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BACKGROUND
 

In 1988 and 1989, the American Wind Energy Association held Wind
 
Energy Application and Training Symposia (WEATS) in conjunction

with the association's annual Windpower conference. Similarly,
 
energy policy-makers from developing nations were invited to the
 
United States to learn about the achievements and applications of
 
the U.S. wind energy industry through presentations and field
 
trips.
 

Suggestions for improvement from participants and industry members
 
as a result of both symposia were incorporated into the planning

for the 1990 event. The most notable change was the inclusion of
 
a field visit to view wind-generated water-pumping applications at
 
the USDA Agricultural Research Center in Amarillo, TX.
 

ACCOMPLISHMENTS
 

Sixteen representatives from 11 developing nations participated in
 
the 1990 WEATS program held in San Francisco, CA, Amarillo, TX and
 
Washington, DC from September 19 through 28, 1990. 
 The symposium

agenda and participant list are attached (Attachment A and B).
 

Consistent with previous symposia,' the format included classroom
style training and field trip experiences to acquaint the
 
participants with history progress of wind
the and energy

development in the U.S., technologically and economically. The
 
speakers were drawn from the U.S. wind industry, federal and state
 
government agencies, and private investment industry.
 

The field trip experiences for viewing large and small system

applications continues to be the highlight of the training program.

Seeing actual applications of the technology offers a realistic
 
picture of wind energy's ability to meet various energy needs. It
 
clarifies and changes perceptions which may not be accurate.
 

Brief presentations about wind energy development in all the
 
countries represented were made by the participants. Several
 
reports were prepared and presented along with slides for further
 
explanation. The one-on-one symposium wrap-up session on the last
 
day continues to be a good method of discovering what can be the
 
next step in working with each country to development their wind
 
energy potential. It encourages personal relationships between
 
industry members and the country representatives which can be built
 
upon in further contacts. The information about each country was
 
gained from both these activities and from questionnaires that each
 
participant was asked to complete.
 

This year's WEATS program contained several new components. As
 
previously mentioned, the field visit and demonstration of
 
mecha.,ical and electric wind-generated water-pumping applications
 
was added. In many developing nations, the need for water for
 
drinking and irrigation make this particular application most
 
attractive. Along with the windfarm demonstration visit, it gives
 



a fuller view of potential wind energy applications. Some
 
participants found windfarms most interesting, some water-pumping.

In general, everyone found the WEATS program to be beneficial in
 
some way.
 

On the last day, two panel discussions were added to the program

this year. The panel on U.S. financial assistance programs

included speakers from the Dept. of Energy, the Agency for
 
International Development, the Trade and Development Program and
 
the Export-Import Bank. The second panel titled "Creating a
 
Successful Project" included speakers from the Dept. of Commerce,

the World Bank, the private investment community, and the wind
 
industry.
 

The intention was to bring together various experts involved in
 
fund and managing worldwide energy projects to help answer
 
questions and explain the processes that lead to success. Many

questions were fielded by the panel members and it appears that the
 
information was helpful to the participants.
 

EVALUATION
 

The format for the WEATS program developed over three years has
 
proven to be effective. Field visits to both large and small
 
applications were effective and should remain in the schedule, if
 
possible logistically.
 

From the comments offered on the participants' questionnaires, it
 
is clear that more time needs to be allotted for the program

itself. The topics of design, performance, and economic evaluation
 
need to be covered in greater depth.
 

Four of the 11 countries had been represented at previous WEATS
 
programs. Concentrating on a smaller number of repeat countries
 
with high potential for wind energy development for the next year

nurtures relationships that hopefully translate into tangible sales
 
results. Potential guests for next year's symposium will be drawn
 
from nominations of past participants.
 

RECOMMENDATIONS
 

1) Lengthen the program to four full days of topic presentations

interspersed with the field visit experiences. An agenda that is
 
too full lessens the impact the material presented.
 

2) When making invitations, concentrate on the same countries that
 
have been represented before. This encourages a continued
 
relationship that can translate into more tangible sales results in
 
time.
 

3) Give greater attention in the agenda to the topics of design,

performance, and economic evaluation of the technology.
 



PROSPECTS FOR WIND ENERGY DEVELOPMENT IN PARTICIPATING COUNTRIES
 

CAPE VERDE
 

Participant: 	 Jose Pedro B. Duarte Fonseca
 
Instituto Nac. de Investig. Technologica
 
CP 185 Praia, Santiago
 
Rep. of Cape Verde, WEST AFRICA
 

Cape Verde, a small island nation off the coast of West Africa, has
 
strategic significance for shipping and air travel between Africa
 
and other continents. Cape Verde just signed an agreement with
 
U.S. Agency for International Development to act as an intermediate
 
stop between U.S. and Africa. Cape Verde also receives donor aid
 
from many other countries. DANIDA, the Danish aid agency, has
 
provided financing for wind development in coordination with RISO,

the national wind energy laboratory of Denmark. Currently they

have one Bonus wind turbine in a wind/diesel application and four
 
Vestas 55 kW machines in addition to a 10 kW Aeroman. DANIDA plans
 
to invest in 30 units in 1991.
 

Wind resource data is available and appears to be very good.

Currently 2% of the nation's 9 MW capacity is generated by wind.
 
Solar represents 0.5% and the remaining comes from conventional
 
sources. Only 80% of the population is grid-connected. Water
pumping and desalinization plants are high priority applications
 
for wind technology.
 

Cape Verde is environmentally conscious and aims to meet as much of
 
its demand as possible from renewable energy sources. In addition,

its close ties to West Africa make it a good stepping stone to the
 
huge African market.
 

Mr. Fonseca, in the U.S. for graduate study, will be returning

after a year. Until he returns, contact should be made with Eng.

Pedro Alcantara Silva, Director of the Centro de Energias

Renovaveis (CER), Instituto Nacional de Investigacao Tecnologica.
 

Other key people responsible for the development of wind energy in
 
Cape Verde are:
 

Dr. Adnan Rocha, Minister of Industry and Energy (MJE)

Dr. Jose Brito, Minster of Planning and Cooperation (MPC)

Dr. Joao P. Silva, Minister of Rural Development (MDRP)
 

Contact should be made with each of the ministries listed above to
 
begin an information exchange and development of potential

projects. U.S. Agency for International Development is an
 
important link in the process of developing future wind projects.
 



CHILE
 

Participant: 	 Ernesto Tironi
 
General Manager
 
Corporacion de Fomento de la Produccion (CORFO)
 
Moneda 921, Oficina 814
 
Santiago, CHILE
 

Mr. Tironi represents CORFO, a holding company of electric
 
utilities, charged with research and development. In Chile 20% of
 
the electricity is generated by public utilities, 80% is by private
 
companies.
 

Chile is a long narrow country that runs for 3000 miles along the
 
western border of South America between the Andes mountains and the
 
Pacific. Eighty percent of the population lives in the central
 
region. The population, and therefore the utility grid, is more
 
dispersed in the north and south.
 

Not much wind energy development has occurred to date but there are
 
definite prospects (see Attachment C). Chile's 16 Billion kilowatt
 
hours of annual consumption is met primarily by hydropower in the
 
central region; by coal, heavy oil and diesel in the northern
 
region; and by diesel and natural gas in the southern region.
 
Total capacity in all regions is 3,800 MW.
 

A comprehensive wind measurement program is needed but some
 
initialAA+AU(5-A
 
been collected and evaluated by various Chilean universities.
 

The findings have led to the selection of several areas and
 
applications for wind energy development.
 

The highest potential for large wind system development is found in
 
the northern region near Chuquicamata. This high plateau is the
 
site of an energy-intensive copper mining operation. The mining

companies located at the end of the grid are high energy consumers
 
with the money and infrastructure to support a wind project. The
 
University of Chile has measured annual wind averages of 8.5 m/s

for 10 hrs/day in this region. Current generation by coal, heavy

oil and diesel costs approximately 5.9 cents/kWh. The nearby city

of Arica (7.5 cents/kWh) could utilize wind-generated electricity.
 

A second potential location is Easter Island which lies quite a
 
distance from the mainland of Chile. It has a small population but
 
the high cost of diesel-generated electricity (10 cents/kWh) and
 
the winds averaging 6 m/s for 6 hrs/day make it a good location for
 
wind integrated in a diesel mini-grid as a fuel saver.
 

Small scale wind systems have potential to electrify the over
 
200,000 rural villages that are not connected to the grid. The
 
wind resource has not been widely studied and therefore specific

sites are not identified. In many of these villages, water-pumping

for irrigation 	would benefit their expanding fruit exports.
 



Along the 3000 mile coast of Chile there are numerous fisheries
 
that require power for refrigeration. The southern region around
 
Punta Arenas appears to have good wind to meet this need.
 

Important in establishing the political will for the use of wind
 
energy in Chile will be a wind measurement program. Seed money

from the U.S. to support a such an assessment program is needed.
 
Mr. Tironi expressed an interest in developing joint ventures and
 
licensing agreements with U.S. companies. He indicated that
 
sufficient capital could be raise in-country to fund a project that
 
determined to be economically feasible.
 

Chile is a key prospect country and may be worth utilizing Trade
 
and Development Program funding to do a definitional mission as a
 
preliminary step to funding a feasibility study.
 

An additional contact is Pedro Goic, Director, Centre de
 
Informacion de Recursos Naturales, Manuel Montt 1164, 223 6641
 
Santiago.
 



COSTA RICA
 

Participants: Jorge Valverde
 
Chief, Special Studies
 
Instituto Costarricense De Electricidad (ICE)

Saban Piso 6, Apartado 10032-1000
 
San Jose, COSTA RICA
 

Enrique Morales
 
Engineer, Special Studies
 
Instituto Costarricense De Electricidad (ICE)

Sabana Piso 6, Apartado 10032-1000
 
San Jose, COSTA RICA
 

Costa Rica has 
an installed capacity of 866 MW. Eighty-four

percent is generated from hydropower at the cost of 5 cents/kWh and
 
16% from thermoelectric plants. Historically, demand has
 
increased by 7% per year. (See Attachment D)
 

In May 1989, the Costa Rican government issued an Executive Decree
 
allowing private power generation. A law to legalize private power

production was further enacted by the legislature in 1990 and the
 
power purchase agreement is now being negotiated.
 

Currently, ICE has an 
agreement with the California Energy

Commission to provide assistance on a wind 
resource monitoring

program for the purpose of large-scale wind development. The CEC

selected Tejona as the best site of several potential sites. U.S.
 
Windpower Company is the meteorological contractor for collection
 
and analysis of the data. The measurement began January 1990 and
 
is ongoing. The potential for a large-scale windfarm project as an
 
outcome of this program is strong.
 

A rural electrification plan exists but does not appear to hold a

high priority within the government. Nevertheless, some potential

exists for small dispersed power systems in the rural areas since
 
only 60% of the population has electricity but funding for them is
 
a potential barrier.
 

q
 



INDIA
 

Participants: N. M. Patel
 
Additional Engineer
 
Gujarat Electricity Board
 
Vidyut Bhavan, Race Course
 
Baroda, INDIA 390007
 

N. K. Singh
 
Research and Development
 
Bharat Heavy Electricals, Ltd.
 
Vikasnagar
 
Hyderabad, INDIA 500593
 

S. S. Thakur
 
Executive Engineer

Himachal Pradesh State Electricity Board
 
Vidyut Bhawan, Shimla, INDIA 171004
 

Since 1960, the electricity demand in India has been out pacing the
 
increase in capacity, creating a shortfall in meeting the 50,000 MW
 
demand currently. The government of India's response has been to
 
establish a goal of 2000 MW of wind energy by the year 2000.
 

An extensive wind mapping program by the Dept. of New Energy

Sources (DNES) identified the most prospective areas as Gujarat in
 
the West, Tamil Nadu in the Southeast and Himachal Pradesh in the
 
North.
 

With several years of Danish grants from DANIDA, India now has 37
 
MW of wind energy installed; 16 MW are in Gujarat. Consisting of

55 kw to 100 kW, these machines have been partially manufactured in
 
India through licensing agreements. The first prototypes were
 
installed in May 1988. Now the program is moving toward larger

systems. Both 150 and 200 kW prototype machines are expected to be
 
ready by March 1991.
 

A recently enacted government policy for purchase of private power

gives some incentive to private power producers through a complex

system of "banking" energy credits. Nevertheless, the major point

of control of wind development remains with DNES and to a lesser
 
degree with the regional energy boards.
 

More than any other country represented, the Indian guests

exhibited a good understanding of the technology and a desire to
 
learn about design and integration details which go beyond the
 
content of the WEATS program.
 



INDONESIA
 

Participant: 	 Dr. Lolo M. Panggabean
 
Head of Laboratory
 
UPT-LSDE/BPP Teknologi
 
J. Thamrin, No. 8
 
Jakarta, INDONESIA
 

Indonesia is poised to take off economically. The country is rich
 
in oil, gas and coal, but the problem is in transforming theses
 
resources into 	energy. Most of the oil is exported to meet foreign

exchange needs. Previous energy demand was met by oil and hydro,

but most recently coal-fired plants are being built.
 

Perusahaan Umum Listik Negara (PLN), the state-owned utility, with
 
a generating capacity of 8,000 MW, provides electricity to only 30%
 
of the population. Another 8,000 MW generated by captive power is
 
encourage by PLN. To meet demand growing at 16% annually,

Indonesia will need to add 2000 MW annually to the end of the
 
decade. To make things worse, PLN's tariffs do cover
not its
 
costs. The head of systems planning at PLN, Nengah Sadja, stated
 
in the Far East Business Review, "I don't think there will ever be
 
private investment jn the power sector."
 

Dr. Panggabean has been charged by the Minister of Energy Habibi
 
with delivering a report on the potential of wind technology, 10 kW
 
and 100 kW sizes, to contribute to Indonesia energy needs. His
 
comments at the WEATS program indicate his surprise at the maturity

of the technology. Nevertheless, the future of wind development at
 
this time lies with Minister Habibi and his decision after
 
receiving Dr. Panggabean's report.
 

The only current activity with wind is the testing of a 20 kW
 
Aeroman turbine funded by the Germany. Performance results are
 
said to look good.
 

The need to electrify many remote islands particularly in the
 
eastern regions is part of the government development initiatives.
 
The government has concluded that small scale PV would be cost
effective for household electricity needs. The lack of existing

wind speed data is a limitation to promoting wind as another
 
solution to this need. According to Dennis Elliott at PNL, the
 
southern side of the islands 
are likely to have sufficient wind
 
resources.
 

In a cooperative program with Japan from 1979 to 1987, 16 locations
 
without access to the grid were monitored for wind speed. The
 
data, however, was collected at a 10 meter height.
 

The first step to promoting wind energy development in Indonesia
 
must include support for a wind measurement program to assess
 
probable sites. Information on the cost of a measurement program

and assistance with the proper collection and analysis of data
 
would strengthen ties and help push Minister Habibi toward a
 



favorable opinion of the use of wind energy.
 

In addition, studies showing the most cost-effective applications

for the technology and the potential for developing Indonesian
 
manufacturing capability are another way to promote U.S. interests.
 

Additional key contacts in Indonesia include Ministry of Research
 
and Technology, National Institute of Space and Aviation (LAPAN),

and the Directorate General of Electricity and New Energy.
 

1!
 



MALI
 

Participant: 	 Vincent Hessou
 
Engineer/Project Officer
 
Centre Regional d'Energie Solaire (CRES)

Bamako, Mali, WEST AFRICA
 

The Centre Regional d'Energie Solaire (CRES) coordinates the public

and private sector renewable energy activities for 11 West African
 
nations. Seventy-five percent of the population areas they

represent are rural with basic needs for water-pumping for human
 
and animal drinking water and irrigation. Traditionally, hand
 
pumps have been used. The ease of maintenance make hand pumps a
 
first choice in 	many locations. Other applications for wind energy

could be for grinding grain and for refrigeration of vaccines,
 
meats and fish.
 

Wind speeds appear best along coastal regions (5 m/s), making

Senegal, Mauritania and Cape Verde the countries for which wind is
 
being given consideration. The resource is best known in Cape

Verde (see individual country description above).
 

Two of the barriers to the use of, wind are (1) the fact that no
 
good resource data exists to pinpoint potential sites (last

measurements were done in 1951-55) and (2) past failures of wind
 
systems due to poor maintenance support which have discouraged

further consideration of the technology. Mr Hessou indicated that
 
prototype windmills have been installed in Mali, of the darrieus
type but the program stopped due to lack of maintenance support.
 

Studies have been done with multi-bladed mechanical windmills from
 
CWD in Holland. Savonius-type vertical axis systems have also been
 
investigated.
 

In a letter received soon after the event, Pr. Dan Dicko Dan
 
Koulodo, CRES's Director, indicated an interest in coordination
 
between his center and AWEA for
 

feasibility studies for using wind electric pumping systems in
 
Mauritania, Senegal, and Cape Verde
 

feasibility studies for using mechanical windmill pumping
 
systems in Niger, Mali, Burkina Faso, and Chad
 

presentation by a U.S. wind expert at a coming seminar 
on
 
hydro and wind technology.
 

The range of influence of CRES activities for most of West Africa
 
make this relationship important and further information
 
coordination and technical support are the key.
 



MEXICO
 

Participant: 	 Arturo Whaley
 
General Director
 
Centro de Investigacion en Energeticos y Desarrollo
 
Gonzalez de Cossio 831
 
Col. del Valle, MEXICO, D.F. 03100
 

Mexico is a top prospective market for U.S. wind industry exports.

Obviously, the coming negotiations toward a free-trade agreement

and Mexico's location as our close neighbor encourage a
 
parallelling of interests.
 

In addition, the central government has launched a significant

rural electrification program that has already affected the U.S.
 
wind industry sales and holds even more project potential. At the

conference, an order for $60,000 worth 
of wind equipment was
 
placed.
 

Mexican government funding has been provided to private consultants
 
in various regions to set up small dispersed systems for rural

electrification. Recent correspondence with 
Mexican contacts
 
indicates that windfarms may also be considered. The use of
 
renewable energy sources has been given priority by the government

even through Mexico is an important oil producing nation. Most of
 
the oil produced goes to meet their high foreign debt obligations.
 

In the near future, Mexico is expected to be a key market for U.S.
 
equipment and services and increased attention to building business
 
relationships should pay good dividends to the industry.
 



PAKISTAN
 

Participants: M. Ajmal
 
Director of Power
 
Water and Power Development Authority (WAPDA)

735-WAPDA Houser Shahrah-E-Quaid-E-Azam
 
Lahore, PAKISTAN
 

M. A. Shah
 
Director
 
Pakistan Council for Appropriate Technology (PCAT)

S.T. 10-A, Block 4, Gulshan-E-Iqbal
 
Karachi, PAKISTAN
 

S. A. Rizvi
 
Rizvi & Ahmed Associates
 
39C, Commercial Area
 
Nazimabad, Karachi, PAKISTAN
 

The country of Pakistan has been experiencing an increasing power

demand and consequent shortfall to meet that demand. To keep pace

with demand it will be necessary to add 1000 MW each year.
 

Predominant sources of generation are oil which must be imported,

indigenous low-grade coal, and hydropower (50% of total) plentiful

in the Northern region. One small nuclear plant is located near
 
Karachi. Wind energy has the potential to match the need for
 
electricity during the dry season when hydro plants are cut back.
 

The representative from WAPDA, Mr. Ajmal, advocates the use of
 
reneWdble energy sources to supplement generating capacity and has

gained agreement in principle from the Chairman to undertake a wind
 
resource assessment program (see Attachment F). He indicated that
 
the government meteorological department information he obtained
 
had not been helpful and that he intends to administer the
 
measurement program through WAPDA.
 

A previous investigation into the potential for use of wind energy

in Pakistan was done in 1975 b' an Australian consulting firm.
 
That study determined that the windspeed was not sufficient for
 
wind development in Pakistan. Until recently, most key decision
makers in WAPDA and the government had used that study to disregard

the need to investigation wind energy potential any further.
 

During an AWEA-led technical mission to Pakistan in May 1990, new
 
information was provided about technology advances the
and 

government's interest in wind has been rekindled.
 

