhere available.

ADAPTATION

Theissue of adapting to climate
change is a common theme across
many vulnerable sectors. In the con-
text of minihydro, what scope exists
for adapting schemes to potentially
altered river flow regimes by altering
a project at the design stage or by
retrofit at alater date? Adaptation at
ariver basin scale has been examined
to some extent in Reibsame et al.
(1995) which dealt with the manage-
ment of climate impacts in the
Zambezi. At the plant level, Weyman
and Bruneau (1991) found that the
least cost optimal design of alarge
hydro scheme in Quebec, Canada al-
tered with climate change, as changes
in river flows increased the marginal
costs of the scheme and reduced the
firm energy production. Varioustech-
nical means have been suggested for
reducing the impact of changesin
flows on water supply and hydro
production. Theseincludeincreasing
reservoir storage (Cole et al., 1991)

Table 2. Projected changes in climate and implied changes in river flow and production

Projected change Annual
Temperature +0.84°C
Precipitation -1.84%
Monthly river flows -1.73%
Mean production —4.86%

Winter Summer
+0.57°C +0.98°C
+4.84% -9.45%

+4.51% -13.74%

+0.02% —21.27%

A rapid comparison with the
earlier resultsfrom applying uniform

which impliesraising dam height, in-
creasing turbine efficienciesand low-

ering intakes to increase active stor-
age (Reibsameet al., 1995). Thereare,
however, fewer options available for
smdller, particularly low head, run-of-
river schemes as:

thereis no storage to speak of,

- thelow head limits the possibility
of using aternative turbine types,

future efficiency gains on
crossflow turbines may be
difficult, and

- increasing the weir height to raise
the head would be costly and po-
tentially environmentally
unacceptable.

Assuch, the only real optionis
to vary the turbine capacity.

In this case and given that this
climate model forecastsincreased and
morevariableflows, anincreaseinthe
turbine capacity would enhance cap-
ture of the winter flows, albeit at the
expense of raising the minimum flow
reguirements and reducing summer
capture further. The selection of op-
timal turbine size is a standard com-
ponent of small hydro planning and
therefore consideration of thisin the
context of climate change is fairly
similar. Inthis case, an additiona in-
centive may be that winter-time pro-
duction is more valuable. Hence, the
ability to capture greater volumes of
winter flows could be relatively ben-
eficial although the cost implications
of alarger turbine and potentially
larger penstock would need to be
considered. The question remains
however, should a developer make
decisions on the basis of a ‘poten-
tial’ change? Unfortunately, the
framework for answering this ques-
tion israther complex and a demon-
stration of it is beyond the scope of
this paper.

CONCLUSON

While the literature contains
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examples of climate impacts on the
production and economics of larger
schemes, little or no consideration
has been given to the impact on
smaller hydro, despite the fact that
thelack of storage makes smaller hy-
dro potentially more vulnerable to
changesin river flows. Two example
analyses have been applied to a po-
tentia mini-hydro schemein the Scot-
tish Borders; one asimple sensitivity
study is useful for preliminary stud-
ies and identifying the tolerable
change. Its failure to represent sea-
sonal changesin climate meansit may
understate the potential changes al-
though the application of change sce-
narios based on the output of global
and preferably regional climate mod-
elsgoessomeway to adleviating these
difficulties. The need to consider
multiple scenarios to cover the un-
certainty inherent in climate impact
assessments makes analysis and con-
sideration of adaptation measures
rather complex.
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Vietnam continuesmini hydrodrive

Song Lam Construction and
Investment, a privately owned Viet-
namese company, is planning to de-
velop two hydro plants with the com-
bined capacity of 16.4MW in the
northwestern province of Son La,
state media reports.

The developments, at a cost of
US$20M, arethe 7.5MW Nam Chim

2 plant and the 8.9MW Nam Chim 3.
A schedule has not been disclosed.

In addition, Hoa Long
Company, another privately-owned
enterprise, is set to develop the 1.
9MW Dod 3 hydro plant in the cen-
tral highlands provinces of M,Drak
district.

In related news, Petrovietnam

Finance Company has signed a
US$25M finance agreement with the
Song Da Corporation for the devel-
opment of the Nam Chien hydro
station, also in Son La province.