U.S. industry can be instrumental in shaping the WAPDA wind
 
measurement program. A feasibility study managed by a U.S. wind
 
professional would help guide the program in the best methods for
 
collection and analysis of the data. The potential for grid
connected wind energy development depends largely on that program.
 



Private power production has been encourage and advanced by US/AID

and several projects are on the drawing board. The potential for
 
a profitable, equitable purchase price remains a question as well
 
as concerns about the political stability of the country.
 

In respect to small wind systems, there is a great need to provide

water and electricity for the 70% of the population that live in
 
very small villages in vast remote areas of the country. One
 
company in Karachi, Matin Limited, has manufactured over 40 multi
bladed mechanical windmills which have been installed in the desert
 
areas but developing technical skills for maintenance of equipment

in rural areas has been a problem.
 

Mr. Shah and Mr. Rizvi are engaged in a program that will install
 
100 small wind systems that can pumping drinking/irrigation water
 
as well as charge batteries (see Attachment G). Each household
 
would purchase a battery and take it to be recharged for a small
 
fee when ever needed. In this way the system (maintenance) will be
 
self-supporting.
 

The area of greatest rural need is also the area of greatest wind
 
potential; the Baluchistan coast which lies West of Karachi. Vast
 
regions have no power and the very low water table makes hand pumps

unusable. A few small cities are Aerved by expensive diesel mini
grids. Fuel transportation costs over poor roads make wind/diesel

hybrid systems a potential cost-saving alternative.
 

Other key contacts for large systems are the Ministry of Water and
 
Electricity, the Chairman of WAPDA, Gen. Lahid Ali Akbar, and
 
WAPDA's Member of Power and Mr. Ajmal's superior, Javed Akhtar.
 
For small systems, Dr. Junejo, Ministry of Science and Technology

directs the activities of the Pakistan Center for Appropriate
 
Technology.
 



PHILIPPINES
 

Participant: Jose Rene C. Roncesvalles
 
Project Manager
 
Local Water Utilities Administration (LWUA)

MWSS-LWUA Complex, Katipunan Rd, Balara, Diliman
 
Quezon City, PHILIPPINES
 

Like other Pacific Rim countries the growth of electricity demand
 
has severely taxed the government's ability to build new generating

capacity. Power outages are a frequent nuisance in the Manila area
 
and many corporations are setting up captive generating capacity to
 
meet their needs. The government utility bureaucracy does not
 
appear interested in exploring wind for bulk power. The lack of
 
wind data and the inaccuracy of that which is available have led to
 
a generalized belief that the windspeed is not sufficient for this
 
application.
 

With Japanese assistance money, a small windfarm (approximately a
 
dozen 15 kW Yamaha turbines) has been installed on the north side
 
of Luzon. No further information is available. The only other
 
known wind equipment in the Philippines is a U.S. manufactured
 
Enertech system that was never pro erly installed, is not working,

and may be the reason that there is no serious interest in wind
 
energy.
 

Regarding remote wind power potential, the Philippines as a nation
 
of many small islands has the need for dispersed power systems.

The rural electrification program which was active under Marcos was
 
poorly managed and ineffective. The current government has lost
 
interest in rural electrification.
 

The Local Water Utilities Administration, however, has been charged

with providing potable water to the population on several remote
 
Philippine islands. Through a German government funding, they are
 
proceeding on a $1 Million program to use photovoltaics-powered
 
water pumping at 15 sites. This will benefit 15-20 villages and a
 
total of 100-200 households. Wind-powered water pumping could
 
clearly offer a least-cost option in locations where the wind
 
resource are determined sufficient. Mr. Roncesvalles seemed
 
interested in wind-powered water pumping applications but voiced
 
the necessity of convincing the government to investigate the
 
technology.
 

A key government agency is the Office of Energy Affairs, which he
 
indicated has as one of its purposes to consider and study

alternative energy sources.
 

Assistance in preparing feasibility studies for 5-10 kW wind water
pumping systems and demonstrations of the technology as an
 
alternative to diesel-powered systems is important for convincing

policy-makers of wind's usefulness. Funding will need to come from
 
US/AID or other sources for this.
 



SOMAtIA
 

Participant: 	 Ahmed Mohamed Jama
 
Director of Projects & Planning
 
National Agency for Electricity and Energy
 
P.O. Box 1
 
Mogadishu, SOMALIA
 

Somalia is reported to have the highest winds -eds in Africa.
 
Located at the tip of the horn of Africa between Ethiopia and
 
Kenya, the prevailing northeast winds are nearly permanent. The
 
only exception 	is when the winds switch direction to the southwest
 
during the monsoon season.
 

In 1985 under a UNDP program, RISO in Denmark began a pilot

project. Since 1987, four 55 kW Bonus turbines have been installed
 
in a diesel grid near Mogadishu, the capital.
 

Initial problems with corrosion in the hot, humid environment were
 
eventually corrected with acid resistant stainless steel bolts and
 
epoxy coatings. There has been a continuous mechanical and
 
electrical training program and the results have shown wind energy

to be competitive, especially since Somalia has to import its oil.
 

Average capacity factors of the Danish turbines were over 35% in
 
1988. The 1989 results were lower due to lower wind and some down
time on the equipment. The need for sufficient spare parts to be
 
available was emphasized by Mr. Jama.
 

Mr. Jama is the principal person in charge if the wind program at
 
the national utility. Plans for 1992-97 include a 5 MW of
 
additional wind energy generation and extension of the grid.

Funding has not been secured for this expansion. He is looking for
 
support for further wind measurement equipment and funding for this
 
5 MW expansion. US/AID maintain a very small office with minimal
 
funding support.
 

A World Bank study is currently being done by Kennedy & Donkin of
 
U.K. This is expected to show wind as economically attractive but
 
it is not a full feasibility study.
 

The unstable political climate in Somalia, however, is cause for
 
concern. The present dictatorship continues to weaken and a widely

supported rebel coalition may ultimately take over the government.

The utility infrastructure is not expected to be affected by this
 
and any changes at the top may not disrupt the function of
 
government agencies. Even with a great wind resource, Somalia does
 
not appear to be a top country prospect for U.S. companies.
 



TURKEY
 

Participant: Adnan Temiz
 
Head, Wind Energy Unit
 
General Directorate of Electric Power Resources
 

Survey and Development Administration
 
Eskisehir Yolu 7 km
 
Ankara, TURKEY 06520
 

The General Directorate of Electric Power Resources (EIE) has been
 
actively investigating the use of wind energy since 1983. National
 
wind data has been collected at 114 stations by the state
 
meteorological organization and with the help of the Turkish
 
Scientific and Technical Research Institute (TUBITAK) a wind map of
 
Turkey has been prepared.
 

Several demonstration programs have been underway
 

(1) using 1.1 kW three-bladed Darrieus type wind turbine with
 
battery storage for rural electrification.
 

(2) using a 20 kW HAWT system for farm lighting and water
pumping.
 

(3) using a 6-bladed mechanical windmill to investigate
 
pumping capacity and operational problems.
 

.nother organization in Turkey studying the use of wind energy is
 
Istanbul Technical University. In the private sector, a 55 kW
 
Vestas turbine from Denmark was installed in 1984 to supply power

directly into industrial facilities at Altinyunus.
 

Although all of the systems mentioned are foreign-manufactured,

several local manufacturers in western Turkey make crude mechanical
 
windmills.
 

Mr. Temiz's English language ability was very limited and hindered
 
further exchange of information. He did, however, indicate
 
reliability problems with anemometers purchased in the U.S. and
 
asked for assistance.
 

It appears that a genuine interest in wind energy exists in Turkey.

The potential for U.S. involvement in Turkey's development will
 
require developing a closer flow of communication with Mr. Temiz
 
and other interested decision-makers.
 



ATTACHMENT A
 

aGZmNk: NIND, aPpL -mIoNsm TR niG sIPosiu 

SAN FRANCISCO, CA Wednesday. Sent. 19 

Welcome Reception: 6:30-8:30 PH 

SAN FRANCISCO, CA Thursday, Sent. 20 

Welcome: 
 8:30 AM
 
Dianne Eppler/American Wind Energy Association 

Overview of the Development of Wind Energy in the U.S.: 8:45 AN
 
Energy Crisis, Tax Incentives, PURPA 

Tim Olsen/CaliforaiaEnergy Commission 

International Guest Presentations: 9:30 AH
 

-Coffee Break---
 10:30 AH
 

Role of Government Research & Development: 10:45 AN
 
Palmer Carlin/SERI
 

International Guest Presentations: 11:15 AN
 

-- Luncheon-Speaker: Tim olsen/Californi Energy Commission 12:00 Noon
 

Utility Perspective - Interconnection Issues and Safety: 1:00 PH
 
Bill Steeley/Paific Gas & Electric Co. 

International Guest Presentations: 1:30 PH
 

-- Coffee/Soft Drink Break--
 3:00 PH
 

Elements of a Windfarm: 
 3:15 PH
 
Bob Gates/Zond Systems
 

International Guest Presentations: 
 4:15 PH
 

SAN FRANCISCO, CA: Friday. Sot. 21
 

Resource Assessment/Siting Considerations: 
 8:30 AM
 
Ed McCarthy/U.S. Vindpover
 
Bob Baker/AeroVironmenc Northwest
 

---Coffee/Tea Break---
 9:45 AM
 

Operations, Maintenance and Training: 10:00 AN
 
Bob Lynette/R. Lynette & Associates
 

California Windfarm Performance: 10:30 AM
 
Bob Lynette/R. Lynette & Associates 
Sam Rashkin/CaliforniaEnergy Commission 

-Lunch Break--
 11:30 AM 

.WZDFARMTOUR of Altamont Pass 12:30 PH
 



AMARILLO, TX: 	 Saturdav 
Sent. 22
 

Remote, Stand-Alone Wind Energy Applications: 3:00 PH 
Overview of Application:

Nolan Clark/S Dept of Agriculture
 

Mechanical Water-Pumping:
 
Jim Zane/Aemotor Windmill Company
 

Electrical Water-Pumping Systems and Case Study-Morocco:
 
Mike Bergey/Bergey Vindpower
 

Hybrid 	Systems - WLnd/Diesel/PV:
 

SITE TOUR of Water-Pumping Demonstration: USDA Bushland site 5:00 PH
 

WASHINGTON, DC: 	 Monday, Sent. 24
 

Technology Transfer: 
 8:30 AM
 
Mike Bergey/Bergey Windpower
 

Economic Analysis: 
 9:00 AM
 
Robert 	Poore/R. Lynette & Assoc.
 

U.S. Technical Assistance: 
 10:00 AM 
Ron Pace, Sandia Design Assistance Center
 

Panel Discussion: U.S. Financial Assistance: 	 10:30 AM
 
Moderator: Ralph Burr/Dept. of Energy

Panel: James Sullivan/Agency for InternationalDevelopment


Steve Klein/Agency for International Development

PriscillaRabb-Ayres/Trade and Development Program
John W1isniewski/Export-Import Bank
 

---Luncheon Break---
 12:00 Noon
 

Panel Discussion: Creating a Successful Project 1:00 PM
 
Moderator: Leas Garden, Dept. of Commerca
 
Panel: 	Prefeasibility - Robert Poore, R. Lynette & Assoc. 

Feasibility - Pete Smith/World Bank 
Financing - John Besant-Jones/world Bank 

Larry Carpenter/ESI Energy

Turnkey Operations - Meal Eaertn/SeaVest
 

---Coffee/Soft Drink Break--
 3:00 PM
 

Symposium Wrap-up: 
 3:15 PM
 
Individual Country Discussions
 

Closing Remarks: 
 4:30 PM
 

Windpower '90 Conference - Opening Reception: 	 6:30 PH 

Tuesday, Seftember 25
 

Open day for personal interests such as sightseeing.
 

See the "Windpower '90" Conference Brochure for rest of weeks events.
 



ATTACHMENT B
 

GUESTS: 1990 WIND ENERGY APPLICATIONS a TRAINING SYMPOSIUM
 

Jose Pedro B. Duarte Fonseca 
 TEL:611199
 
Instituto Nac. de Investig. Teocnologica TLX:6009 INIT
 
CP 185 Praia, Santiago
 
Rep. of Cabo Verde, WEST AFRICA
 

Ernesto Tironi, Gerente General 
 TEL:562-380521
 
Corporacion de Fomento de 
la Produccion FAX:562-711058
 
Moneda 921, Oficina 814
 
Santiago, CHILE
 

COSTA RICA
 

Enrique Morales, Engineer, Special Studies TEL:506-207523
 
Instituto Costarricense De Electricidad (ICE) FAX:506-314737
 
Sabana Piso 6, Apartado 10032-1000
 
San Jose, COSTA RICA
 

Jorge Valverde, Chief, Special Studies TEL:506-207277
 
Instituto Costarricense De Electricidad (ICE) FAX:506-314737
 
Sabana Piso 6, Apartado 10032-1000
 
San Jose, COSTA RICA
 

INDIA 
N.M. Patel, Additional Chief Engineer TEL:91-265-323481
 
Gujarat Electricity Board 
 TLX:175264 GEB IN

Vidyut Bhavan, Race Course 
 (953)

Vadodara, INDIA 39007
 

Shri N. K. Singh TEL:91-842-261988
 
Bharat Heavy Electricals, Ltd. FAX:91-842-263320
 
Vikasnagar

Hyderabad 500 593, INDIA
 

S.S. Thakur, Executive Engineer TEL:91-177-2828
 
Himachal Pradesh State Electricity Board TLX:391215 PCO IN

Vidyut Bhawan, Shimla, INDIA 171004 
 (953)
 

INDONESIA
 

Dr. Lolo H. Panggabean, Head of Laboratory TEL:62-21-5203238
 
UPT-LSDE/BPP Teknologi 
 TLX:45512 (796)

2J. Thamrin, No. 8 
 FAX:62-21-324990
 
Jakarta, INDONESIA
 

Vincent Hessou, Engineer/Project Office- TEL:223-226188
 
Centre Regional d'Energie Solairie (CRES) 224676,226791

Bamako, Mali 
 TLX:532,(972)
 

Arturo Whaley, General Director (CIEDAC)
Centro de Investigacion en Energeticos y Desarrollo 
Gonzalez de Cossio 831 

TEL:1-905-575-2611 
MCI:389-8307 
FAX:1-905-559-5449 

Col. del Valle, MEXICO, D.F. 03100 

PAKISTAN 

M. Ajmal, Director of Power 
Water and Power Development Authority (WAPDA) 
735-WAPDA House, Shahrah-E-Quaid-E-Azam 

TEL:92-42-305651 
TLX:44236 WAPDA(952 

Lahore, PAKISTAN 



S.A. Rizvi 

Rizvi & Ahmed Associates 

39C, Commercial Area 

Nazimabad, Karachi, PAKISTAN 


H.A. Shah, Director 

Pakistan Council for Appropriate Technology (PCAT) 

S.T. 10-A, Block 4, Gulshan-E-Iqbal 

Karachi, PAKISTAN 


PHILIPPINE
 

Jose Rene C. Ronceuvalles, Project Manager 

Local Water Utilities Administration (LWUA) 

MWSS-LWUA Complex, Katipunan Rd, Balara, Diliman 

Quezon City, PHILIPPINES
 

Ahmed Mohamed Jama, Director of Projects & Planning 

Nati Agency for Electricity & Energy 

P.O. Box 1, MogadLshu, SOMALIA
 

TURKEY
 

Adnan Temiz, Head, Wind Energy Unit 

Genl Dir. of Elect. Power Res. Survey and Dev. Admin. 

Eskisehir Yolu 7 km 06520, Ankara, TURKEY 


TEL:92-21-431767
 
TLX:23328 COSMK(952
 

(Attn:AlL Assoc)
 
FAX:92-21-523935
 

TEL:92-21-465889
 
TLX:23328 COSHK(952
 

(Attn:Ali Assoc)
 
FAX:92-21-523935
 

TEL:632-974511
 
TLX:
 
FAX:632-832-0044
 

TEL:252-1-21834
 
TLX:3637 SAMCO SM
 

TEL:904-2873380
 
TLX:44104 (821)
 
FAX:904-2228112
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ELECTRICAL SUPPLY
 

1. 	 Electric Energy 
,Co1sumption - : 16.000 million XWH/aflo, 

2. Electrical Supply
 

Central Region:
 

20 hydroelectric plants, y 4 thermical
 
plants, with an installed power of 3.000
 
MW and 2.000 Km. of Central
 
Interconnected System.
 
It concentrates aO% of total population
 
and most economic activity. 5 


- Northern Region: 

No hydraulic resources; production of
 
energy based on coal, heavy oil and
 
diesel, with an installed capacity of"
 
700.QeMW. TOD M 
Important mining activity with great
 
consumption of energy of 1.800.000 M:WH.
 

Southern Reaion:
 

Production of energy based on diesel oll
 
and natural gas, and some small
 
hydroelectric plants. The installed
 
power is 97.000 XW and 190.000 MWH of
 
production.
 
Low population density; the most
 
important city is Punta Arenas, 100.000
 
inhabitants.
 

3T /Ll
 

0 



ISISTEMAS
ELECTRICOS 
DE CHILE ARICA 

IQUIQUE 

:ANTOFAGASTA * 

COPIAPO * 

LA SERENA 

VIRA 0EL MAR 

RANCAGUA 

TALCA 0 

SANTIAGO 

CONCEPCION 

VALOIVIA 

PTO. MONT 

* 
-

[ , 

ZONA ATENDIDA POR EL 
SISTEMA NORTE (SING) 

GenefCidn Termica. 

ZONA ATENDIDA POR EL 
SISTEMA CENTRAL (SIC) 
Generacidn Hidroulica. 

* COIIQUE 
~ SISTEMA

Generacidn 
AYSEN
Hidraulica. 

[ }SISTEMA MAGALLANES 
Generocidn Termica 

AREAS DE ALTO CONSUMO 
MINERO E INDUSTRIAL 

PTA. ARENAS .9 



POBLAC tON Y ARICA 

CONSUMOS ELECTRICOS W. ZONA ELECTRICA 
IQUIQUE 

- Consumo: 2.240.000.000 KW H/a, 

ANTOFAGMA . 

2d," ZONA ELECTRICA 

Consumo: 1. 260.000.000 KW H /ofo 

VALPARAISO ' SANTIAGO, 3to" ZONA ELECTRICAl 
" RANCAGUA 

Consumo: 8.850.000.000 KW H/a 
TALCA . 

LINARES 
TA~. 0 IUJAN


ON N 4t ZONA ELECTRICA 

Consumo : 2.520.000.000 KW H/aBo 

TEMUCO * 
5ta. ZONA ELECTRICA 

ALDNIA 
OSORNO 	 Consumo : 560.000.000 KW H/oo
PTO. MONTT 

6to. ZONA ELECTRICA
 

Consumo : 65.000.000: KW H aio.
 

CIUDADES CON MAS DE 

100.000 HABITANTES. 

*7mG 	 ZONA ELECTRICA 

Consumo : 148.000.000, KW H /ogo. 

PTA. ARENAS 

9' 



ESTuDIOS DISPONIBLES SOBRE
 

APROVECHAMIENTO DE VIENTOS
 

LUGAR: AgO .EJECUTOR 

1. CHUQUICAMATA 1986 A 89 U. de Chile.Facultad de 
Ciencias, Departamento 
E16ctrico. 

2. VALPARAISO 1982 Universidad Cat6Iica de 
Valparaiso, Inst. de 
Matemiticas y Fisicas. 

3. CONCEPCION 3.981 Universidad de. Concep
c16n, Facultad do 
Ciencias. 

4. ISLADE PASCUA 1981 Universdad T cnica F. 
Santa karia, Depto? 

Ingeneria ecinici. 

5. VALPARAISO 1984 Universidad T~cnica F. 
Santa Maria, Depto. 
Ingenieria Mecinica. 



.LUGARES CON PERSPECTIVAS
 

1. 	CHUQUZCAMATA
 

Alto costo de genaraci6n (US$: 5,9 ctd/KWH)p

bauado en combustibles que tiene alto costo de :
 

transporte.
 

Alto consumo por la actividad miner. (1.400.000
 
MWH/afto).
 

" 	 Posibilidad de uustituir un 1X del consumo
 
(14.000 MWH/aflo) con is instalacibn de 
aerogeneradores de 300 KW cada uno.; 

" 	 Velocidad media del viento: 8,5 m/seg. durante
 
12 hores al die.
 

2. 	 ISLA DE PASCUA
 

" 	 Alto costo de generact6n (US$ 10 ctd/kvh),
 
basado en petr6leo que debe wer transportado a
 
la iola.
 

" 	 Consumo el~ctrico 2.200 MWH/aflo.
 

" 	 Posibilidad de inutalar 5 aerogeneradores de 50
 
IKW cada uno, lo que sumti.tuiria.el 30X de la
 
generaci6n t~rmIca.
 

" 	 Velocidad media del viento: 6pO m/ueg. duranter.6 
hors al die. 

http:sumti.tuiria.el


Lugar 

!Stti Arica 
Iquique 
Calama 
Caldera 
Potrerillos 

, Isla Juan FernAndez 
Sot Punta Los Andes 

Punta Tumbes 
Ancud 
Isla Guafo 
Balmaceda
Chile Chico 
San Pedro
Isla Evangelista 

Punta Dunguenes
Punta Arenas 
Isla Diego Ramirez 

REGISTROS DE VIENTO
 
EN..DISTINTOS LUGARES DE CHILE Y
 

COSTO ACTUAL DE GENERACION
 

Veloc.Media 

(*) 

rM/1:, 


4,5 
3,8 

5,3 

4,0 

4pO04.
 
6,0 .
 
7,2
6,8+ 

7, 2. 

7'


9, 5-
9,0


13, 0 
8,5

9,7 
2 


Tiempo en que Costo
 
la velocidad es Genera'
superior a la c16n. 
media. 

Horas cUS$/KWH
 

6 7,5 
6 4,6 
6 6,0
 

12 4,5 
12 

.8 100,
 
12 .c 
12 3.0 

6 2,0 
12 s .c 

8,2

'40 -4 

-i see 
"o1f. .0 

g c 
"40
 

' 8--a
 
4F2 


C.) Datos proporcionado. per,Universidad Fed.. Santa Maria
 
s.. : sin consumo
 



USOS ;DE, ENERGIA EL
 

:.E PEQUEfIA- ESCALA 

ExIuten 200.000 vivienda. on sector rural que
 
carecon do *ervicio el6ctrico, debido a ou
 
lejanla do los contros de dlstribucl6n y su baja
 
capacIdad econ6mica.
 

El recurso e61±co np *at& uuflcientemente
 
eutudiado en el pals, ni tampoco on eutom
 
lugares.
 

So eatima intereoante eatudlar un programa de
 
generaci6n e61±ca para atender necesidaden
 
dom6sticas y do a1gunas faenas productIvas.
 

Por ejemplo : Llumlnac±6n, radio y TV.
 
bombeo de agua
 
mollonda do granom
 
regrigeraci6n de pesca artesanal,
 



S;INSTITUTO COSTARRICENSE DE ELECTRICIDAD
 

ATTACHMENT D
 

STUDY OF WIND POTENTIAL IN COSTA RICA 

The Instituto Costarricense de Electricidad (ICE) is the 

national electric uttijity of Costa Rica and it has been
 

responsible, ,during the 
 last 40 years, of the development and
 

expansion of the National Electric System (N.E.5). The natural
 

conditions of the country, 
mainly the abundant hydraulic
 

resources, has made it possible to develop hidroelectric
 

resources at a comparatively low cost (U.S. $0.05/KWh) and the
 

transmission and distribution 
lines have been extended to
 

practically every corner of the country.
 

The N.E.S is currently consisting of a generation sub-system
 

based on hidroelectric 
power plants located at the northwest, 

southeast and west part of tne central area, the largest 

consumption of the center of the country, a 230 kv and 138 kv 

transmission sub-system and a 34.5 kv and 13.8 kv distribution 

sub-system. 

Up to date, an electrification index in order of 90% has been 

achieved (100% of urban covering and 60/ of rural covering) 

with an installed capacity of 823 MW of
866 MW. this total
 

capacity (95.) belongs 
 to ICE and the rest to some
 

distribution companies. Last year, the N.E.S. generated a
 

total energy of 3349 GWh, 93.5% of ICE production. The 84% of
 

the installed capacity (724 MW) is mainly hidroelectric power
 

plants and 16, thermoelectric Dlants.' Howeve-, durino last 10 
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years the thermoelectr ic proddc'tion: was less than 3%/of the
 

total eergy production.
 

Historically , the demand for electricity has beein growing at
 

the rate of about 7%, which means that by the beginning of the
 

next century, the country will be ne'. About 1600 MW. The
 

development program up to the year 2000 considering a 651
 

hidroelect'ric, 13%Y geothermal and 22%. thermo-electric plants'
 

using imported petroleum.
 

During last decade, in the periodFrom i981 to 1983, ICE
 

started a preliminary, study on a nationwide level, of the
 

areas having the greatest aeolian potential, For which
 

purpose, use was made of existing weather stations and 
a few
 

auxiliary ones, which were temporarily installed For such
 

purpose.
 

During the course of this study, ICE was assisted by the Swiss
 

consulting firm ELECTROWATT I.C..' Here are some details of
 

this study.
 

The most thorough compilation of data 'which documents the
 

possible wind resource was presented in a report prepared by
 

Electrowatt. In this report, it presents a summary of wind
 

data collected at 16 long term permanent stations and 17
 

short-term stations. The period of, time which data were
 

collected at the permanent stat ions ranges from one to 
 ten
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years witn *the average, Fotr the better locations being
 

approximately three years.. None of these locations, however,
 

were selected or designed to collect meteorological data to
 

document a potential wind energy resource.
 

Electrowatt recognized the limitations of these two sets of
 

data, but still attempted to correlate the short term data
 

with the permanent data in order to estimate the possible
 

annual mean wind velocity at each short term station. They
 

also used the vertical proFiUT measurements at some of the
 

short term stations to estimate the vertical wind profile at:
 

the permanent stations.
 

The data collected at the permanent and short term monitoring
 

locations, along with the correlation estimates, do identify
 

Five locations with a good potential For an economic wind
 

resource. These locations are Tejona, La Fortuna, Rio Naranjo
 

km 26, Rio Naranjo km 21, and Vista de-Mar. In addition, ICE
 

had supplemental meteorological data at Tejona and la Fortuna
 

which further identified these two sites as having a likely
 

wind resource.
 

In May, 1988, a cooperative agreement was signed with
 

California Energy Commission (C.E.C.) for the latter
 

organization to provide technical-advice to ICE in initiating
 

a pilot program that will give us the necessary technical
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elements' to determine' whether a .project-on a,larger scale is
 

possible in our country.
 

The main objective of "this initiative is to develop a program
 

to study the technical and economic Feasibility of using wind
 

power as an alternative For .the commerciai generation of
 

electrici'ty at selected sites.
 

In May, 1989, ofFicials of the C.E.C. visited Costa Rica for
 

the purpose of starting the above mentioned advisory service.
 

The officials made a review of the existing meteorogical data
 

and mentioned some of the aspects that Follow the exposition.
 

The C.E.C. officials concluded that the best location For a
 

commercial wind energy project in Costa-Rica would be at the
 

Tejona site.
 

Three of the remaining sites which were reviewed, La Fortuna,
 

Ric Naranjo.km 26 and Rio Naranjo km 21, all showed some
 

promise oF having a good- w.nd energy resource which could be
 

feasible for development.
 

http:Naranjo.km
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The disadvantage of these sites, as compared to the Telona
 

site are;,
 

..-.each site has a Fewer existing meterorological data, 

2-. the monitoring locations at.,La Fortuna and Rio Naranio km 

26 had questionable exposure, and 

3-. the measured calculated wind velocities at these sites 

were approximately 30 percent less than Tejona site. 

These three sites do, however, have slightly smoother terrain
 

which makes them somewhat mory desirabie For construction.
 

These sites also have adequate transmission capacity nearby
 

and existing land use which should be compatible with wind
 

energy development.
 

ICE, as a C.E.C. officials recommendation, started on January
 

1990 the wind resource monitoring at the Tejona si.te. This
 

resource monitoring is under the active direction of ICE with
 

the U.S. WINDPOWER, INC. as a qualified meteorological
 

contractor coordinating the collection and analysis of the
 

data.
 

ICE considers it advisable to go further into the studies of
 

I'ejona, La Fortuna and Rio Naranjo sites since the wind is a
 

;renewable source of pover and which, because of the Features
 

of its annual distribution, could be adequately supplemented
 

with hidroelectric generation. since the hydraulic resource is
 

less, preciselly during -the months when wind power is q.eater.
 



INSTITUTO COSTARRICENSE DE ELECTRICIDAD
 

On May 1989, the Costa Rican Government issued an Executive
 

Decree to allow private entrepreneurs to generate electricity
 

on a co-generation basis with ICE and the wind power is a good
 

possibility to generate elctricity on a commercial basis and
 

it could be carried out by private entrepreneurs.
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L ' EOLIENNE : UNE TECHNOLOGIE 'APPROPRIEE POUR
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Centre Rdgional d'Energie Solaire
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I. INTRODUCTION
 

Devant les nombreux probldmes bien connus auxquels les pays en develop
pement sont confrontds (lourde facture p6trolidre, degradation des termes de
 
l-'fchange, crise de l'endettement, d~mographie galopante, secheresse, dispari
tion progressive des ressources forestidres etc), le d~veloppement de l'utilisa
 
tion de technologies d'dnergies renouvelables fiables et prdsentant des rapport
 
coats/avantages favorables apparait
 

- comme une d~marche rationnelle dans la recherche d'une-large inddpen

dance dnergdtique,
 

- comme un moteur pour le d~collage dconomique du monde rural en faveur
 
des couches les plus sensibles de la population (femmes et enfants notamment)
 

- comme une alternative pour un d~veloppement endog~ne et autocentrd 
respectant les dquilibres fondamentaux de l'environnement naturel.
 

C'est pourquoi les pays membres de la CEAO et du CILSS se sont engages
 
rdsolument dans la vole de la prospection des possibilitds d'utilisation des dnergie
 
renouvelables, singulidremebt depuis le premier choc p~trolier en 1973. La volontd
 
politique existe, mais on sait que fes'probldmes dvoquds ci-dessus sont actuellement
 
si aTgus qu'ils bloquent toute perspective de d~veloppement industriel et socio
dconomique et partant toute perspective de d6veloppement de programmes 6tendus dans
 
le domaine des Onergies renouvelables.
 

Comment-peut-il en Etre autrement quand ces pays consacrent 40 a 70
 

de leurs revenus en devises a la facture p~trolidre et 80 % au service de la dette ?
 

En consequence, sans une assistance technique et un soutien financier
 
solide de la communautd internationale, ces pays ne pourront pas faire des dnergies
 
renouvelables un fer de lance du d~veloppement rural.
 

Qu'en est-il plus particulidrement de la technologie dolienne objet
 
du present symposium ? Est-elle une technologie appropride pour les pays de la
 

zone CEAO/CILSS.
 

Certainement, pour les raisons suivantes
 
- Comme on le verra dans la suite, bien qu'dtant de loin moins abon

dante et moins rdpandue que l'nergie solaire, l'nergie dolienne disponible dans 
ces pays permet d'envisager une dissemination d'doliennes multipales de pompage dans 
pratiquement toute la zone CEAO/CILSS, comme une contribution A la maTtrise de 1'eau 
prioritd fondamentale pour tous ces pays ainsi que d'adrogdndrateurs de faibles et 
moyennes puissances dans la bande cotidre en vue de l'lectrification de communautds 
rurales et de petites unitds industrielles isoldes. 

o.o .oo
 



- Les doliennes de pompage et les adrogdn~rateurs de faibles et moyenne
 
puissances sont actuellement des produits parfaitement au point, techniquement
 
fiables et performants. En outre, l'dnergie folienne lorsqu'elle est ration
nellement mise en oeuvre est 4conomiquement plus competitive que les solutions 
concurrentes (afeselitphotovoltaTque notamment) tant pour l'exhaure de l'eau 
que pour la production d'llectricitd. 

- La fabrication locale des doliennes multipalesest facile a mettre en 
place (quelques atdliers de fabrication sont dgja fonctionnels). Quant aux 
agrogdndrateurs, compte tenu de leur niveau 4levd de technicitf et de l'6troi
tesse d'un marchd potentiel, seule une unitd r~gionale est envisageable. Le
 
transfert de technologie est donc possible.
 

- La gestion et la maintenance des 4oliennes de pompage peuvent s'inte
grer facilement daa;s l'organisation d~centralisde de la maintenance des pompes
 
a 
motricitd humaine mise en place dans le cadre des programmes d'hydraulique
 
villageoise et qui donne de bons r6sultats. Quant aux a6rogdngrateurs, des
 
6quipes itin~rantes de techniciens spdcialisgs. seront n~cessaires.
 

Dans ces conditions relativement favorables, ilapparaTt int~ressant
 
pour les pays de la zone CEAO/CILSS de tirer les lecons des experiences passde
 
et de mettre au point des programmes d'actions visant a utiliser au mieux
 

1'nergie dolienne.
 

Plusieurs organismes s'att~lent deja a cette tache, parmi lesquels
 
figure le Centre Regional d'Energie Solaire qui sera pr6sent6 &la fin de
 

cet article.
 

I. PRESENTATION DE LA REGION CEAO/CILSS
 

La region CEAO/CILSS se compose de 11 pays en d~veloppement (FIG 1)couvrant
 
une superficie de 5,8 millions de Km2 avec une population de 55 millions d'ha
bitants. Neuf des 11 6tats de la R6gion CEAO/CILSS appartiennent a la zone du
 
Sahel avec une pluviom~trie faible (moins de 600 mn par an) irr~guli~re et
 
concentr~e sur une courte saison humide suivie d'une trds longue saison sdche.
 
La secheresse presque chronique qui s~vit dans cette zone depuis 1973 a 
mis
 
en relief l'extrdme fragilit6 des dconomies et des 6cosystdmes de ces pays.
 

Le tableau2donne les indicateurs physiques et 6conomiques de base pour les
 
pays de la zone CEAO/CILSS. Ils font tous partie des pays a faible revenu
 
Sauf la'COte d'Ivoire et le S~n~gal qui sont des pays A revenu intermddiaire.
 

* o ./ .o. 



CARTE 1 Les pays de ]a regijon CEAO/CILSS
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_ _ 

Pays 	 1 Superficie ..Population I PNB par habitant! Exortation A Iportation I Balance Commediale )
I 103 km2 !i0 habitants IUSD 1987 ! 10 USD 10 USD ! 10 USD ) 

--------I-(----------------- ----------------- --------------- ----- --------- --------------------- ) 
BENIN 1 113 4.3 310 	 168 ! 418 
 -250
 

BURKINA 1 274 1 8,3 1 270 ! 202 ! 540 
 i -338 

CAP-VERT 1 4 1 0,42 1- - ! - ! - ) 
COTE D'IVOIRE 1 322 1 11,1 ! 740 1 2982 1 2168 1 +814
 

GAMBIE 1 11- ! 0,85 ! - ! _ ! _ ! .
 

GUINEE-BISSAJ 1 36 1- 0,9 -	 - "  ! - ) 
VALI 11240 1 7,8 I 210 1 216 1 447 ! -231
 

MAURITAMIE 1 1031 1 1,9 ! 440 ! 
 428 1 474 1 -46
 

NIGER 1 1267 1 6,8 ! 260 1 
 361 	 .417 ! -56
I ! 	 ! 
 ! !I
 
SENEGAL 1 196 1 7,0 I 520 ! 
 645 i 1174 ! -529
 

TCHAD 
_ 

11284I 1I 5,3 i! 150 I - I - ! _ !__ 	 l ! _ _ _ __ 

TOTAL -l 5778 1 54,67 i 

TABLEAU 2 	:..INDICATEURS DE BASE'POUR LES PAYS CEAO/CILSS
 

SOURCE : BANQUE MONDIALE (1989)
 



-5-


Le tableau n*3 rappelle quelques chiffres.significatifs du contexte dnerg6
tique de certains pays de la region CEAO/CILSS, chiffres qui demontrent leur
 
taux dlevg de dependance et la sensibilitg de leurs 4conomies nationales aux
 
fluctuations des coots 
du pdtrole. La facture pitrolidre est lourde alors que
 
la part des energies commerciales dans la consommation totale d'dnergie est trds
 
faible (moins de 10% 
 pour lesPMA). Parmi les iddes forces actuellement retenus
 
pour endiguer cette situation, figurent en trds bonnes places
 

- le developpement des energies renouvelables
 
-
la maTtrise des consommations et l'utilisation rationnelle de
 
1'nergie.
 

CVest pour atteindre ces objectifs que 
les pays de la zone CEAO/CILSS ont
 
decide en(1978) 
de crier en conimun le Centre Regional d'Energie Solaire.
 

II. LE POTENTIEL EOLIEN DE LA REGION CEAO 
- CILSS 

Les principaux courants adriens qui determinent le regime des vents en Afriqu
 
Occcidental sont(FIG 4)
 

- l'alizd maritime bordal isgu de l'antocyclone des Acores, intdresse princi
palement les cotes Sdndgalaises et Mauritaniennes pendant la saison sache.
 

De direction 9nrale Nord, ila 
une vitesse moyenne de l'ordre de 8m/s.
 
- l'alizd continental ou air saharien, vent moderd, provenant de l'anticyclont
 

continental boreal souffle sur les regions sahariennes et saholiennes au coeur de
 
la saison s~che.
 

- l'harmattan, vent sec et froid, de vitesse faible ou moddrde,provient dgale
ment de l'anticyclone continental boreal et int~resse toute la partie de l'Afrique
 
Occidentale situde au Nord du Front Intertropical (FIT).
 

-
la mousson, vent chaud et humide de vitesse faible, provient de l'anticyclo!
 
austral de Sainte-Hdldne et intdresse toute la region situge au Sud du FIT.
 

- l'alizd austral de mgme provenance que la mousson souffle sur la Cte Sud
 
de l'Afrique.Occidental essentiellement pendant la petite saison sache.
 

Les caractdristiques de ces courants indiquent ddja globalement le regime des
 
vents auxquel on peut s'attendre.
 

Plus d'une centaine de stations appartenant en general aux services de la
 
mdtdorologie mesurent la vitesse et la direction du vent. Mais la fiabilitd de ce
 
systdme de mesures destind en fait. 
a la sicurit6 de la navigation adrienne, est
 
trds insuffisante. En effet
 

-
les mesures sont ponctuelles et effectudes au bout d'intervalles de trois
 
(3)heures. La valeur instantande ainsi obtenue dtant assimilde a
la moyenne
 
trihoraire.
 



_ _ _ 

( PAYS IFact.p~tro- ! Part des I Energ ie totale I Superficie I Part du petwle Densitf dnergdtique( !l]re (MFF) I gnerg.camemrc TEP (1978)( ! ! 
1 Km2 I en mois expertl TEP/Km2

!
 

( BENIN 1 276 1 < 10 % 1 880 000 
 I 113 I 2,5 1 7,8
 

I BURKINA FASO 446 ! < 10 % 1 600 000 
 274 ! 6,4 1 
 5,8
 
COTE D'IVOIRE 1 2 605 1 < 40 %
( ! 1 3 320 000 I 322 I 1,61 1! 10,3 

(MALI I
( I 450 < 10% 1I 260 000 I 1 1240 !! 4,3 1,0-

(NIGER
( 1 764 1! < 10 1!1160000 1I 1 267 1 3,6 1 0,9 

(SENEGAL f1 620 
 <50 % 1 2 020 000 
 I 196 1 5-1 
 I 10,3
 
( ~ A 11 12! 12 I 1!3 I _ _ _ _ __ _ 

-TABLEAu-3 :CHIFFRES SIGNIFICATIFS DU CONTEXTE.ENERGETIQUE 
DANS LA REGION CEAO/CILSS.
 

SOURCE = GERME 87 -- AFME 
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-les 	 hauteurs des andmomdtres sont trds diffdrentes d'une station A l'autre et 

sont au plus dgales A 10 m. Or on salt que le potentiel dolien ne devient intdressant
 
qu'a partir de 10 mitres.
 

- la position de certaines andmomdtres mal ddgagdees des obstacles environnants,
 
fausse parfois les r6sultats.
 