(Source: 26 May 2006 IWP& DC)
[ |
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Land Use Pattern for Piluwkhola Small Hydropower Project

KUBER Mani

(Arun Valley Hydropower Development Company, GPO Box 11039, Kathmandu, Nepal)

Abstract

Piluwkhola Small Hydropower
Project (3000 kW), developed by
private entrepreneurs, islocated in
the Eastern part of Nepal and liesin
a tropical region between latitude
27°15'53" and 27°17'8"N, and lon-
gitude 87°19'29" and 87°20'51"E.
The project was built within a pe-
riod of 30 months. Nepali experts
built the civil and metal works of the
project; the electro mechanical ma-
chinery wasimported from Germany.
The unique features of the project are
its 3487 m long steel penstock pipe
from the forebay to the powerhouse
and the fact that all hardrock was
chiseled by hand. No blasting was
used for the total alignment of 3.5
km.

Initially, a total of 4.99 haland
was estimated to be used for the
project whereas 5.92 ha land was
used finally. Of the total land used
2.63 ha (44.4%) is government land
and 3.29 ha (55.6%) is private cul-
tivated land. Private land was ob-
tained by mutual agreement with the
landowners. The land was
categorised under different forms of
payment. The government land was
obtained on a lease for 40 yearsfrom
the government at a payment of roy-
alty with increased at the rate 10%
each year for thelease period. Of the
total land used, 23% was occupied
by the permanent structures while
the rest is used for access road,
greenery, etc. The access road, also
a vital link road to the villagers,

passes along the penstock alignment
aswell asaboveit.

Of the total land excavated,
65% is soft soil and the remaining
35% is hard rock. Soft soil was ex-
cavated manually and with an
excavator, while all hard rock was
excavated manually using “ ghan”
and “ chino” , a primitive technology.
Excavated soil was dumped along
the alignment and reused for back-
filling and access road
embankments. Sopes above and be-
low the alignment are protected by
providing gabion wall and stone
masonry walls as well as by bioengi-
neering practices. The project tried
its best to minimize the use of land,
which isone of theindicatorsto make
the project environmental friendly.

BACKGROUND

The Piluwakhola Small Hydro-
power Project, located in the eastern
part of Nepal, has an installed capac-
ity of 3 MW, and was planned and
developed by local private entrepre-
neur of Nepal. The project isan im-
portant outcome of the liberal policy
of the government of Nepal. His
Majesty’s Government of Nepal
adopted the liberal policy in 1992,
encouraging the private investors for
the development of hydropower
schemes. Before, the government
body, Nepal Electricity Authority was
the only authorized organization to
develop, transmit and distribute the
electricity for projectsgrester than 100
KW.

The construction of
Piluwakhola Project is a successful
story of a hydropower project by a
private entrepreneur in the history of
Nepal. It is aso the cheapest project
in Nepal. Initiation of the project was
started on May, 1998 whereasit came
into real construction on April, 2001.
The construction work of the project
was completed in 30 months. Local
finance and human resources were
used toimplement thisproject. It came
into commercial operation on 18
September, 2003.

PROJECT LOCATION

The project islocated in the mid
hills of Sankhuwasabha district of
Nepa that liesin the tropical region.
The district is the richest place for
natural beauty and resources. Mount
Makalu (8463 m), Makalu Barun Con-
servation Area, Rhododendron Con-
servationArea, Arun River Valley and
the World's deepest Arun Valley are
located in this district.

The project lies between
27°15'53" E to 27°17' 8" E, and
87°1929" N to 87°20'51"N. Thisisa7
hours walk from the STOL airport
Tumlingtar in the samedistrict. A dry
season road passes through the pow-
erhouse site of the project. The pow-
erhouse of the project is 140 km away
from the East-West Highway. Of the
total approach road length, 80 kmroad
isblacktopped, 24 kmisgraveled road
and 36 km is an earthen seasonal road
that opens only for six months, while
during the rest of the year, the road
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will have big pits and some parts of
the road will have washed away.