Le systdme de mesures actuel n'est donc pas adaptd a une dvaluation correcte du 
potentiel dolien qu'il tend nettement a sous-estimer. 

Quelques r~sultats dtablis a partir des donndes existants sont indiquds ci-apr~s 
* Mr Cheret (1), a partir des relevds des stations mdtdorologiques de l'Afrique 

de l'Ouest de 1951-1955 completes par une campagne spdcifique de mesures, a dressd la 
carte des isotaches annuelles du vent (FIG5). Dans le rapport de Mr Cheret on peut 
noter 	que les valeurs du coefficient de structure dnergdtique - ) trouvdes 
pour deux villes, Louga (Sdndgal) et Tillabery (Niger) se situen ur de 1,20.
 

Ce qui confirme que les moyennes relevdes tendent a sous-estimer le potentiel
 
dolien rdellement disponible. A partir de la carte des Isotaches on constate que les
 
rdgions intdressantes sont
 

- la zone au Nord de la latitude 150 

- une bande Gntlre de 30 a 70 km selon les pays 

Dans ces regions la vitesse moyenne annuelle du vent est supdrieure a 3 m/s, 
limite 	rationnelle de compdtitivitd de l'nergie dolienne.
 

Les regions les plus ventdes, sont donc la Mauritanie, les Iles du Cap-Vert, le
 
Nord du Sdndgal et le Nord du Mali, tandis que la Cute d'Ivoire, le Sud du Mali, le
 
Burkina Faso et le Bdnin sont peu vent~s.
 

. La figure 6 donne la repartition moyenne mensuelle pour 7 villes de la region
 
Les mois les plus ventds sont les mois de Janvier et Mai.
 
. La figure 7 compare la distribution annuelle des vitesses du vent dans une
 

ville sltude dans la region ventde (PraTa au Cap Vert) et dans une ville peu ventde
 
(Bobo-Oioulasso au Burkina Faso).
 

IV. 	 APPLICATIONS MAJEURES C L'ENERGIE EOLIENNE ET CHOIX TECHNOLOGIQUES 

La population de la region CEAO/CILSS est a plus de 70% rurale. Les applicatio
 
de l'nergie dolienne devront donc interesser prioritairement les zones rurales a
 
vocation agro-pastorale, non dlectrifides ou 
les besoins fondamentaux sont : 1'exhaur
 
de l'eau, la mouture du grain, la rdfrigdration et la production d'dlectricitd pour
 
dlffdrents usages.
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FIGURE 5 : Isotaches-de vent (Services Mdtdorol.oglques) 
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FIGURE 6 : Moyennes mensuelles de la vitesse des vents 
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4.1. L'EXHAUREDE L'EAU
 

Pour les pays de la region CEAO/CILSS dont la plupart sont en zones
 
ardes, la maTtrise de l'eau est une preoccupation fondamentale. Elle vise
 
a
mobiliser l'eau en quantitdet en qualitd suffisantes pour les besoins de
 

Vi'trrigation notamment de petits pdrim~tres maraichers, vivriers
 
et forestlers,
 

. l'allmentatlon en eau des homes
 

. l'abreuvement 
du btail
 

Aussi les problames d'exhaure de l'eau sont-ils aTgus. Ils sont actuel
lement r~solus essentiellement par I'utilisation,
 

. des pompes a motricitd humaine : Elles ont un coOt initial bas et
 
b~ndficient d'une bonne organisation de la maintenance ;
 
leurs inconvdnients : ndcessit6 d'un effort physique assur6 en g~ndral
 
par la population fWin.ine, pannes frdquentes, et surtout limitation,
 
des quantitds d'eau mobilisables (environ 8m3/j)
 

"
des motopompes diesel de coat initial relativement peu dlevd mais
 
pr~sentant d'importants inconvdnients : d~pendance dnergdtique,
 
lourdes charges recurrentes, faible fiabilitd, ndcessitd d'un
 
personnel qualifid, risques de rupture de pieces ddtachdes et
 
carburant etc. Cette solution est de plus en plus marginalisde.
 

"
des pompes solaires photovoltaTques : Cette solution 6l6gante est
 
de plus en plus utilisde. Elles sont fiables, a 
faibles charges
 
r~currentes, reposant sur l'utilisation d'une dnergie abondante
 
et gratuite comme '16nergie
dolienne. Elles presentent 1'inconvenient
 
majeur d'avoir un coOt initial trds dlevd hors de la portde des
 
populations rurales.
 

Les doliennes de pompage ont naturellement leur place a 
cotd des pompes

solaires qu'elles peuvent completer d'ailleurs, l'nergie solaire et l'nergie

doliennei'tant souvent compldmentaires. Quoique de maintenance plus exigeante
 
que les'pompes solaires, les doliennes de pompage presentent l'avantage d'avoir
 
un coOt initial bas et elles peuvent en outre 6tre fabriqudes localement.
 

Mats quels types d'doliennes conviennent au pompage dans la region ?
 

a/ 
 Les ressources en eau etleurs conditions d'exploitation
 

Les ressources en eau sont reparttes en deux categories
 
- les eaux de surfaces provenant des cours d'eaux perennes ou des
 

retenues rdalis~esau moyen de digues sur les cours dleau a icoulement temporairm
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Elles sont en gdndral destindes A l'irrigationLes hauteurs de relive
ment des eaux necessaires a l'irrigation A partir des eaux de surface sont
 
.en gGn~ral comprise entre 10 et 20 metres.
 

- les nappes souterraines qui peuvent Etre utilisees pour l'irrigation 
mais sont plus frequement utilisdespour l'allmentation en eau potable et 
l'abreuvement du bWtail. 

Elles sont exploitdes par puits et forages. Le niveau statique est
 
variable suivant la nature de la nappe et peu atteindre 100 m dans la region.
 

La carte de la FIG 8 donne les principales nappes de la region et les
 
niveaux statiques qui y sont observds.
 

En conclusion, pour r~pondre a 
la plupart des probldmes rencontrds,
 
le dispositif golien doit 6tre capable d'assurer l'exhaure de l'eau entre 10
 
et 100 metres.
 

Iidolt donc presenter un important couplede demarrage.
 

b - Les rotors approprids 

Le couple moteur developp6 par une dolienne s'exprime par
 
M K oO les grandeurs ont leur significatic 

classique 
Le rotor approprid doit donc posseder les caractdristiques suivantes 
- le coefficient de vitesse doit 6tre petit. C'est donc un rotor A 
vitesse lente qui convient
 

- ses performances doivent 6tre maximales pour les vitesses observdes
 
dans la region 3 - 5 m/s.
 

- Iidoit 6tre robuste et de faible entretien
 
- le transfert de technologie dolt Itre possible.
 

Essentiellement, deux types de capteurs doliens peuvent Itre retenus
 
FIG 9.
 

- Le rotor multipale a axe horizontal et a vitesse lente 

Les plus repandus sont ceux de fabrication amdricaine et hollandaise.
 
Ilbdndficie d'une trds longue experience. Ses principaux inconvenients
 
sont : chute rapide de rendement pour des vents forts ou de direction
 
rapidement variable ; ndcessitd d'un m~canisme de renvoi d'angle.
 
I est trds bien connu dans la rhqlon ou ila W introduit dans les
 
anndes 50.
 

*.oo/ .oo
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Continental terminal (CT) 5 - 80
 
Paldocdne (Pa) 10 - 30
 
Eocne (Eo) 10 - 30
* 

Maestrichien (Ma) 5 - 100
 
Schistes fissurs (sch) 10 - 30
 
Grds (Gr) 10 - 30 
Sables dunaires (sd) 10 - 50 
Socle cristallin (SO) 5 - 20 

FIG8 ESQUISSE GEOLOGIQUE ET PRINCIPALES NAPPES DE L'AFRIQUE OCCIDENTALE
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Le rotor a axe vertical de Savonius : De construction simple, il
 
ne pose pas de problame d'orientation. Son rendement est plus faible que celui
 
du rotor a axe horizontal mais reste bon pour des vents de direction rapidement
 
variable. Ilpeut en outre supporter des rafales de 30 m/s. Mals les experience!
 
d'intdgration de ce rotor en milieu rural, faites dans la rdgion notamment au
 
Senegal, ont dtd trds peu concluantes sur le plan de la fiabilit6.
 

c- . Choix de la pompe
 

Ce sont les pompes VoTumdtri.quesqui conviennent aux doliennes lente!
 
I1 existe dans la region plusieurs types de pompes Volum~triques motricit6
 
humaine bien int~grdes et b~ndficiait de structures d~centralisies et afficaces
 
de maintenance (FIG 10). Une voie d'investigation intdressante serait donc
 
d'adapter les rotors ioliens a
ces pompes d6ja connues et correctement exploitde
 
ou bien de concevoir des pompes de mmes structures m~caniques. Des expdriences
 
assez concluantes ont M faites avec des rotors multipales et savonius 'couple
 
A l'hydropompe Vergnet (2), (3).
 

d- Autre solution possible pour l'exhaure dolien
 

Pour les regions ventesioO l'on dispose d'une bonne fr~quence de
 
vents de vitesse superieure a 5 m/s on pourrait envisager de coupler m~caniqueme
 
une dolienne rapide (bipale ou tripale) A une pompe centrifuge. I1paraTt plus
 
intgressant dans ces cas, d'utlliser un adrogn~rateOr pour produire du courant
 
6lectrique. qui alimentera une pompe dlectrique.
 

e- Compdtivit dconomique de l'exhaure dolien
 

IlapparaTt d'aprds les rdfdrences (4)et (5)que
 
- pour l'irrigation de pdtits pdrimdtres de moins d'un ha, l'golienn
 

multipale de pompage est plus dconomique que le pompage Diesel pour des vitesses
 
de vent supdrieures a 3,5 m/s (FIG 11).
 

- le pompage dolien a partir d'un adrog~ndrateur est plus competitivo 
que le pompage Diesel et le pompage photovoltaTque pour des vitesses de vent 
supdrieures a 5 m/s (FIG 11). 

Ces rdsultats sont incomplets mais couvrent des cas d'applications
 
assez frequents.
 

f- Conclusions
 

Des produits doliens techniquement et dconomiquement performants
 
existent donc pour r6pondre A la plupart des probldmes d'exhaure de l'eau dans
 
la region.
 

La zone situde au Nord de H5e paralldle et les regions c6tidres
 
semblent Itre naturellement,privildgidesToutefois des experiences de pompage
 
dolie'. m~ndes dans des regions &priori 
 peu ventdes ont W trds concluantes.
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4.2. LA MOUTURE oU GRAIN
 

C'est une activiti qui n~cessite une importante d~pense d'6nergie
 

quotidienne de la part de la population fjninine. L'entrainement des meules
 

contrarotatives par une d6lienne lente est une solution possible et facile
 

a mettre en oeuvre. Cependant pour Itre pleinement utilisde l'eolienne doit
 

Itre polyvalente.
 

4.3. LA PRODUCTION DE FROID
 

La conservation de vaccins et de m~dicaments ainsi que de denrdes 

alimentaires (viandes et de poissons notamment) pose des probl~mes en milieu 

rural. On pourrait envisager une rifriggration dlectrique a partir d'un adro
gfndrateur, mais la solution la plus dconomique est I'entrainement m~canique 

direct en rotation d'un compresseur ouvert par une dolienne multipale, le 

stockage de froid se faisant sous forme de glace (6), (7). 

4.4. LA PRODUCTION D'ELECTRICITE
 

C'est la forme la plus noble de transformation de l'dnergie dolienne,
 

car l'llectricitd s'adapte a presque tous les usages : pompage, entraTnement
 

de moteurs, production de froid, dclairage, climatisation etc...
 

Devant entraTner des g~ndratrices dlectriques, les rotors doliens 

adaptds a la production d'dlectricit6 doivent 4tre a vitesse rapide. 

Oes deux rotors qui conviennent le mieux & cette application a savoir
 

(FIG 12) :
 

. rotor rapide bipale ou tripale a axe horizontal
 

. et rotor Darrieus a axe vertical,
 

le rotor Darrieus paraTt le mieux adaptd a une utilisation en milieu
 

rural a cause de sa simpllcitf, sa robustesse, sa faible sensibilitd aux varia
 

tions du vent.
 

Mais sa courbe de rendement est nettement moins favorable et le ratic
 

puissance/poids d'un a~rogindrateur Darrieus est plus faible que celui d'un
 

adroggndrateur & axe horizontal.
 

Seuls-. le Norddu Sfnigal, la Mauritanie et le Cap Vert poss~dent un
 

potentiel 6ollen justifiant Pexploitation systdmatique d'adrogdndrateursdans
 

des conditions techniques et dconomiques rationnelles. Toutefois dans le reste
 

de la bande cotidre, des adrogdndrateurs de petite puissance produisant du
 

courant continu pour des usages spdcifiques peuvent 4tre intdressants.
 



Xrz 

• , _.. _.-_ __._
 

_ _ .',,Fu,;,4'ed4 

FIG 12
l;,;ist-
v tird de 11
 

j FI 1
 

eA/ VC 

IVg OAn 

7T 



- 21
 

V - EXPERIENCES REGIONALES DANS L'UTILISATION DE L'ENERGIE EOLIENNE 

La region CEAO/CILSS a surtout connu beaucoup de tentatives d'implan
tation d'6oliennes de pompage.
 

Dans les anndes 50, l'administration coloniale a install 
 dans le
 
Nord du Mali notamment dans la rdgion de GAO des doliennes de pompage ".Aermotor."
 
et "Came" pour les besoins de l'hydraulique pastorale. L'echec de cette experience

rdsulte essentiellement du manque d'une organisation rationnelle de la maintenance.
 

Avec la grande s~cheresse des ann~es 70, beaucoup de projets doliens
 
ont 6t6 rdalisds, notamment au Sgndgal au Burkina Faso et au Mali. Tras peu ont
 
rdussi par d~faut d'adaptation du matdriel utilisd aux conditions locales et surtout
 
par d~faut de mise en place d'une structure de maintenance post-projet.
 

Une mention spdciale doit Itre faite aux lies du Cap-Vert oO l'utili
sation des 6oliennes de pompage est gdndralisde. On y d~nombre des centaines
 
d'doliennes de pompage. Les probl~mes rencontris sont : corrosion du matdriel,
 
probl~me de rupture de tige et resonnance, inadaptation au rigime local du vent etc.
 

Les doliennes Savonius de pompage ont soulov6 beaucoup d'espoir A
 
cause de leur rusticitd et de leur adaptation aux faibles vents. Mais les experience

tentdes dans 13 villages dont 3 au Burkina Faso et 10 au Sdndgal ont montrd que
 
beaucoup d'ameliorations restent A faire pour les rendre fiables.
 

Les experiences d'adrogdndrateurs sont trds limitds (Sgndgal, Cap-Vert

Mauritanie essentiellement). On peut citer comme exemple, le projet de rdalisation
 
de deux adrogdndrateurs de 55 Kw coupls sur le rdseau dlectrique de PraTa au
 
Cap-Vert (1984).
 

En matidre de recherche-ddveloppement les experiences les plus intd
ressantes sont
 

* le d~veloppement par le Laboratoire d'Energie Solaire (LESO) du
 
Mali d'une gammne d'oliennes multipales de pompage adaptdes aux conditions locales
 
avec l'assistance technique et financi6re de l'USAID ( 3 ) 
 . Une trentaine
 
d' oliennes "LESO" sont actuellem nt op rationnelles sur sites.
 

• le couplage du rotor savonius avec 1'hydropompe Vergnet a I'IUT de 
DAKAR et au CIEH de Ouagadougou ( 2 ) 

* le d~veloppement de plusieurs moddles de rotor Savonius A l'IUT de
 
Dakar.
 

" 
le d~veloppement d'un rotor mixte Savonius-Darrius pour la produc
tion d'dlectricit6 a l'IUT de DAKAR ( 8 ). 

La. fabrication: locale d'dollennes est encore trds peu structurde$.
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Deux lecons essentielles se d~gagent de ces experiences 

1. le succds des projets exige la mise en placz d'actions d'accompa
gnements 
: structure de maintenance, formation, 6valuation-corrections.
 

2. il ne faut retenir qua des produits doliens technologiquement
 
mOrs, de fabrication industrielle, testds et b~ndficiant d'une experience d'utilisa
tion susbstantielle.
 

VI- PROGRAMMES REGIONAUX" D'ACTIONS
 

Le Centre Rdgional d'Energie Solaire a'dlabord en 1986 un programme

regional d'iquipements en 6nergies renouvelables visant a gndraliser l'utilisation
 
des technologies d'6nergies renouvelables dans les secteurs prioritaires du ddvdlop
pement : hydraulique, sante, 4ducation-culture, tdldcommunications.Ce programme est
 
preponderance solaire et surtout solaire photovoltaTque.(12)..
 

Le ddveloppement de l'dnergie 6olienne n'est pas apparue comme priori
taire dtant donnd que trds peu de projets 6oliens ont dtg inscrits au titre de ce
 
programme rigional. Toutefois pratiquement tous les dtats ont inscrit l'valuation
 
du gisement dolien dans les actions d'accompagnement du programme.
 

Les projets doliens retenus dans le Prograe Rdgional sont

i 

- Pour tous les itats : Evaluation du potentiel dolien. CoOt approxi
matif = 400"000 USD 

- CAP-VERT : Installation sur cinq ans de 95 dolidnnes de pompage et de 
51 adrogdndrateurs pour les secteurs de l'hydraulique, dducation et 
sante. CoOt approximatif - 4 000 000 USD/5 ans 

- Mali : Installation sur 10 ans de 400 doli:nnesde pompage. CoOt ap
proximatif = 8 000 000 USD/10 ans 

Un autre programme a caractdre regional et digne d'intdrdt est le proje
Canadien intitul : "Utillsation de l'nergie dollenne pour l'exhaure d'eau au Sahel" 
pilotd par l'universitd de Waterloo au Canada et qui int~rdsse le Niger, le Mali et I 
Burkina-Faso. IIcomporte deux phases 

- une phase pilote (1987-1991) visant a maitriser tous les aspects

techniques, organisationnels et soclaux de l'integration de l'nergie dolienne au
 
Sahel.dssentlellement les doliennes de pompage .(9).
 

- ladeuxiae phase est la phase de vulgarisation a raison de 100 uniLx 
d6liennes de pompage par an. Le coot do projet a dtd estlmd a environ 750 000 USD.
 

Les 6valuations de la phase I paraissent concluantes.(10).
 

http:tdldcommunications.Ce
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VII - CONCLUSIONS
 

Une sous-dvaluation du potentiel dolien et l'effet nWfaste de nom
breuses experiences negatives ont sans doute freind le d~veloppement de l'utilisa
tion de 1'Energie dolienne dans la rdgion CEAO/CILSS.
 

Mais un programme regional basd sur des actions d'accompagnement ap
proprides visant a maitriser tous les aspects de la technologie, dolt pouvoir per
mettre a l'nergie dolienne de trouver une place de choix dans le d6veloppement ru
ral des pays de la r6gion CEAO/CILSS.
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CREATION WIND EERGY DEVELOPMENT ORGANIZATION
 
-A STEP TOWARDS ECONOMICAL SOLUTION M OUR
 

ENERGY PRO$LEMS 

L INTRODUCTION
 

1.1 WAPDA and KESC have the responsibility of Development 

and Distribution of Power in the country. Owing to the factors 

beyond their control the gap between generation and the total 

national requirement of power has widened during the past years,

the adverse effects of which are now 	 being felt in every sphere 

of our life. The present easy approach to base the -solution of 

energy crises in the installation of more Thermal Power Stations 

is no doubt the only course 1.f t to check the widening gap be

tween supply and demand of power but this will add to our finan

cial miseries. As a result the energy tarrif which is already 

very high is bound to shoot up further which will not only multi

ply the difficulties of the common man but will also make our
 

agricultural and industrial products incompetitive in the world 

market resulting in big set backs to our foreign exchange earn

ings.
 

1.2 	 In the past all along our efforts have been confined to 

means of power generation.the Development cl Thermal and Hydel 

no effort was under taken to explore the possibility ofSome how 

harnessing Wind Energy to produce cheap Electricity in Pakistan. 

available wind potentialI therefore venture to highlight the 

with the hope for its exploitation. Before going on to the actual 

subject it is appropriate to state statistically the prevelent 

energy situation alongwith the future 	energy forecast.
 