PROJECT FEATURES

It isarun-of-river type project.
A 16 mlong diversion weir acrossthe
river was built to divert water into the
intake. Intake and flushing gateswere
constructed for regulating the flow
of water. A double Dufour chambered
type desilting basinswith dimensions
47.5mx 5.6 mx 6 meachisused for
settling sand and suspended
particles. A smal forebay pondiscon-
structed just behind the desilting
basin. Fromtheforebay, a3487 mlong
headrace penstock pipe with adiam-
eter ranging from 1620 mmto 1320mm
brings the water to the powerhouse.
The penstock pipe was welded and
supported by saddle supports and
anchor blocks at every bend. The
penstock pipe lies above ground as
well as under ground. The mild steel
penstock pipeis painted at inner and
outer surface. It ends at the butterfly
valve of the powerhouse. Two sets
of generators and turbines, with all
accessories are installed in the
powerhouse. The electricity gener-
ated from the powerhouse is trans-
mitted through a 33 kV transmission
line and is synchronized into the na-
tional grid at the substation located
540 m away from the powerhouse.

CONSTRUCTION WORK

Most of the construction work
was fulfilled by manual process and
took 30 months to complete. Eight
hundred people worked during the
peak construction period. Two exca
vators were mobilized for excavation
and site clearance. Two tractors were
used for transportation of penstock
pipe. A temporary workshop was built
a the project site for the metal works.
Sted platesrolling, welding, and con-
structing of 3 m long units of pen-
stock pipe was done here. The rust

of the penstock pipes was removed
by acid bath. Electricity wasavailable
throughout the alignment for welding,
and a 250k VA diesel generator was
installed for backup power.

LAND CLASSIFICATION

On the basis of ownership, the
land of the project area was of two
types: private and government land.
The private land has four categories
—abbal, doyam, sim and char on the
basis of productivity of crops. This
is atraditional governmental land
classification. The land having the
highest productivity and irrigation
facility is referred as abbal and the
land having the least productivity is
referred as char.Similarly, land with
intermediate productivity is referred
as doyam and sim. The government
land used by the project was ditches,
bushy land and forestland. The for-
estland is covered by tropical and
subtropical flora and is managed by
community forest user groups.

LAND OBTAINING PROCESS

The government land covered
by forest was obtained from the De-
partment of Forest on lease agree-
ment for forty years. Thereis afixed
rate of lease for the first year and a
10% annual increment on the first
year’s rate throughout the lease
period. The project paid for the loss
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of treesto the community forest user
groups. Private land required for the
Project was acquired from the local
community by registration pass. The
rate of private land was fixed through
the discussion with the landowner
and the local community on the basis
of land type - abbal, doyam, smand
char. A mutual understanding was
made between the community and the
project. Lands for temporary uses
were obtained by the mutual agree-
ment with theindividual landowners.

LAND USED BY THE PROJECT

The developer obtained terrain
land in the project areafor permanent
aswell astemporary uses. The land
for the construction of labour camp
houses, sheds and construction ma-
terials preparation was for temporary
use and it was obtained on lease ba-
sically during the construction
period. The land that has been used
for the construction of permanent
project structures, access roads, and
office cum staff quarters was of per-
manent use.

Initially, atotal of 4.99 haland
was estimated for the scheme
whereas5.92 haland was used findly.
Of thetotal land used 2.63 hais gov-
ernment land and 3.29 hais private
land. The private land comprisesirri-
gated land, upland with no irrigation
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Fig. 1 Permanently Land Used by the Project Structures ( %)
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facility and forestland. A 10 m wide
landstrip was obtained for the con-
struction of the penstock alignment
and access road throughout the
project length. Of the total land ob-
tained by the project, only 1.25 ha
(21.04%) land has been permanently
occupied by structures. Of the re-
maining land the major part of land
has been occupied by the access road
through out the alignment and are-
maining small portion of land is used
for vegetable farming, plantation and
construction materials collections.
Permanent land occupied by the dif-
ferent project structuresis shown in
Figurel.