Generation capacity of WARDA & KESC='. 7179' MW 
(in the . year 198-89") 

Total Energy generated by WAPDA'& 
4KESC :C1998-W; 

- ja3413. Miul'ion 
KWH or Million 
Units. 

rTotal energy 
(±988-83 

sold fram WAPDA & KESC- "'Z -.Million 
K'H Units. 

- Required generation capacity in W 17157 MW 
1999-2000. 

Energy required to be generated in = 94227 KWH 
the year 1999-2000. 

Expected sale of energy in W 73335 Million
 
1999-2000. 
 Units
 

1.3. It is evident from the above figures that a tar4et of
 

17157 MW in generating capacity in the year 1999-2000 will have
 

to be'achieved within the next 10 .years adding at least 1000 MW 

to the system annually.
 

2.0 JUSTTFTCATTON OF WI ENERGY DEVELOPMENT. 

2.1 To over come the anticipated energy crisis partially#
 

our energy planners had eyes on the proposed 2400 MW. Kala Bagh
 

Hydra Electric Project which has been made a controvercial issue. 

Presently with the exception of a 1000 MW Shazi-Sharial Project 

which is to come up in 1997, there is'nt any substantial addition 

to the existing hydel potential. Even if the controvercy an Kala 

Bagh gets resolved, this project cannot come up before.1997 and 

that too if a decision to go ahead with that project gets
 

through before the end of 1989. Shasha, if every thing goes well
 

will materialize in the year 2004. Similarly other Hydra electric'
 

schemes such as Neelam-Jehlum--chala Hydra-Electric project and 

uddu and Rohri, the low-head Hydel Projects are
Taunsa, Jinnah, 


2
 



stage and may take more.than a decade eforestill in a fluid 


Tarbela
coming to reality. About the provision of more units at 


is no doubt that the existing Installed capacity will be
there 


it is doubted that they will augment the system
increased but 


with an additional power in commensurate with the capital outlay
 

on them. Of course these will contribute effectively if Kala Bagh 

Thus the bulk of energy proposed to be
Project materialises. 


gas

generated is by 	Thermal means, mainly by using coal, oil and 


as the fuels. 

2.2 	 It has been calculated that in 1986-97* WAPDA and KESC 

Million on the purchase of fuel (about 80% being
spent Rs. 6194 

gas) to generate 12960 M.KWH (Million Units) of energy from 

Thermal Power Stations. 

2.;. With the installation of more Thermal Power Stations,
 

1986-87

if we continue using gas with the fuel ratio of the year 


there is strong possibility of

in the coming years as well, 


our gas reserves in less than the anticipated period
depletion of 

The coal of Lakhra being
which will be suicidal for the nation. 

contents is not
of a low caiorific value and with large sulpher 

up as a very welcomed economical proposition. Hence if we
coming 

all the
industrial uses
keep our gas reserves intact for other 

they be in public sector as they
Thermal Stations whether 

function on
are* or be in private sector will have to'presently 

imported oil or 	coal. In that case we will have to live with ever 

increasing foreign indebtness.
 

S - Figure for 1987-88 and 1988-89 of KESC were not 

available.
 



3.1 

2.4. In order to effectively supplement the existing efforts 

to cope up with the future energy requirements besides arresting 

the ever inflating foreign indebtness we must concentrate to 

exploit every thing under our skies to get a watt of electricity 

for our system. Wind energy being a potent renewable energy 

source is in abundance in our coastal areas encompassing about 

200800 sq. K.M of Sind and Baluchistan. 1f exploited in right 

earnest it can offset major blocks of electricity produced 

through expensive thermal means. Unllke'Hydel generation# Wind 

Turbines can be installed within a very short' time. In fact this 

is *the only source of energj which is capable of fulfilling our 

immediate power requirements. 

FACTORS WHICH gBSTRUCTED T_. DEVELOPH gEk NNT 

In order to examine the exploitation of Wind potential 

the. basic input is the wind velocity data of different places. 

The only agency known for collecting Wind data in the country is 

Meteorological Department. The Wind daia collected by Met. Dept. 

at Karachi, Chhor and Ormara - the maximum wind stations as per 

the record of Met. Dept# has been tabulated below. This was 

recorded at heights between 6 to 10 meters above ground level 

(Annex.An, A2, A3) 

4
 

http:Annex.An


KARACHI CHHORE ORMARA 
(IIAURIPUR) 

miles/ miles 	 Knot/ 
Hour. Hour. 	 Hour.
 

JANs 	 5.0 3.8 4.8 
•FEBs 	 4.0 3.5 6.9 
MAR: 6.5 4.5 9.5 
APR: 7.6 5.7 12.0 
MAY: 9.5 9.2 13. 
-JUNE: 12.1 11.5 11.5 
JULY: 11.1 11.3 10.5 
-AUG: 	 10.7 9.5 10.3 
SEP3 7.2 7.2 I1.0 
OCTs 5.1 4.0 8.4 
NOV-. 4.2 2.4 4.8 
DEC: 4.5 2.7 4.14 

3.2 The cut-in Wind speed required for most o4 the Wind 

Turbine Generators in the past was about 7 miles/hour, while 

the wind speed for rated output used to be over 14.5 miles/hour. 

An analysis of the above data indicates that an average Wind
 

speed of 7 miles/hours or more prevails for at least 50% time in
 

a year at Karachi and a wind speed of 14.5 miles/hour or more is
 

generally non-existant there. Therefore no wind energy develop

ment programe in the past was found feasible for power genera

tion.
 
The important factor which used to be neglected in this
 

respect was that the Westerlies encounter lot of obstructions 

before hitting the observatory buildings situated in towns and 

therefore their recorded impact is much weaker. Further the
 

recording of the data of Meteorological Department has been done 

at lower heights (6" meters to 10 meters above ground level) where 

the winds remain weak. Thus the above "data does not offer the 

true figures of the available wind potential. It rather reflects 

the wind pattern prevalent in a particular area. 



3.3 Some individual efforts were made to install/fabricate 

the wind turbines but these did not make any headway either. So 

all the failures from time to time in the past have somehow been 

instrumental in creating the impression that there is no 

sufficient wind potential to Justify the installation of wind 

turbiens in Pakistan. This view is now practically obstructing
 

the way for a fresh reappraisal of the whole situation.
 

3.4 In order to counter the earlier apprehensions about the 

vaibility of Wind Energy Projects a.better view of the Wind 

Velocity Data is now at hand. Also such Wind Turbines are now 

available 	whose technical characteristics are compatible with our
 

Wind Data. But before going on to that subject it is appropriate 

to lay bare the International yiews on the wind potential in our 

area and thr ugency of its early development. 

4.0 	 INTERNATIONAL ASSESSMENT WIND POTENTIAL, tN_ 

PAKISTAN AND THE IMPORTANCE Z ITS DEVELOPMENT. 

4.1 The Wind Energy Development, has of late emerged as a 

vital economic & abundant source of energy on the world scene. A 

recent article appearing in the U.N. Development Forums (Annex-B) 

has spelled out the need to tap this source. A summary of the 

important 	points is highlighted below:- •
 

01. The 	U.S. Department of Energy and the World Bank
 

have recently completed a comprehensive study
 

identifying a set of 13 developing nations (Jor

dan, India, Pakistan, China, Mauritgnia-, Morocco, 

Chile, Sri Lanka, Jamica, Syria, Yemen P.D.R.,
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Ramania and Tanzania), that have the greatest 

potential for economic commercial wind energy 

development. 

2. 	 BuJerat one of the most intensively industrialised
 

states in Zndia, is besieged by power shortages
 

and the state government -is betting heavily on 

windpower to provide clean, cost effective, 

elecirical power for the future. A model 

windfarm 'has been operational since January 

1986, and the state electricity board is develop

ing a policy, of Energy Banking. This concept 

allows an industhtalist who consumes power to set 

up a 	windfarm within the state and feed power into
 

the grid. A record is kept of th4 amount of power 

-the industrial unit consumes which is offset by 

the amount of power the windfarm generates. 

3. 	 Wind turbine manufacturers are stretching the 

tower heights to as high as 48.8 meters to take 

advantage of as much as 30 percent more power 

which translates into revenue at the increased hub 

height. One wind turbine mandfacturer is designing 

a 97.5 meter high tower further to maximise the 

potential of the wind resource at positive shear 

wind 	sites.
 

4. 	 The 25 KW average size wind turbines used at the 

beginning of the decade are now creeping into the 

$ 



•200 4KWrange and the- cost per kilowatt has plum

meted from $3,000 to less than 1,000. 

5. 	 In the 1990s it is forecast that OPEC will be 

producing at 66 percent of its capacity vursus So 

percent today$ resulting in spiralling oi% prices. 

The oil importing developing countries, hcwever, 

will 	not be able to withstand a stiff increase 
 in 

oil prices. If many Third World oil. importing 

nations cannot service their debt with the current 

depressed oil prices ind low interest rates, what 

will 	happen when 
oil prices and interest rates
 

skyrocket in the 1990s?
 

6. 	 Wind and other Irenewable energy sources may soon 

become top priorities for developing countries as
 

they confront 
 the 	'double edged problems of
 

expensive fossil fuel imports and increased energy 

demands. The future demand for windpower in these 

countries could 
 promise great long-term
 

potential and rapid growth exceeding that demon

strated in California during the early igeos". 

IL AVALLE egiDIjZIN PAKISTAN. 

al. Sane efforts were made in Sixties to exploit Wind 

Energy. As a first step WAPDA CWater Wing) installed six pilot 

Wind Mills, gifted by Australian Government under Colombo Plans 

for pumping water near Makran coast and in Lower Sind at the 

following places (Location map. Annexure-C). 

S
 



5.2 

1. 'oth Fatah Mohammau I Baluchistan 
2. Khurkhera 
 ' Province
 
3. Sakrani!
 

4. Kallekhore 
 Sind
 
5, Jhangri 
 I Province. 
6. Thano Ahmad Khan 
 I 

The 'main consideration for selection af these sites was 

the availability of potable sub-soil water close to the 

habitations. All these wind mills were provided with 
instruments
 

to record wind velocities. The height of the 
 anasmometers. was
 

kept at 10 to 15 meters.'The following table and 
 its graphical
 

presentation Annex-D 
shows the wind speed recorded by WAPDA at 

these six stations. In addition,, the Wind Data of Karachi (Drig 

Road Air Base Observatory) with very encouraging results collect

ed recently from Meteorological Department' is also being tabulat

ed in the last column here (Annwx-ElI E2, E3). 

0oth Khur- •Sak- Thano 
 Jhan- Kall- Kara-

Fatah Khera rani 
 A.' gri ekhor chi
Mohd. Khan (Drig 

Road)
Miles/ Miles/ Miles/ Miles/ MilesI Miles/ Miles
Hour. Hour. Hour. 4our. Hour. Hour. Hour. 

JAN:s3.8 6.6 3.9 6.8 6.9 7.0
FEB: 4.8 6.6 4.9 8.6 7.2 

7.59 
7.1 7.47

MAR: 6.0 8.5 6.8 
 11.0 9.9 
 8.5 9.31
APR: 5.6 9.6 9.5 12.2 12.7 9.2 11.50MAY: 6.4 10.7 11.8 '145 14.8 10.8 14.95
JUNs 7.2 12.4 13.5 
 18.1 19.5 12.4 16.56JUL: 10.3 13.1 13.9 11.7 19.9 14.5 6.90
AUGs 9.4 12.7 14.9 17.3 17.7 13.7 5.52
SEP: '8.1 10.0 11.5 15. 1 114.2 10.04 4.14 
OCT: 6.4 7.9 6.4 8.8 9.0 7.8 6.90.NOV: 5.1 6.0 3.1 :6.5 6.4 6.0 6.30
DEC: 2.7 6.2 2.3 .2 .6.4 6.0 5.7 

Against the availability of winds with the above veloc

ities; the cut, in wind speed requirements of most of the 
latest
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model Wind Turbines is 4.3. miles per hour s while the wind speed 

requirement for the rated fromout put is 14.6 miles per hour and 

onwards. Wind Turbine characteristics 'of some of the models as 

depicted in the Wind Data Book 1987 arm attached as Annex-F-1 

to F-17. 

From a careful examination of the above wind data and 

the characteristics of different Wind Turbines particularly those 

at Annex F2, F3, F, F7 & FS, it is abundently clear that the
 

Wind Turbines if installed at suitable locations in the costal 

areas of Pakistan will be able to function at their rated genera

tinn capacity for at least 42% time of the year; Here isit 

appropriate 
to point out that the firm generating capability of
 

our Hydel Stations has never been more than 40% of their ratings.
 

Annex F1 depicts the characteristics of wind turbine which gener

ates heat only, while Annex F4. F3, F9 to F17 are 
attached to
 

show the different ratings alongwith sizes of blade diameter 
in
 

which the wind turbines are available.
 

Computerisation of Wind Turbines has made 
it possible
 

to identify the faults, to synchronise the turbines with the
 

system and to switch it off, in case the wind is very hostile or 

is below the cut off strength. A news item about Wind Turbine 

installed with computer controls in Barbados appeared in U.N's
 

Development Forum (Annex-G) is produced to show that it 
is no
 

longer a technical fantasy. 

CAPTAL COMPARISON 

6.1 Investing in wind is essential in our efforts to reduce 

national dependence. on foreign oil, and also saveto our gas 

reserves. The capital cost of each turbine is to beestimated 
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recovered within three to four years with the prevailing energy 
cost. The turnkey cost at wind Turbines has come down considera
bly and 
according to UN Development forum it Is less 
 than USs 
1000 per KW, and as per M/s. R.Lynette & Associates Washington 

USA, the World renound consultants on wind energy (Annexure-H) 
the wind turbine costs 'are expected to be US* 500 to 600 per KW 
with turn 
 key system from 1700 to $850 per KW which means Rs 
14000 to 1780 KW Cassuiming 1US$ & Rs. 21.00). 

6.2. In contrast the estimated 
per"KW cast of Kalabagh and 
Bhasha Hydel Projects as worked out by the Consultants 
three
 
years back are Rs. 25,071 and Rs. 28,413 per KW respectively. The
 
proposed Neelam-Jehlum Hydra Electric Power Project having. maxi
mum capab.lity of 1000 M.W in Azad Kashmir is to cost 15 Billion
 
Rdpees. It has already been pointed out that the firm generation
 

capability 
of our hydel 'system Is never more than 40% of their
 
installed 
capacity. 
When we take this factor into the
account 


capital oulay 
 on the Hydel Stations As not the one which is
 
normally protrayed. Hence the case of wind 
generated energy as
 
compared to 
Hydel means in terms of capital cutlay and the annual 
capability of generation fares .very well and is therefore "Justi

fied. 

6.3. 
 At the prevailing international rates, a 200 KU wind
 
Turbine 
can be installed at a cost of Rs 2.8 Million. 
With the
 
mast 
passimistic assumption of wind availability for 40 
percent
 

time of the year, when the turbine efficiency is 100 percent the 
units generated work out to be 700800 and for the rest of 60% 
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time of the year assuming the turbine efficiency on the average 

to be 50*1, the generated units works out to be 525600. This means
 

besides off-setting over 1200000 units produced through expensive
 

thermal means, we will be in a position to save imported fuel
 

amounting Rs. 6,74,520 annually at the FAC rate of 55 paisas per
 

unit which is expected 'to shoot up with the addition of more
 

thermal units. The best part of all this is that wind is an abun

dant and unlimited source'of energy and our biggest load centre 

Karachi is exposed to very fast and at times violent wind thrusts 

which offers bright prospects for wind generated electricity.
 

7.0 RELEVANC.7, E INDIAN RM~ ENERGX PFJC MMf PERIIQO
gZ FEASTETLT REOT 

Being adjacent -to the coastal belt of GuJrat and 

baharashter states of India the weather patt rn of coastal areas 

of Pakistan is more or less similar to the one prevailing in that 

part of India. The wind turbines are functioning there- satisfac

torily since 1986. Therefore there should be no difficulty in the 

operation of Wind Turbines if installed along the Sind and Nakran 

Coast in Pakistan. 

8.1 Notwithstanding the above passing observations I am
 

conscious of the fact that in today's high risk environment, 

there is no room for costly mistakes. What is needed is expert 

consideration of both the technical and financial aspects of any 

project. Therefore the first step towards our goal of exploiting 

Wind Energy has to be the preparation of an unbaised feasibility 

report. For which a comprehensive data of the dependable. wind
 

speed at different locations of strong wind area is required. 



8. 2 Unfortunately the only data available today in Pakistan 

is the one collected by ieteorological department which besides 

being unreliable is too insufficient for 6ur purposes. It has 

already been stated above that the wind.. speeds recorded by 

meteorological department a.xe collected from the instruments 

installed at a maximum height of 10 meters above ground level
 

where the wind speeds are comparatively low and are not
 

compatible .with the rated wind speeds of most. of the Wind 

Turbines. The winds blowing at higher altitudes are however much 

faster. Therefore Wind velocity data of winds at higher altitudes 

will have to be collected to determine the optimum hub level of 

the Wind Turbine for maximum eificiency at qvery'location.
 

8.3 For this purpose it is proposed to erect 150 -to 200 ft. 

high structures at about 100 locations spread over *an area of 

2,00,000 Sq. Em having strong winds in the Provinces of Sind & 

Baluchistan. The wind speed recording instruments (self 

recording) should then be installed at an interval of every 25 

ft. heit on each structure. The wind data thus collected for 

two Years can form the basis of our feasibillty report. 

9.1 It is therefore strongly pleaded in the supreme 

National interest that Authority should take a decision to 

exploit the available Wind Potential in Pakistan without any 

further delay and order for the creation of a Wind Energy 

Development Project under the direct supervision of Chairman, 

WAPDA. If it is left to the mercy of a worked out or an ill

conceived personality it is likely to fizz2le out in infancy as 

has been thecase of Biogas Project in the past. The current 



exercise by National Institute of Power for Wind Energy Develop

ment has also met with initial failures and is likely to end up 

in fiasco solely because of ill-conceived, incompetent management. 

9 It is further suggested that Authority may depute the9.2 


designated Project Director alongwith some Senior Engineers for a 

month or so to U.S.A, Europe and India (states of Haharashter and 

GuJrat)to have an insight into their working approach, their 

organimat onal set up and to know the functional difficulties. On 

the basis of their observations and knovledge, a report may then 

be submitted for the approval of Auth6rity about the proposed 

organization, the requirement of the staff, the financial 

implications et . In this context perusil of last para of 

Annexure °D/2' is relevant.
 

10.1 Initially this project is to function in the Provinces 

of Sind and Baluchistan in public sector but eventually private 

investors are likely to come up which when fully operational will 

help liberate to an appreciable extent the lot of agricultural, 

Induztrial and the domestic consumers of Electricity from the 

obligatory control of WAPDA or UESC. Therefore besides its 

benefits to off-set major blocks of electricity produced through 

expensive thermal means thereby improving the overall national 

economy, it can be very rightly projected as a public welfare 

oriented programme of the Government. It will not only open up 

new Jobs for different types of personal at all levels, but will 

ultimately help establish Wind Turbine manufacturing units in the 

country with enormous socio-economic benefits accuring -herefrom. 



The Goirnment thus can rightly boast for initiating a modern 

programme for the people.. 

"ILA FINANCNG 

Ii is hoped that funds will pose no problem. If these 

are not aiailable from our own cash foreign exchange -resources 

then 	it is hoped that the kio-n International Financing 'Agencies 

will be ready to cooperate with us. United State Agency for 

International Development (US-AID) has already included the
 

Development of Wind Power System in its Programme for assisting
 

the Developing Nations. (Page-15 Annex-J)
 

1"2.0 RECOMHENDATIONS
 

a) 	 Wind Energy Development Project for the Develop
ment of Wind Energy to produce Electricity in 
Pakistan may be created with immediate effect to 
function under the'supervision of Chairman WAPDA. 

b) 	 Technical sanction to set up 100 observation posts 
each of 200 ft. high with 4 .anemoneters-self 
recording on each post may be accorded. 

c) 	"Initially a revolving fund of One Hillion Rupees 
be made available for this roject to meet the 
expenditure on salaries, office contingencies. 
TA/DA etc. 

I am confident that a positive decision to embark on
 

the development of Wind Energy will go a long way in our history 

as a major step towards our economic emancipation without which
 

our political freedom has often been threatened.
 

w Director Po ." 

With 	Member Power (WAPPA)

735 - Wapda House, Lahore. 
Ph. 305631/69911 Ext. 542
 

AA~~3-837 
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ANNEXURE-B. "
 

could be produced from the 

wen..unc, a,.cce atanceW idpower -- an. endlss.resource 
Ipush Britain ard other E' k~j•" 


PILIP C. CRUVER "unrlts o from the testsreh adL CE development phase Into the 

r IW HAT Is the future for Ahenoilp.icesa2rintermtart*s *lnd turb;ne manulacturer Slorm$ or hurricanes produce ten sllia. e h 

........ ... .ndper,h thewold srocke 1In the , ! . artstretchlngshelowerheights winds exceeding the deslgn The U.S. Department ofeo 
* *tS-.' r" " mrkets are Awash with low. si'ndand other renewable toas high as I.$ metres to take leads. " and the tofid isok 

pricedoil! Eatrmely promising energy sources ma .soon advantage of as much as 30 ia- The success of wlndpower In have recently completed 
"'"" - th.r...- maost energy planners become top priorites for cent more pow-er which Cliri hs influenced t i reeiv Sd iden ingsince 

1 .J . recognisethatthe oilglutlsonly developing counuies as ihcy Irnslates Into revenue as the ercrtvpoicyofddslon-rsaers aseso vtaunh 
- temporary situation, confront he double-edged Increased hub height. in many countries that possess appear to 1-e tIntsnlll for the 

The etchnologies that have. problemoftx iive oti fuel Te tal lowelrconcept ha strong %ind energy resouris. 
course, -rInd energy resources.dereloped over ihepast decade Imports and increased energy another advantage:, good Cest is. of the major economcaltrloturior oafasa ir"".. 


"re aft"rlpforusethroughout both dvm brnd.Thefuturdemandfor windpark sites can be more conslderalon. According to I eomple'nent to tfir t_sing 
the Indusirialised and wind/ er In these countries densely packed ith staggered report )'the CatilorrilalnErir conventional electric power 

. "".' ... developing regions. As the could promise grealong.term Commission. wrindpower at systems.Theltial phaseorthe
fastest growing sou'rce of potenslialand rapid growth USSc per Kwh. in 1 dollars, tudy anal%-srailable data 
renewable energy, the exceedingtht demonstratedIn The cnvihonsehll Isone of thelowest cost options tonscen;n boLh the rldlnd 
tconomlcsandreciencies of the Californ adurIng the arly I . Impact of conventional for new electrical gtnerutioi rtourcs and electricail 
technology have produced Theulndpcserbuslnessinthe tlectrical" ncigy power caracit,. ltscoltiscompetl tive grnnilnnn data for ,ll 
cor";---dmendblercstJI.The25 k% U.S. has demonstrated th- with that of oil and IS deel.hunt leotmsiworldwide 
averageslhe mindturblncs used eXiSsinC tCchnology can be -sources Is under eatreine substantiallh below the C o-f and" Identified 1] nations 
at the beginning of the-dcc.de profitable and has greut growth. nuclear paror. #JorJn.India. Paksn. China. 

- arenow creepinglngothe20kV j.otentlal. the development become strictly ecoloorcol are .l.itataof mose conrns t 1ut cco. Chile. Sri 
"range and Ihr cost per kilowatt excess capacily on rxistIn regulatcd in the futurc. IncreasinCh importanl aS ell. Lanka. Jamaica. Svria. 'emen 
hs plummeted from 33.071 to ul;liy contracts with additions Earbon diatidt frm fossl The beausy'ofmirdpoA er |sihsl P.D.It..Renn],Sn" Tanuni 

4- .- Over S.m0"ind new- *Ind turbin.s. and rt-ro- moern winmills do addoa Ih hbte the r.i.mlast potential|than $1.000. ie e 
turbines installed in California fillingexisting mind lurbines fuel combustion Is the then i d 
- i.r tl"ie encthe erma pollution Ofthe ear t for economic commercil wind 

- cartcillprks hve atota n H aoc rsctrn er ancmentes 16s. source of global as do all fossil fuels and nuclear enecgv development. 
_ ;genertl oLer mi.bill an are -olcl m tht nd ortn vming. .litious oxide plants. The environmental Gujerxt.. one 0! the most 

retrated e 1.1bilton kwh of growing arket and continuin .hom coal combustion also irct of conventonal electrical In!In!h lfhsL'1-isRd s13ttl 
, tlecrlclly In I11 which technological Improvements. m core I elec In ist!se 

represents I per cent of the This translates Into less contributes tornltsIt esex"tr cmtinytoday'lnd-'lif shortages 3.ivdthe'- st Ie11Ti the e-e~c power sources Is under Ina. is besieged by ponrr 

tate'scomump:ion. or enough e.ersive start-up Investments depiction of the oone e¢mr mrne sly rCutacdll gtrail ge a t g sbtViaoe 
•.- -Cr to acommodate 2SO.x for developing countries whlch ber.eoculdisvt-Inertu rINC tr io pr;er cle n.

oimes. decide to tap their minds. l .ft-t!lectve. electrical po-er
Ithe M iis forecast that The feniv dei---' Sna m foris thed future. mod* '--a ~~ ~ ~ c'o~-. Soa Dansh wnd trbin rrinu- fotr te fu trA mod-el

OP"EC willbe Frcducinga Soper j~nergy fe.'earch Instlul.e short and tail tower -Ind la,,tcrs Ore prormollng the lndfsrf has been olio.'lcentofitscapaclyvc susVpr ISr-fl Iarloil theoretically turbines for optimal use o! she benefits of wind encrgy for indr as e e tate 
cent today. resulling In promises to Increase power property. One wind turbine European utilities. Denmark lectriciti, l.rdU developing asp Ill;|ngoilprices. The all. Olut f'"or lwnd sites. SEM malnulicturtr h deslining: a r.S currently has the largest single polic!,of Energy-Pl~nkihg. This 

Advance-s arndpoelrare hoighihh furher• I, wlndpowcr technologs' In industrialised importing de-doing countries., claims that aircraft airfoil metre towerIa furtThts mst11is for otutide i . 
countries hszt greatly Improved ihe eompctilcness of ho-verr, will not be able I no soited for stall-repitlsed mazimise the potential of the Calilrn;: approXImatelyV3 conpsuawl an ltoustua 
thMs renew'alble tnLg source. The comparative wilhslnd a stif1|nCfr:e in oil tr blades. andthe nwfa mi wind esourtctpositiveshear% pcrcentof tuo '$I ndporer whndstn within lhe stte 2"d 

i-va.ntages of mlndpovirbot economic and ecological. prices. IfmaT dWorld oil- of iIle|Is will Increase wind sites. These towers alto espchyIsinstalledtherewil fred po-er into the grid. A 
empatnnnairs cannot srrpnu produclon and reduce loads. Allw for eas er mainlennce of the caunir.- accounts for 0* e 

haverbtset Incrtsngy.leir Ifsentrepreneurs We7pnd dt oilh ihe cu en Th scouldleaddlrecUytllwcr wind turbines andca.nbeuseedto per cenl o the oltal pawer ecor the duial nt
 
Igovcrsnta,-ts In both Indtrialist! and dev'eloping depressed and loa m actIcs consumed. 1sh esdmaled tlhat2 Indusrial~nufacluri secure the machine inOverseas tuniandmainaance the 
regions inteet rates.hait will happen costs. " regions whtre seasonable per c"nl Of Brialm'S tlectrctldlY CnW. OnI ere 
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O eW ind ower ,..
Coa tdflMh poset bh 
: 

Comsun1 which IsOffset by [heamount of power the wind armgenerates. 

US AID has financed thedevelopment ofa one megawatwindarm at(11S Garebnear theRed.Sea. The Egyptian Ministryof Defence is jesting a onemegawatt wind/diesel systemnear the Libyan b;order. " 
Jordan has a $.3 Plillion jointlechnologY transfer programme
with the California EnergyCommission that' calls forcontructlon of 2 $4 mWionwind 

* manufacturers with proventrack records are currently 
, licensing their design toestablished manacturers pln
various countries. 
Deveopern Forum. 

Ilan[ representing 2sturbines IJordan and. soo,0.®o tomonitoring equipment."" As the internationl i6rkedevelops, and as In-counlr]
demonstration projects prove
-the Ceost-effectivenesseelndpower, o1
na(!ons withIndustrial capabilities andstrong wind resources willdemand that the wind systemsbe manufCautred or assembled
In-country to reduce the drain 6nforeign currency. Wind turbine 

sESTAVAILABLE COPY 
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ANNEXURE-D
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Table ?No.2A:
 

AVEkAGE HONTULY WNlD VELOCITIES 

THANO A. K",AZI JHAHCR 
 KALLE..OR 
64 Mile. from 70 Hle.s from 50 H.laa

.Sea Coast 
om 

Sea Coast 
 Sea Coast
 

JAil: 6.8 
 6.9 
 7.0
 

FE!: 
 8.6 
 7.2 
 7.1
 

A.R: 11.0 9.9 8.5 

APR: 
 12'. 
 12,7- 9.2
 

,AY: 
 14.5 
 "1.8 
 10.8
 

,J~s18. • 
 3. 12.4 

.JUL.: 
 18.7 
 18.9 
 '14.5
 

AUM: 
 17.3 
 17.7 
 13.7
 

SE 
 13.1 
 14.21 
 10.0
 

OCT: 
 8.8 
 .9.0 
 7.8
 

NOVI, 6.5 6.4 6;0
 

DEC: 
 8.2 
 6.6 
 6.0
 

An extract from a publica on of WApDA
Hydro-electric Planning Department
 



-:13:- Table Na.2
 

AVERAGE MONtIY IJIID VELOCITZES 

(BALUcHISTAN)
 

•• ** .01. A..GOTH FATEI! 1IO!D*.. .CUI SATA4 I 
HONtr' 50 .lasu ._ 1 les.a fram 10 P1101 fr,m 

Sea Coaes 

JANl: 3.8 

F6.8 

MAR: 6.0 

APR: 5.6 

MAY: 6.4 

JUN: 7.2 

JUL: 10.3 

AUG: .9.4 

SE?: 8.1 

OCT: 6.4 

NOV: 3.1 

DEC: 2.7 

SekUae . Sea Coast 

6.6 ..
 

6.6 6.9 

8.3 6.9
 

9.6 9.5
 

10.7 11.8
 

12.4 13.5
 

X3.1 13.9
 

12.7 14.9
 

10.0 U.3
 

7.8 6.4
 

6.0 3.1
 

6.2 2.3
 

An extract from a publication of WAPDA
 
Hydro-electric Platting Department 



Aeolus 
United Kingdom Europe 

Address: Aeolus. Ltd. 
c/o Nat. Vind Tub le Cir.
 
Nat. calg. Lab.
 
Cast Ilibride. Glasgow
 
4750U United Kingdom
 

Telephone: 03551-ZO
 
Tele=
 

gntered wind Industry: 1980
 
Wind business areas: VInd turbines
 

195 Wind.related sales volume (US Smillion): 

Corporate allliltlaons: 

Major business areas: Vind turbines 

1985 Sales Volume (US Smilllonl: Aeolus 7.0 m 

Model .7M 

Nameplate rating 22 kV 
lecetrioaI output Heat only 
Typos Down-wind NAVT 

3-8laded 

Rotor diameter 7.0i 
Blade composition FRP 
Hub type Rigid 

Cut.in wind speed 
Rated wind speed 
Powe regulation Full span pitch 
Overspeed control Full span pitch 
Yaw control Passive 

Weight lw/out tower) 
Transmission Z-Stage. helical 
Generator rating 22 kV 
Generator type Hydraul Ic pump 

Comments Unique hydraulic heat comerslon systm 

Status Prototype 
Year Introduced 1S8 
Units shipped Under S 

A-7 



Aeritalia 

Italy Europe 

AdW;es.- rt&lla S.A.. s.p.A 
Unita Oranizativa terie Alt.
 
Via Archlide IS1
 
0137 cm 
Italy
 

Tolephnne: 6805549 

1 Talx: 611395 JEntered wind industry. 1979%MWnd business areas: Vinci turbines. cuipanents, alssvss= st 

services. systms Integration 
11"5 Wind.telated sales volume (US $miillonl:etween 0.141| 

Corpor.1te alffil ians: Asociated with Fiat Aviazicne in
 
C t.sortan for wind energy In coordination with C.*A and (1CL
 

Major business areas: Aorospace 

INSs Slep Volume,(US sinilionI: Over 500 -Aot.lalia 32.0 In 

MulI AITO3 "AITO EN AITO2 

NauneiplaW rating 15-2S LU 22 IV 2.5 LV 
EleoteIcal output M lit so lii SO 14 
Type Oflwnwind HAUT 04iwn-wi d IPuT Up-wind AVJT 

Z-Oladd 
 2-8.4ed 2-.laded 

Rtstor diameter 6,a. 10.0 0 32.0 m 

lade composition FRP
FR) 

Hub type Rigid R|iqd fIqid 

Cut.in wind speed S.0 ,/s 4.0 ', 4.2 w/s
Rated wind speed 13.0 i/s 10.0 u/c 10.1 /s
Power ragulation Full %pan pitch SUall regulated Full span pitch'
Ovurspoed control Full span pitch Mae!a* p-:,thered *Full :pan pit=h 
Yaw control Pd142tve 

Weight (w/out tower) 
Transmission 2-Stago. coaxial 
Gunerator rating 15-25 WV 31 kV 22S WV 
Generator type Synchronous Synchronous Induction 

Comiecnts 

Status Production Producton Prototype 
Yo uritoducud los HIS? ll6 

Units shippld eatwoon . and 20 ,nder S Undr S
 

A-8 

Gamma 60 

1000 W 
so Hz 
Upind HAaT 
2-Siaded 

10.0 M 

Hinged 

3.1 ,/s= /dq lm/3,/i, 
.S A/s - 19 11" 

Full span pitch 
Full span pitch 

1000 kv 
Induction 

Os.ign 
10.06 



C.E.M.EL 83 
Italy Europe 

Address: C-..H.L. 13 s83.c. 
Via COniola 33 
Parana 
Italy
 

Telephone: 07-3.6SZ8 

ITales: 

Entered wind lndusir. 1984
 
WInd business areas: 
 Vind turbines 

1985 Sales Volumm IS $mi lltweInAton&0 

Model 48211 

Nameplate rating 3 LV 
Electrical .output 0C
 
Type UP-wind HAW?
 

38-81aded
 

Rotor diameter 1.3 a
 
Blade composition Steel 
Hub type Rigid 

Cut-in wind speed 1.3 m/s 7'bi.s r.Ra1?ld wind speed 

Power regulation VACS 
Overpeed control 
Yaw control 

Waight (w/aut towed 300 kg 
Transmission 2-Stage, coaxial 
Generator rating 3 Jll 
Generator type Direct current 

Comments 

Status Prototype 
Yar Introduced IMii 
Units shipped Under S 

A-37 

http:C.E.M.EL


GEMZ 

Spain Europe 

Address: U 
Plaza CAUlua S 
San 8udIlI de'Llabreqa 

Telephone: 36610370 

Telex:
 

rietred wind Industr. 132 

Wind business areas: Wind turbines 

sales volume IUS Smilliont:IS8S Wind.related 

Corporate affiliations: 

Major business areas: INatal fabricatian 

1585 Sales Volume (US SmillIonl: Under I 

Model 500W 

Nameplate rating 0.S kv 

Ilcitcal output cC 

Type Upwind KOTAM 
34ladhd 

Rotor diameter 2.5 
Blade composition rod 

Hub type Rigid 

Cut4n wind speed Z.O /s 
Rated wind speed 7.0 ,/s 
Power regulation Nil span pitch 

Overpeed control aumal brake 

Yaw control Passive 

Weight Iwlout towri IS0 kg 

Under 0. 1 

180W 

1.2 kV .. 
c 

,UpwindlHAT 
4-Oladid 

3.65 

Viod 

Rigid. 

2.0 01S 
7.0 i/s 
Full span pitch 

anual b.aka 
Paor I1' 

240 kg 

200O0W 

_,
 

L"Ipnd VAV? 
4*laded 

3.8 a 
Vod 
Rigid 

W.4/A,':V.. 
Z.,- s a t5-7 "3,.d/A7 
full span pitch 

l' 5 


Hanual brake
 
Pusive
 

240 kg 

Transmission Direct drive.aledtrIc3l Dired dive,electrical Direct drtve.eaectrical 

Generator rating 0.S kV 1.8 kV 2 kv 

Generator type DFnG, 0ynAI QSynea 

Comments 

ProdutlonStatus Production Production 
1981 pr-98."Year Introduced pre 198!•w 


Betwee sa20 Setem.S and 20
Uittse oved Utwt 2 and So 

A-66 



Keller
 
Germany FFH Europe
 

Add ress.: * V. Keller Aare Construe: Gebi 
!ndustriestr. 5 
6749 Vleslautrn. 

Vast Gldruany 

'Telephose: 05324-15911
 

Tolax: 451708
 

intered wind industruy 1979 
.. Wind businesm areas: Vlnd t6rines. coveants 

1'1S Windrelated sales vaohlme (USSmillanl: getwen 0.1 1 I 

Corporate allilmatian,:a * -t 

I Major business areas: Aerospace and wind energy caopanonts In 
I (tlrllass and carbon flbrecolposite.I9M5 Sales Volume IUSSmillbnl: 8eten K AI0 1 

Moewl - Flair 8 

idmeplate rating 11,1 
Elecufcal output AC 
Type cown-wind HA!'. 

Rotor diameter .i'd 
Blade composition FRP 
Hub type 

Cut.in wind speed .,a_ - 4"* ' e - /A
Rated wind speed 93= 00 2. -
Power aegulacion Full spa pitch 
Overspeed control Fuil I span pitch 
Yaw conmrol Fas:lve 

Wieigh (wout toweri 120 kg 
TnrAnciean 2-Stage. planetary 
G'neratr raing S.1 Ikv 
Onmfetar type Asynchron us 

Comments 

Sudus Prototpy 
Y", Intmmmuoad 19116 
114111. shapyud WJsir S 

A.87 

c13 



Koster, 
Germany FR Europe 

Address: 	 Friedrich Koster CH & Co. M
 
Friedrichswerk 1-7
 
2240 Heide
 
Vest Germany
 

Telephone: 046171005
 

Telex: 28802
 

Entered wind Industry: 1985
 
Wind business ares: Vlrd turbines. cOonents
 

1985 Wind.related sales volume (US tmilloni: Under 0.1 

Corporate affiliations: 

Major business areas: Machinery fabrication 

1985 Sales Volume IUS Smillloni: 8Btwen 1 9 10 Koster 2S.0 m 

Model Adler 25 

Nameplate rating 100 kV 
Electrical output so IX 
Type Own-wind HAWT 

3-8laded 

Rotor diameter 25.0 . 
Blade composition FRP 
Hub type Rigid 

Cut.in wind speed 3.4 m/s 
Rated wind speed 0.5 I/s 
Power regulation Full span pitch 
Overspeed control Full span pitch 
Yaw control Electro-mechanical 

Weight lw/nut tower 7400 kg 
Transmission 2-Stage. helical 
Generator rating 35/1 kV 
Generator type Asynchronous 

Comments 0FyL 0asign 

Stats Prototype 
Year Introduced 1984 
Units shipped Under 3 

A-89
 



MMEW 

United Kingdom Europe 

Address: 	 MCV. Ltd.
 