LAND EXCAVATION AND
PROTECTION

Excavation was needed by the
project for the clearance of the pen-
stock alignment, construction of ac-
cess roads, saddle supports, anchor
blocks, desilting basin, the power-
house and for collection of construc-
tion materials. In a 3.5 km stretch of
alignment, 65,290 m® land has been
excavated. Of thetotal land excavated
65% is soft soil and 35% is hard rock.
The quantity of excavation at differ-
ent placesis shownin Figure 2. The
soft soil was excavated manually and
by excavator while hard rock was ex-

cavated by
chiseling. The soil
excavated at the
penstock alignment
was reused for back
filling into the
alignment, for the
embankments of ac-
cessroadswhilethe
soil excavated at the
headwork and pow-
erhouse was used
for river protection.
The unstable sec-

tions of the alignment are protected
by the gabion and stone masonry
wallsabove and below the alignment.
Also, shrubby type local vegetation
that help to anchor the soil were
planted at unstable area. Of the total
penstock alignment 34.7% is buried
and the remaining 65.3% lies above
ground.

CHISELING

An amazing feature of the
project is the breaking of hard rocks
throughout the alignment, accom-
plished by Chiseling, a primitive
technology. During Chiseling ghan
(Hammer) and chino (Blade) were
used. Of thetotal excavated soil, 35%
of the hard rock was broken by hands.
No explosives were used.
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Fig. 2 : Land Excavated at Different Sites

Fig. 3: Chiseling of Hard rock at Piluwakhola Project

CONCLUSON

The Piluwakhola Small Hydro-
power developer has acquired the
cropland and forestland to build the
project. The price of the land was
agreed upon by mutual understand-
ing between the two parties, which
is one of the positive indicators of
this endeavor. There was less exca-
vation of land as compared to an
open headrace canal for water con-
veyance system. Similarly, the width
of the penstock alignment was taken
so economically that there was less
acquisition of valuable land. The ex-
cavation of hard rock by chiseling
was a great achievement of the
project. The above shows that this
project was build with very little en-
vironmental damage.
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HRC's expert attended project appraisal of “ Management of Hydro

Power Development 2005, Part Il ”in Viethnam

At the invitation of SwedPower
International, Sweden, HRC' s expert,
Mr. Jianda Zhao attended the Part |1
of the Training Programme —*Man-
agement of Hydro Power Develop-
ment 2005"- in Vietnam (from April 1
to 8). The mission was totally spon-
sored by SIDA.

24 participants from Asia,
Middle East and Eastern Europe at-
tended the programme. During the
mission, the organizer arranged a se-
ries of international academic ex-
changesand visit to Ho Chi Minh and
Hanoi. The participants also visited
Hoa Binh hydropower station (the
biggest one with total installed ca-
pacity of 1920MW at present in

Vietnam) and Tri An hydropower
station, with installed capacity
400MW. Swedish embassy in Viet-
nam hosted all international partici-
pants in the embassy.

According to requirement of the
Seminar, areport submitted by Mr.
Zhao was appraised by Swedish ex-
perts and other international
participants. The report was highly
affirmed and estimated by the
organizer.

Using the opportunity of thisin-
ternational activities, HRC's expert
briefed the achievementsin China’'s
hydropower development particularly
the rural hydropower and electrifica-
tion aswell as HRC. Meanwhile, Mr.

Zhao explored the hydropower coop-
eration with officialsfrom Ministry of
Energy of Albanian and reached an
agreement of electric equipment sup-
ply for 4 hydropower sites by HRC.
He brought back some related data
of the 4 hydropower sites. The fol-
low-up work will hopefully stimulate
the economic cooperation.

Visited in Hoa Bin hydropower
plant in Vietnam

Cover: Water intake of Tri An hydropower plant, Vietnam

The Tri An hydropower plant,
with an installed capacity of 400MW
and 1.7 Twh/year generation is lo-
cated onthe Dong Nal river at 65 km
from Ho Chi Minh City,in the North-
East direction.

This hydropower plant serves
as a prime force in enhancing the

Machine hall

socio-economic development of the
Southern Vietnam. The main function
of Tri Anisenergy production for the
country. In addition, it also provides
irrigation water to Dong Nai,Song Be
provinces and Ho Chi Minh City and
contributes in driving back seawater
penetration.

Visited in Tri An hydropower plant(The
third to right: Mr.Le Quy Anh Tuan,
Operation Manager of the plant)

The project was completed in
1991, after 7 years construction with
full support of the Government of
Vietnam,effective cooperation of the
USSR(former) and the meaningful
contribution of the people in the
Southern provinces and cities.
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D

Tail water of the powerhouse

General view of powerhouse and 220kV
switchyard(on the upstream side) [ |
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