I Albert Square
 
Third floor
 
Oundae 001100
 

United Zingdoo
 
Telephone: 0382-26742
 

Telex:
 

Elntered wind industr.: 1963 I
 
Wind business areas: Ind turbines. components
 

1985 Wind.related sales volume US $million): 	 Under 0.1 

Corporate affiliations: 

Major business areas: Vind Turbines 

. W 11985 Sales Volume IUS Smillion): Under I 

Model Vertax O0 	 Vertax HO 9/15kW 

Nameplate rating 0.07 kV 	 0.4 kV IS kV
 

cC SO 11Z
Electrical output OC 

VAUT VAJT
Type 	 VAUT 


3-81aded 3-O1aded 
 3-iladed 

9.0 aRotor diameter 1.2 a 	 3.0 a 

Glade composition Aluminu Aluminum Aluminum
 

Hub type
 

Cut-in wind speed 2.0 N/s 	 2.0 0/s 2.0 ats 

Rated wind speed 

Power regulation Self-governing hinge Sel -gaverning hinge Sel f-governing hinge 

Overspeed control Sol f-governing hinge Self-governing hinge Sol r-governing hinge 

Yaw control 

2475 kgWeight twlout lower) 30 kg 

Transmission 2-Stags. helical Z-Stage. helical 	 Z-Stage. helIcal 
IS kVGenerator rating 0.07Z kV 0.4 kV 

Generator type Air gap alternator Air gap alternator Air gap alternator 

Comments 

PrototypeStatus Production 	 Prototype 
196 	 1986Year Introduced l98s 


Units shipped Under S Under S Under S
 

A-98 



Samsoe 

Denmark Europe 

Addess: Sasee Viad Energy I.5. 
Callon 14akifabrik 

Ballnvej S0 

1179 TramnJerg 
Senate. 0oeaurk 

ielephone:06110 

Ti 

Wnd business areas: 
I.I 

rind turbines 

118 Wind-related sales volumeo (US $onillion): Under 0. 1 

orporten affiliations: 

Major business areas: Vlnd turbines 

L1989 Sales Volume iUS $million): Under. I Samsoe 18.7 m 

Model 8OKW 

Nameplate rating 
Ieclrical output 

Type 

80 kV 
so HZ 
"-Ind IW1T 

3-laded 

Rotor diameter 
alade composition 
Hub type 

1.7 . 
FRP 
Rigid 

Cut.in wind speed 
Rated wind speed 
Pnwer regulution 
Overspeed control 
Y'asv control 

4.0 u/s 
6.5 N/s 
Stall regulated 
Mechanical brake 
Mechanical 

Waijlht Iwbout towe,18000 kg 

Teansmissiol 3-Stage. helical 

Geneatorrating 10/15 kv 

Golsrutur type induction 

Comments 

Status 
Year introduced 
Units shippod 

Production 
1s1 

bidIt S 

A-122 



Fayette 

United States North America 

Address: Fayette Xanufacturing Corporation 
P.O. Box 1149
 
Tracy. CA 95376-1149
 
USA
 

Telephone: Z09-836-5100 
Telex: 

Entered wind industry: 1981
 
Wind business areas: Vind turbines .wind Vane devel opme~nt/
 

1985 Wlnd.related sales volume (US SmIllionl: Oetween to & ga 

Corporate affiliations: 

Major business areas: Vlnd turbines and windfam operation 
and maintenance 


1985 Sales Volume(US Smilon:8eueen 

Model 

Nameplate rating 
Electrical output 
Type 

Rotor diameter 
Blade composition 

* Hub type 

Cut.in wind speed 
Rated wind speed 
Power regulation 

Overspeed control 

Yaw control 

SIIS 

9S kV 

S0 Hi 
Oo n-wlnd HAVT 

3-81ded 

S.0 u 
FRP 

4.4 m/s 
17.5 &/s 
Full span pitch 
Slade tip-tNathered 

Mechanical 

Weight lw/out tower)2563 kg 
Transmission Z-Stage. helical 
Generator rating 95 kV 
Generator type Induction 

Comments 

Status Production 
Year Introduced 1983 
Units shipped Above SO 

II 
t0 & 50 

1O0kW 

100 kV 
5000) iit 
Up-wind XAVr 

3-81aded 


19.4 M 
FRP 

3.5 ns 
15.6 0/s 

Tip-feathered. =ech. 

3-Stage. planetary 
100 kW 
Induction 

Prototype 


£16s983
 
Under 5 


A-60 

11:nveetn 14 d rr 

250kW 

250 kV 

60 Hz
 

Down-wind M Au 

3-8laded
 

24.4 m 

FRP 

3.5 0n/ 
15.6 r/s 
Full span pitch 
Tip-Feathered. meach. 

Mechanical 

12150 kg 
3-Stage. planetary 
250 kW 
induction 

Production 

Under 5 



F- 10 
Foi- 11I dt, 

United States North America 

Flowind CorporationAddress: 
1183 Quarry Lane 

Pleasanton. CA 94558
 

USA
 

41S-484-3300Telephone: 

Telex.: 

Entered wind industry: 196Z
 
ants. windfarm
wind turbines. coimpoWind businGS3 areas: 


developnentloperation
 
Between 10 & So 

1985 Wind.relited sales volume (US SmIllioni: 

industries, Inc. 
Corporate afiillations: Subsidiary of Flow 

ind turbines
Major business areas: 

Flowind 19.0 tr 

13e Sales Volume (US Smilllonit Oetween 10 A S0 

F-25F-19
Model 

450 kV300 kVNameplate rating 
60 xxS0HEElectrical output 
VAUTVAWT 
Z-1adedZ-Bladed 

25.0 a19.00Rotor diameter 
AluminumAluminumSlade composition 

Hub type 

611.0We6.0 WeCut-in wind spend 
20.0 0/s20.0 e/Rated wind speed 
Stall regulated

Stall regulatedPower regulation 

Overipeed control 

Yaw control 

13500 kg
9000 kgWeight lw/out towerl 

Z2Stage. helical
2-Stage. helical

Transmission 450 kV

300 kWt
Generator rating 

Induction
Induction
Generator type 


Comments 

ProductionPrototypeStatus Lots
 
Year introduced 1964 

and s0 Under Slitteen 100Units shipped 

A-62 



F-1 2
 

International Dynergy 

United States North Amredca 

Address: 	 International Gynearty Inc.
 

400 South Farrell Drive
 

Suite 8202
 

Palm Springs, CA 92262
 

.L ..1Telephone: 	819-322-0400 
Telex: 

Entered wind industry: 1983
 

Wind business areas: Vind turbines, assessment services
 

1935 Wind-feeatud wles volume (US 11millio3ni: 	 letveen 10A SO 

Corporate affiliations: 

Major business areas: Vind turbine and cegeneratlon
 
development
 

International Dnerav 1 9.8 m 
1985 Sales Volume IUS Smllloni: Between 10 & so 

Model 65/180 	 225KW 
01 

ZS kWNameplate rating 180 kW 
s0 H&
Electrical output 60 H& 
Oown-wind HAVl"Down-wind KAVTlpe 

3-8laded 3-8|aded
 

21.6 mRotor diameter 19.5 m 


Blade composilon FRP FRIP
 

Hub type Rigid 
 Rigid 

4.9 m/s 	 4.9 m'sCut.in wind speed 


Rited wind speed 15.7 m/s 18.7 u/s
 

Power regulation Stall regulated Stall regulated
 

Mechanical brake h.ichanical brake
Overspsed control 


Yaw control Mechanical Mechanical
 

200 kg 	 2730 kgWeight 1w/out tower 

3-Stage. helical
Transmission 3-Stage, helical 
225 kGenerator radng 180 k 
InductionGenerator type Induction 

Comments 225 KWlmodel Is being manufactured by aewoeo heavy Industries (South arsa) 

Status Production 	 Prototype
 

198
Year introduced 1983 


Units shipped Between 100 and 300 Under S
 

A-8C 



F;-1 4 

Nordtank 

Denmark Europe 

Address: Nordtank A/S
liybaillvei 8 

8444 Balls 
Ocinmarit 

Telephone: 
Tolex: 

06337200 
634os 

Entered wind industry. .1981 

Wind business aroos: Wind turbines, assessment services, 

wlndfarm developrint/operit 
| on 

19 5 Wind.ralatod sales volume (US Smililonli: satisen lO & 56 

Corporate aI ilations: 

Major business areas: Wind turbines 

19S Sales Volume (US $Cnililoni: Between *SO& So0 .. 214 __.______ 

Model NTK 5/11 

Nameplate rating 55 kV 

Electrical output so lHz 

Type Up-wind KAUT 
3-81aded 

Rotor diameter 16.0 0 

Slade composition FRP 

Hub type Vgid 

Cut.in wind speed 3.7 m/s 

Rated wind speed 1.0 0/s 

Power regulation Stall regulated 

Overspoed control Mechanical brake 

Yaw control Mechanical 

Weight iwlout tower) 3600 kg 

Transmission 2-Stage. helical 

Generator rating S5111 kW 

Generator type Asynchronous 

NTK 65/13 

65 kV 

0 Hs 

Up-wind MAUi 
3-Eladed 

16.0 a 

F" 

Rigid. 

3.7 M/s 

16.0 0/s 

Stall regulated 

Mechanical brake 

Mechanical 

3800 kg 
2-Stage. helical* 

65/13 kW 
Asynchronous 

NTK 75 

75 W 

S0(60) z 

Up-wind HAUT 
3-S1aded 

15.6 a 
RP 

Rigid 

3.? m/s 

16.0 /s 
Stall regulated 

Mechanical brake 

Mechanical 

3600 kg 

2-Stage. helical 

7S k 
Asynchronous 

NTK 99 

99 kV 

S0 H 

Up-wind MAWT 

3-Sladed 

20.5 M 
PUP 

Rigid 

3.7 m/s 

16.0 0/3 
Stall regulated 

Full span pitch 

Mechanical 

4500 kg 
Z-Stage. planetary 

110WkV 
Asynchronous 

Comments 

Status 
Year introduced 

Units shipped 

Production 
1981 
Between 100 and 500 

Production. 

lost 

Between 100 and SO 

Production 

1985 
Above S0O 

Production 

19e6 
Between 50 and 100 

A-IO' 

/
 



F-1 5
 

Nordtank 

Denmark Europe 

Address: Ilrdtank A/S 
HyballeveJ 8 
8444 Salle 
Denmark 

Telephone: 05337200
 
.,Telex: 63405
 

entered wind Industry: 1981
 
Wind business areas: Vind turbines, assesment services.
 
windfarm development/operation 

198S Wind.related sales volume (USSmilllon): Between 10 & 50 

Corporate affiliations:
 

Major business areas: Vind turbines 

198S Sales Volume (US $millioni: Between so & 500 

Model NTK 130 tNTK 150 

Nameplate rating 130 kV 150 kV 
Electrical output so HZ s0 HI 
Type Up-wind HAUT Up-wind ,AWT 

3-Oladed 3-8lided 

Rotor diameter 20.5 , 2O.S a 
Slade composition FRP FRP 
Hub type Rigid Rigid 

Cut.in wind speed 3.7 n/s 3.7 t/s 
Rated wind speed 18.0 m/s 18.0 o/s 
Power regulation Stall regulated Stall regulated 
Overspeed control 
Yaw control Mechanical Mechanical 

Weight (w/out tower)4500 kg 
Transmission 2-Stage. planetary 

4500 kg 
2-Stage, planetary 

Generator rating 130 kV 1s0 kV 
Generator type Asynchronous Asynchronous 

Comments 

Status Produitior Production 
Yar Introduced 1588 1986 
Units shipped Under S Between 100 and $00 

A407 



F.-1 6
 

U.S. Windpower 

United States North America 

Address: 	 U.S. Vindpaowe. Inc.
 
500 Sansame St. 1600
 
San Francisco. CA 94111 

USA 

Telephone: 	 41-3298-38s 

Telex: 	 6S0-202-0019 

Entered wind industry: 1974
 

Wind business areas: Wind turbines. componnts, assessment
 

services. windtarm development/operation
 

1933 Wind.related sales volume (US Smillioni: over g0
 

Corporate aifillatlons: Flberblade Corporation Is a subsidiary. 

Major business areas: Wind energy 

1S9S Sales Veriume IUS Smiillonl: Betven SO & 500 	 U.S Wndower 70 

Model 56-100 

Nameplate rating 100 kV 

Electrical output 60 "t 

Type " own-wind HAWT 

3-Glided 

Rotor diameter 17.0 a 

Blade composition FPP 

Hub type Rigid 

Cut-in wind speed 5.4 u/s 

Rated wind speed 13.0 m/s 
Power regulation full span pitch 

Overspeed control Full span pitch 

'ftw control Passive 

Weight (w/out towerl 2945 kg 

Transmission Z-Stage, helical 

Generator rating 100 kV 

Generator type Induction 

Comments 

Status Production 

Year introduced 1983 

Units shipped Above 500 

A-140 

IOl2
 



F-17 

Vestas 
Denmark Europe 

Address: Vastas Vind Systms A/S 

Sed Hansens Vel 27 
P.O. Box 42
 
Lem 0K-4940
 

I 
Tlephone: 7-34-1188
 
Tele. 80733
 

Entered wind industry. 198
 
Wind business arsee: 
 Vind turbines. components. assessment 
services, windtfam development/operation
 

.h1985 Wind.related sales volume (US Smillloni:OQwe 
 90
 

Corporate afl!aelons: Esablished In iI57 fraoreorganlzalion 
of Vestas Energy A/S 

Major business areas: Vind turbines and hydraulic equipment 
manufacture
 

1985 Sales Volume(US SmillIonl: Between SO & G00, as 2 6 

Model V-17 
 V'.g 
 V-25 

Nameplate rating 75(90) kW 90(125) kW 
 200 kWElectrical output SO(60) "a 50(60) Hz S0(60) Hz,Tpe Up-wind MAr Up-wind MAWT Up-wind kWr 
3-814ded 3-Glded 
 3-Bladed
 

Rotor diameter 17.0 a 11.0 m 
 ZS.0 N
Slade composition FRP FRP FRP 
Hub type 

Cut-in wind speed 3.6 a/s. 3.6 a/s 3.6 MIS
Rated wind speed 18.8 m/s 16.8 m/s 
 13.8 m/s
Power regulation Stall regulated Stall regulated Partial span pitchOverspeed control Slade tip-feathered Blade tip-feathered 
 Blade tip-feathered
 
Yaw control Mechanical mechanical 
 Mechanical 
Weight lw/out tower 6300 kg 7000 kg 10300 kg
Tansmission 2-Stage. helical 
 2-Stago. helical 2-Stage. helical
Generator rating 90117(110/22) kW 90/19(125/22) kW 200/30,kdGenerator type Asynchronous Asynchronous Asynchronous
 

Comments
 

Status 
 Production 
 Production 
 Production
Year introduced 1984 1985 
Units shipped Above 500 

196 
84tween 20 and 50 Under S 

A-143 



ANNEXURE-Q
 

_uevelopment forum u-auqust 1989-" '- Electr'!clbreezes..... 

nIARIIADOS ISAilou'r tnliat 
or'a wind 11l1i1ina elmriiy" piturmr 
whk-h 6 ep.mcd it lowr ih. country's 

*CAC1y hill Iyulmnit USSIO.00 annually. 
Ilia 9lcmteir lias Wee er cied in lite 

msnhem parish ofS. Lucy. wlhlih isswpit
by Al an:i barczcs. The cost a generating
Isextinmated to be 16 US cen:s per kilwait 
in 01n.iariSAIR will lite n.-idui r1,:!.u
put ofthe Barbados Ught and lknvcr Com. 
pay's 28 US cents per kihtntrt. 

Tim miur t Iim.,. iha* IlK aim 
US lurv visiiad narbadta to Imi,, IQl@ its 
operae and iamiinfini Iliac genraVr Itr i 
tIlmndcd over.
 

The turbine is mounted (in a 311-nicirl 
bigh (lO0-1roa) tower.znd lhe gcncur has 
a fillyanloinal cmnl ticr .VIm.nn. whi'h 
will check and log all.ruiulls during liteduy. 

Whcn ilia wind speed is highcr Ihan 80 
kilutnctres (50 miles) per hlur. ihencr:oraultniklly slhuts down. It dti.es 

so also when the wind .pcd is line low. 

Ir Ihis n rmter le.rfir,.om .akmfally.
di Fivulrnilllixt l11rI112q.luil: Vighll III11IV 

binms, which could provide power Her 
isolated cnmmunilies and lite i-lusl,liti 
Donlm parishes. rfmm a 

http:le.rfir,.om
http:USSIO.00


R. LYNE17E &ASSOCIATES 

C,ai, Crwlacskia ANNEXURE-H 
IC1. 2 N.E. 4Cg Suic. S1le 200
 
Muaha U.S.A
~rIu~jo 000e521"1* 
rAx. xk/H~i .8.1L3 

April 4, 1989 

Mr. Mohammad Ajmal 
Director, Generation Contracts WAPOA 
Pakistan Water and Power Development Authority 
630-WAPOA House 
Lahore 
PAKISTAN 

Dear Mr. Ajmal:
 

Thank you for your lattar, Oaayonmont nf Wind rnnrnv tn P,.ndie. r1ecteiev 
in Pakistan. Unfortunately, no wind speed table was included with the letter. 

Also, your summary of the table was not clear to us. Specifically, 
year, so
6748 + 4262 + 1416 - 12,426 hours, but there are only 8760 hours ina 

we cannot judge your wind resources. 

Wind turbine costs continue to decrease, and I expect wind turbine costs of
 
$500-600 per kW within two to three years, with turnkey systems costs of
 
S700-850 (includes all other costs associated with 'awind power station).
I 

We are advisors to several European/Mid-East governments regarding their wind
 
energy programs. My advise to them has been to concentrate on wind,resource
 

Unless
assessments for one to three years before installing wind turbines. 

you have a very firm idea of your wind resources, I would make the same
 
suggestion to you. From the limited data we have on your wind resources, 

some areas.
development of wind stations appears attractive in 


I have enclosed some literature about our firm and some general wind power 
resource assessmentinformation. We would be glad to suggest a low-cost wind 

program for Pakistan if you desire. This would require that you fund a trip 
to Pakistan and pay for our expert's labor. Alternately, may I suggest that 
you consider sending a technical expert to the United States for one to two
 

week to sit down and learn about our experiences with wind energy over the
 
past nine years. We would show him the wind farms, proper anemometry, how to
 
do the economics, etc. Our charge for this would be approximately S4,O00.
 

Sincerely,
 

IL04* 0' . . . 

Robert Lynette.
 
President 

RL:em:OG
 

Enclosures
 



ATTACHMENT G
 

POTENTIAL FOR WIND MILL APPLICATION IN PAKISTAN
 

M.A.SHAH AND S.A.RIZVI
 

PAKISTAN
 

GENERAL
 

Pakistan is situated in the South West of Asia and surrounded by

Iran in the West, Afghanistan in the North West, China in the North
 
east, India on the east, and Arabian sea in the South.
 

Pakistan consists of four provinces, NWFP, Punjab, Sind and
 
Baluchistan.
 

Pakistan has an area of 800,000 sq/km, there is a 900 Km long sea
 
coast line. The population as per statistic of 1988 is 105 million.
 
Since the country's economy is based on agriculture therefore 85%
 
of the population depends on agriculture and lives in rural areas,
 
however due to the industrialization the public trend is changing

towards migration to the big cities. Main cities of the Pakistan
 
are Islamabad (Capital) Rawalpindi, Lahore, Multan and Hyderabad

whereas the city of Karachi is a main trade centre and largest in
 
population.
 

The literacy ratio in Pakistan, for both sexes from the age 10-55
 
years is 21.7%.
 

CLIMATE
 

The climate of Pakistan is rather heterogeneous as regards Seasons
 
as well as regions. It lies on the Western margin of one of the
 
major climatic regions of the world, the monsoon region. In the
 
coastal areas the influence of the Sea results in moderate
 
temperature and strong Sea breezes, which are a result of the large
 
temperature difference between mainland and relatively cool sea.
 

The seasonal reversal of winds & associated rains is most,
 
pronounced in the eastern part of the country, where high wind
 
results in rainfall during the summer season.
 

ENERGY SITUATION
 

The electricity generation in Pakistan is based on hydroelectric

generation & thermal plants. These stations are located in the
 
Southern and in the northern part of the country. These are
 
interconnected. In the province of Baluchistan there is only one
 
thermal station which is in Quetta. This is also Connected to the
 
national grid. In the coastal area of Sind electricity is
 
widespread while in Baluchistan this is limited to only towns. The
 
main constraint for rural electrification is the high cost.
 



The total energy production was 7,000 MW in 1989, whereas the
 
forthcoming requirement up until 1999-2000 is estimated 17,157 MW.
 
The power is mostly provided to the big cities and as such the far
 
rural and remote areas of Pakistan still unknown with the light.
 

The Solar energy is abundantly available in Pakistan. It can be
 
utilized for electrification and water pumping for rural areas.
 
But the high capital cost of photovoltaic system hinders the
 
exploitation of this energy conversion system.
 

Wind energy is being utilized in some parts of Sind and
 
Baluchistan. A great deal of exploitation can be done by proper
 
utilization of this energy system especially in the coastal area of
 
Pakistan.
 

COST COMPARISON
 

The areas of Pakistan which are far away from the main grid line
 
are most deprived of the basic human needs, like electricity and
 
drinking water.
 

To provide the infrastructure effectively to these areas, the cost
 
involved will make it uneconomicalland in fact the electrification
 
by thermal or Hydel systems would be much higher, as these areas
 
are far away from the National grid line. Alternative systems have
 
to be taken into account. The most cost effective method would be
 
utilization of wind energy.
 

COST OF ELECTRICITY GENERATED BY A SMALL WIND GENERATOR
 

An estimate is made of the cost of electricity generated by a small
 
3 metre diameter battery charger. The price of electricity is
 
mainly determined by the investment cost of Wind generator and the
 
batteries for electricity storage.
 

The output of a small wind mill generating electricity in the wind
 
regimes of Karachi and Jiwani is presented. It has a 12 metres high
 
tower. The out put is 24 volts. The production of electricity is
 
roughly speaking proportional to the swept area of the rotor. The
 
results of these calculations are more or less representative for
 
the electricity production of other battery wind electricity of the
 
same rotor size.
 



KAR JIWANI
 
MONTH WIND POWER ENERGY POWER ENERGY WIND
 

(M/S) (W) (KWH) (W) (KWH) (m/s 

JAN 3.6 119 88 78
104 3.8
 

FEB 3.4 70 61
103 90 
 3.6
 

MARCH 4.4 165 123 111 83 
 3.9
 

APRIL 5.2 218 157 159 
 115 4.7
 

MAY 7.1 332 247 128 95 4.2
 

JUNE 7.6 361 259 133 96 4.3
 

JULY 7.8 378 280 141 105 
 4.4
 

AUG 7.4 360 268 132 98 4.4
 

SEPT 6.6 300 216 4.1 120 86
 

OCT 3.9 146 108 3.3 74 56
 

NOV 3.4 110 79 3.1 65 47
 

DEC 3.5 114 85 3.1 69 52
 

ANNUAL 5.3 226 1981 3.9 il 971
 

It is seen that the same wind mill produces 2000 KWH in Karachi
 
area, while it produces only 1000 KWH in Jiwani. Assuming that the

value of the average wind speed does not affect the windmill's life

time, the electricity will be twice as expensive in Jiwani as it is
 
in the Karachi wind regime.
 

When the electricity is used for lighting the demand peak is

concentrated in the evening hours. The energy that is produced

during the day time must be stored in batteries for use in the

evening hours. When high wind speeds coincide with the high demand,

this saves batteries and reduces the price of the system

considerably.
 

In case 2000 KWH are produced (Kar) the price is 0.225 S/KWH, in
 
case 1000 KWH are produced the price is 0.45 $/KWH.
 



COMPARISON WITH SMALL GENERATOR SET
 

In small villages little Kerosene generator sets are sometimes used
 
to produce electricity of around 400 - 800 watts. The price is 
determined by the investment cost and the fuel consumption. 

ASSUMPTION:
 
OMR - Operating/Maintenance limit cost
 

Cost of generator : 600$
 
Fuel consumption : 1 litre/kWh

Fuel price : 0.3 $/litre

Life time : 5000 running Hrs
 
Interest 
 : 10%
 
OMR : 10% of fuel price.
 

Using these assumptions the electricity price is 0.85 $/kWh when
 
the set is used for 4 hrs per day. The price is decreases to 0.8
 
$/kWh when set used during 24 Hrs/day.
 

COMPARISON WITH WATER PUMPING
 

The pumping systems are compared 'on the basis of cost per unit
 
water ($/m3). For motor pumps it is calculated what it would cost
 
to pumps the same amount of water with a certain windmill.
 

Avg Annual Unit cost Unit cost Unit Cost

wind speed output windpump 3h.p petrol 12 h.p die
4m/s 
 pump sel pump
 

Windpump type m3 $/m3 $/m3 
 $/m3
 

W.M of 2m,dia 5840 0.088 0.067 
 0.086
 
W.M.of 3m,dia 14016 0.052 0.062 0.050
 
W.M.of 5m,dia 40880 0.031 0.060 
 0.035
 
W.M.of 6.1m,dia 16060 0.143 0.061 0.046
 

The table shows that the Windmills are competitive as compared to
 
the diesel & petrol pumps.
 

WIND PATTERN
 

The coastal areas are dominated by sea breezes, which have a strong

diurnal pattern. The sea breeze first starts in a narrow coastal
 
zone but penetrates inland during the day, usually some 20-40 km,

but in exceptional cases where the temperature gradient becomes
 
very large such as in the coastal areas of Baluchistan, up to 100

km. The sea breeze starts in the afternoon, reaching its maximum
 



---------------------------------------------------------------

speed late in the afternoon. In the evening at about 11 pm when the
 
temperature difference decreases the sea breeze fades away. From

the wind data of Karachi, it is clearly visible that a strong

diurnal pattern exists, which peaks at 12.00 GMT. The difference
 
between day and night windspeed is approximately 4 m/s all the year

round. However, a difference exists in the average daily windspeed

over the seasons. During the winter months the average windspeeds
 
are moderate, but in the monsoon season, from May to October, the
 
average windspeed is considerably higher, with the highest peak

occurring in the months 
of June and July where the average

windspeed is approximately 7 m/s. Here the frequency distribution
 
is rather broad due to the large diurnal pattern. At Jiwani also a
 
strong diurnal pattern exists, which peaks at 12.00 GMT. The
 
difference between day and night windspeed is approximately 4 m/s

all the year round. There is hardly any difference in windspeed

noticeable among the seasons.
 

The frequency distribution at Jiwani is rather broad due to the
 
large diurnal pattern.
 

The Baluchistan and Lower Sind coastal areas 
have a strong sea
 
breeze wind regime. In Lower Sind there is also a strong monsoon
 
influence.
 

From the limited records available, it is concluded with
 
reservation, that a considerable wind potential exists along the
 
coast.
 

KARACHI: airport hourly wind data 1951-1960 height

windmeter: 7m (uncertain)
 
zO= 0.03
 
vpotentia 11.07
 
frequency

m/s 0.08 2.4 4.1 6.3 9.6 12.3 15.6 18.9 22.7 sum
 

Jan 148 152 155 181 79 22 6 0 0 743 
Feb 140 159 147 152 62 15 4 0 0 679 
Mar 
Apr 

124 
77 

124 
94 

121 
108 

199 
186 

128 
187 

39 
60 

7 
7 

2 
1 

0 
0 

744 
720 

May 29 22 65 198 269 126 28 5 2 744 
Jun 
Jul 

15 
13 

16 
16 

41 
35 

194 
165 

266 
323 

142 
146 

41 
37 

4 
7 

0 
0 

719 
742 

Aug 12 18 30 191 357 112 23 1 1 745 
Sep 23 31 67 234 262 91 12 0 0 720 
Oct 161 128 115 184 124 28 3 0 0 743 
Nov 182 156 131 149 76 21 5 0 0 720 
Dec 185 146 145 163 74 27 4 1 0 745 

-------------------------------
Year 1109 
Mons 169 

1062 1160 2196 2207 
197 346 1168 1664 

829 
677 

177 
148 

21 
18 

3 
3 

8764 
4390 

(apr-sep) 
n-mon 940 865 814 1028 543 152 29 3 0 4374 
(oct-mar) 



-------------------------------------------------------------

----------------------

JIWANI
 
height windmeter: 6m (Uncertain)
 
zO= 0.10
 
vpotentia 11.19
 
frequency

m/s 2.1 
 5.2 8.3 11.3 14.4 17.5 20.5 sum
 

Jan 198 396 118 
 22 7 1 1 743

Feb 189 377 98 12 2 1 679
0

Mar 192 394 120 28 10 1 
 0 745
 
Apr 93 372 200 49 5 2 0 721
 
May 128 400 201 13 2 1 0 745

Jun 125 381 188 19 
 6 1 0 720

Jul 97 403 224 18 3 0 0 
 745

Aug 85 443 196 15 3 1 1 
 744
 
Sep 116 432 144 
 26 2 1 0 721

Oct 226 428 84 7 0 0 0 
 745
 
Nov 253 62 0
399 7 
 0 0 721
 
Dec 281 386 
 61 10 7 0 0 745
 

Year 1983 4811 1696 226 47 9 2 
 8774
 

WIND MILL HISTORY IN PAKISTAN
 

Water and power development authority (WAPDA) and Agriculture

development bank of Pakistan (ADBP) installed in 1960's some water

pumping windmills in the province of Sind and Baluchistan which
 
were imported from U.S.A. and Australia. Later on a local firm with
 
the help of PCAT (Pakistan Council of Appropriate Technology) and
 
ITDG (INTERMEDIATE TECHNOLOGY DEVELOPMENT GROUP) started

manufacturing water pumping windmills. They have so far produced

and installed 40 windmills. Out of all these only few in
are 

working conditions which are being maintained by the user. From the

imported mills only two windmills are in operation which are also
 
maintained by the users themselves. The remaining windmills are out
 
of order/totally damaged due to lack of maintenance.
 

The energy resources cell has i.nstalled a 2 KW experimental wind
 
generator of Northern power systom of U.S.A., completa with storage

battery system for supplying electricity to remote areas/villages.

This windmill is also out of order due 
to lack of proper

maintenance.
 

PCAT (Pakistan Council for Appropriate Technology) 
a government

organization under the Ministry of 
Science and Technology. Its

activities are comprised of wind energy, biogas, biomass, 
cook
 
stoves, solar energy, food and agriculture, low cost construction,

rural water supply and sanitation.
 

Since 1985 PCAT has been involved in the development of wind energy

technology suitable for local manufacture, field tests and some
 
wind data collection. In cooperation with NIP prototypes of water
 
pumping windmills were designed and tested. After evaluation PCAT
 



was not satisfied with the prototypes and has sought cooperation

with foreign organizations.
 

Together 	with Miami University a program was started for the

mathematical modelling of the wind regime along the Makran coast.
 
PCAT is responsible for the collection wind data in
of 	 this
 
program.
 

Some 	scattered activities comprise the installing of a small wind
 
generator of chinese origin and the installation of a small
 
combined electricity generating and water pumping windmill from
 
Netherlands.
 

INDUSTRY RELATED TO WIND ENERGY:
 

There is at present only one manufacturer of windmills in Pakistan
 
in private sector. The company has three models in production with
 
rotor size of 2 meter, 3 meters and 5 meters. These windmills are
 
of slow speed, multi-bladed water pumping type.
 

Wind generators are not produced in Pakistan yet, however, major

component can be produced locally with foreign collaboration.
 

The total production of wind mills during the past 8 years amounts
 
to 40.
 

"BARQ-AAB" (WATER AND POWER SCHEME)
 

A scheme for providing light and water for 100 villages by

installing dual function wind turbines 
along the Makran coast
 
(Lyari to Pasni). This scheme is under process by Govt. of
 
Baluchistan, Pakistan Council of Appropriate Technology and
 
US-AID.
 

This scheme will benefit 72,000 people and generate employment for
 
400 persons.
 

CONCLUSION:
 

1. 	 Interest in windmill is all over vivid.
 

2. 	 Application possibilities in windmills are available for
 
Water pumping
 
Power generation.
 

3. 	 Windmill generating farms can also be used for supplying power

to national grid system near Karachi.
 

4. Wind 	energy system is economically viable.
 

5. 	 Local manufacturing of windmill is possible.
 



6. 	 As experienced with the present installed windmills in
 
Pakistan. It can be said that a windmill system can only be
 
successful if it is backed by a we11 organized maintenance
 
organization.
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LIST OF SOME OF THE WATER PUMPING WINDMILLS MANUFACTURED AND
 

INSTALLED BY LOCAL MANUFACTURERS, AGROTOOL IF' DIVISION.
 

YEAR OWNER'S NAME 


1976 A.T.D.O. 

1977 A.T.D.O. 

1977 S.D.O., Cholistan 

1977 Peoples District Council 

1978 Mr. Ashraf Abbasi 

1980 Mr.Taj Hidayatallah 

1981 Mr.Ashiq Ali Bhutto 

1981 Baluchistan Development
 

Authority, Quetta 

1981 D.F.O. Mirpurkhas 

1981 D.F O. Kotri 

1983 Brigadier Hayat 

1984 Habibullah Mines Ltd. 

1983 Sandoz (Pak) Ltd. 

1981 Church World Services 

1984 Greener Karachi Society 

1984 Bilal Farms 

1984 Yousuf farms 

1985 Anwar Farms 

1984 U.A.C. London U.K. 

1986 A.T.D.O. 

1987 UNATRAC 

1987 Energy Resources Cell 

1987 Energy Resources Cell 

1987 Christ the King Seminary 

1987 District Council Karachi 

1987 District Council Karachi 

1988 SAZDA 

1988 SAZDA 

1988 SAZDA 

1990 D.F.O. Baluchistan 


LOCATION
 

Gadani Masjid
 
Gadani
 
Buttan
 
Imam Bux Goth
 
Super Highway
 
Mirpur Sakro
 
Thatta
 

Chagai
 
Malle-Jo-Tar
 
Uth Plan
 
Thatta
 
Lakhra
 
Jamshoro
 
Rattanabad
 
Karachi
 
Super Highway
 
Super Highway
 
Super Highway
 

for Nigeria
 
Karachi
 

for Nigeria
 
Faiz Mohd. Goth
 
Baz Kando
 
Karachi
 
Safar Goth
 
Rodhin Baluch Goth
 
Okraro Chanio (Thar)
 
Dhaklo
 
Kharore Nara Region-

Hub Dam
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I •M	W 'rGY ACTIVITIES OP rECTRICAL POI'ER ,RESOURCES SURVEY AID
 

Ir 1 OPI)IT A32*:ISITRATION (EtE)
 

EE, of the kLinistry of Ener y and Natural Resources, possesing
 

a state economic enterprise character, was established in 1935, w-th
 
the purpose of generating electrical power from surface 
and subsurface
 

resources of Turkey and its utilization throughout the country.
 

The activities of EE are conducted through the operation of 

4 main technica departments bydrologica survey, geology and drilling 

design and enercy resources surveys; and 5 otber supporting departments, 

and 	advisory legal and inspection/control units. 

E undertakes all the necessary reconnaissance and feasibility
 

studies to develop the natior.al renourcea for Gener tion of eloctrical
 

power, and accordingly completes .lannin 
 and final design studies towards 

the realization of this purpose. 

During last few years nef tasks were assiGned to the Administration 

for the rational utilisation of energy resources, planning and development 

of neot and rencmble enercy sources particularly in the field of aolar and. 

wind power and ener y conservation studies.
 

Our preoent activitioa in w.rind energy are as follo: 

I- -1 1i Bnerc, Potential 

Until recently the wind energy potential of Turkey was not determined 

in detail. Thus a study was initiated by EE. First step consisted of 

identification of favourable locations for wind ener&y,based on measurements 

taken by the state Meteorological Organization at 114 stations. 

http:natior.al


The studies aimed to identify the temporal and, natural
 
dintrubution of 61nd enerry potential of the cotry.ver pefod
 

iialast few years *The results revealp. an. annual'&averag wind speed

.2


of 2.5 nM/s and annual wind power donity of 24 W/i for Tury. Slide 1. 

(wind Energy Potential Annual Distrubution) 

Zstablishment of an outdoor wind park, for the execution of the research 

gneration of electrioity and mechanical energy for windpump system 

from wind energy 1has been completed within the Administration Comlex. 

Slide 2( General iew of Enerar Park) 

2- EIE wi-nd Turbine-Generator'. System 

In cooperation with Riddle Vast Technical Univer ty, Et initiated 

a project to inve3tiGate mardfacturin3 and operatinG problems of a wi-nd 

enOrxr =onversion system in 1983. 

The purpose of this project is to develops a rind turbine-genarator 

system to generate electricity. in rural regions in Turkey. The installed 

system has a rated capacity of 1.1 .kT and; was installed at New Energy 

Resources Park of EM".
 

The system consists of 17 m high case type steel tower, Darrieus 

type three-bladed vertical axised aeroturbine a 1.1. lei. syncranous 

generator) an electronic control unit with a microproscessor and a set 

of stavwge batteries with 250 Ah, 48 V capacity. Slide; 3,4,5,6,7. 

Only the aeroturbine part of the systam had been imported, The other 

parts of the system was manufactured locally. The MT System has been 

erected in the test field •Slides6 



3- hand=irm 'MTS 

A project to investigate the. eatabliobmen and operatinr p:oblemn,
 

lo-term produo tion and eiticiezcy1 and the possibilities of metim
 

a small amount of enery demandi ith the *ind: energy has been initiated
 

by rnin 1987.
 

The system has been e.tcblicbed in a farm in Bandrma'.iTbre there
 

is consideroblc -ind energy potential.
 

The system bad been imported from abroad and consists of 18 m high, 

guyvired tubular steel tower, horizontal axis, downwind., 12 m diameter 

t.ho reinforced rol :iter CiberGlasc blados,20 ld. capacity sncoronous Genera-_:r 

The system ic used for moeting the lightina and water pu=irLn dVmand 

of the farm. The system has been supplied, with a stationer type 48 V, 250 Ah 

battery group and a 1 kI. inverter to aesure the necevry load oi the farm. 

Slide ni,12,13,14,15,16,17,18 ,10, 

4- "Fater Pumping System by the WVind EnerMr 

A v:ater - uystom luad boen i:%ported .Zror abroad ad it had 

been established to investigate the pumping capacity and operatio0al problems 

nnd possibilition of meeting tho i-ater dcr.And of small farm With: thid"'ind 

of .rind. enerZr usinG mecbanic a rater umpz. 

The mechanical energy, produced by 6 bladed wind. turbine, placed on 

top of a 6 m high guy wired steel pipe. is used to pump the water by a sucticn

pression pump from maximum 7 m depth to 5 m height. The System can start pum;in 

at the wind speed of 3 mls and it has been installed in the New Energy 

Resources Park of SIB. Slide 20,21,22,23, 



Q5
 

MIm WI GY STUDIS ,Or-OTM ORGANIZATIONS 

1- IsTAiTflL TiCaIcAL UNiVris1' 

-Research of ind Enerar Potential in Aegean Coasts 

-Wind Turbines With orizoatal Axs. The aim ic to seavch the 

possibility of usin; wind onerr for eloctricity in remote islands. 

The studky is performed on 1.5 1&1 Darieus typo wind turbine generator. 

-The Desion of Low and Xedvum Powered Uind Turbines: 

To install wind farms in some regions of Turkey. Some of the turbines 

will only be used for mechanical energy, such as mille, pu-mpin. 

2- flUX-chr sc=zuz mraaac.mL ERsncI: r~rz i (r:±u'tAx) 
t 

-Wind Map of Turkeyl
 

-Research For .ind Energy Conversion. Technologies
 

3- PRIVATE SECTR 

-In 1984 a system capable ot produoing 55 l.at 12.5 ls -ind speed, 

has been installed in Altiyunus failites by importiM the system 

from Vestas, Denmark with the aims of producing, electrical energy 

from ;.ind ncrar. Tower with a heigat of 22.6 m, was manu'actured by 

a local firm. The systemstarting producing energy at a wind speed 

of 4-5 m/e, reaches rato power at a iind speed of 12.5 0s/. The 

system does not contain a battery therofore energy producod is direct.y 

being consumed. 

Slide: 24 

-In western provinces of Turkey, some small firms manufacture and 

operate water pumping systems which utilise wind energy. 

Such systems are coare sirce they are manufactured by small f-irma. 

Slides 25,26,27,28,29,3o,31* 

- In western shores of Turkey there are windmills used in ancient 
times. Slide, 32,33,34,3536, 

http:mraaac.mL

