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I = INTRODUCTION

In July 1979, information on a UNDP Non-Conventional Energy Project in
the Republic of Cape Verde was forwarded to the Africa Bureau's Division of
Special Problems, Agency for International Development (AID). Shortly there-
after, Mr. Horacio Soares, Director General of Natural Resources and Conser-
vation (Ministry of Rural Development, Government of Cape Verde), came to
Washington, D.C. During a meeting attended by Mr. Soares and AID represen-
tatives, it was agreed in principle that the U.S. would provide support to
the Government of Cape Verde (GOCV) to further develop alternative sources
of energy. To this end, AID would send a small mission to Cape Verde in
late 1978 or early 1979 to design a small renewable energy activity.

The proposed project reflects a shared interest between the U.S. and
the GOCV. The U.S. Congress has given AID a clear mandate to assist develop-
ing countries in meeting their energy needs, with special emphasis on renew-
able and nonconventional sources. The GOCV places a high priority on ident-
ifying energy alternatives which can be substituted for the increasingly
expensive petroleum-based energy technologies currently in use.

This report is written at the request of the Division of Special
Problems. Its purpose is to:

0 review the current situation in Cape Verde as it relates to
energy;

0 propose a scope of work for the design effort;

o fidentify solar and wind specialists who would be available to
participate on the mission,

For information on the current situation in the Republic of Cape Verde,
the author drew heavily upon the Cape Verde Assessment of the Agricultural
Sector,! prepared for AID in 1978; and Mr. Edwagd'd. Jefferies' report on the
U.N-=sponsored Non-Conventional Energy Project.? In the search for solar and
wind technologists, a wide range of people in both the public and private
sector was contacted,

Tpater H. Freeman, et al., Cape Verde Assessment of the Agricultural
Sector, Report CR-A-219A, submitted to AFR/RA/PSA, Agency for International
Development (McLean, Virginia: General Research Corporation, August 1978).

2Edward J. Jefferies, Mission Report: Non-Conventional Cnergy, Republic

of Cape Verde, prepared for the United Hations, February 1978,
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IT - THE REPUBLIC OF CAPE VERDE--A GENFERAL DESCRIPTION3

The Republic of Cape Verde is situated approximately 600 kilometers
of f the west coast of Senegal, It consists of ten ecologically diverse and
dispersed islands with a total land mass of 4,000 square kilometers. Seventy
percent of the country's population of 300,000 inhabitants (1976 figures)
live in rural areas and make their 1iving by farming and raising 1ivestock.
Major exports include: minerals (salt), fish products, bananas, and provis-
ion of fresh water for passing ships.

Although agriculture is the backbone of Cape Verde's economy, food
accounts for about 50% of the country's total import bill, Other m2jor
imports include fossil fuels, wood, and building materials and supplies.

The country's balance on current account is negative: in 1976 the value of
imports came to $39.5 million, while exports amounted to $1.5 million. How-
ever, Cape Verde's overall balance of payments is poaitive. due to substan-
tial public and private transfers and capital flows.

A major constraint to increasing agricultural productivity is water,
supplies of which are limited and unreiiable., The country has been in the
throes of a prolonged drought, which lasted from 1967-1978. During this
time, natural springs and shallow wells, usually a major source of water dur-
ing good years, have dried up. As a result, the total surface area under
irrigation has decreased by approximately 25% from 2500 hectares to 1850
hectares, and annual yields for both rainfed and irrigated crops have
declined substantially,

When it does rain in Cape Verde, most of the water streams down the
steep slopes of the mountains into the sea, It is estimated that about
330 million cubic meters of water are annually lost to runoff. (Freeman,
p. 66). And there appear to be limited possibilities for tapping this poten-
tial water supply due to a lack of sites for reservoirs.

Until 1970, there were no drilled wells in Cape Verde. Since that time
the government, with support from the international community, has embarked
upon a program to locate and exploit the country's groundwater resources.

The U.S. 1s supporting a groundwater exploration project in Tarrafal (Santiago
Island). The French and the United Nations are supporting similar efforts
in other parts of the country. Although very little data are available on

3
The majority of the informaticn from this section has been obtained
from the Cape Verde Assessment of tne Agricultural Sector.

4
Major sources of private transfers are remittances from citizens living
abroad; and 1.5, social security payments to Cape Verdians who worked in the
U.S, and returned to Cape Verde upon retirement,
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the location and extent of groundwater supply, it has been estimated that
80-90 million cubic meters can be safely tapped each year., (Freeman, p. 72)
This is considerably more than the approximately 29 million cubic meters
exploited in 1973 (1ast year for which figures are available).

Y, The decline in supplies of spring water, and the subsequent shift to
groundwater has considerable economic implications for farmers, Spring
water is essentially a free commodity to users, the only cost being some form
of payment (either in cash or kind) to the ditchkeeper. This is not the case
with groundwater. The Ministry of Rural Developiient, the government organiza-
tion responsible for exploiting groundwater resources, charges one escudo (or
approximately $0.03) for each cubic meter of water pumped from wells.

Other efforts are underway to increase water supply and the total surface
area under irrigation., The U.S, has recently awarded a grant to the GOCV
for the purchase and installation of a diesel electric seawater desalination/
power generation plant. Upon completion, the plant will have a daily output
of 750 m3 of potable water.® The Federal Republic of Germany is supporting
an effort to pump spring water 350 meters from sea level of a farm on the
slope of Mount Genebra on logo Island. A similar effort is being supported
by the Netherlands on the Island of Santo Antao.

The exploitation of Cape Verde's water resources will require substantial
inputs of energy. The government is seeking alternatives to high-priced
fossil fuels, and is placing a high priority on development of local, renew-
able sources of energy. An experimental effort is currently underway to tap
Cape Verde's substantial wind resources for pumping water and generating elec-
tricity. This effort, financed by the Swiss Government and implemented by
the United Nations, will be discussed in greater detail in a later section of
this report.

[11 - ENERGY IN CAPE VERDF

As elsewhare around the world, Cape Verde is feeling the impact of
rising costs for fossil fuels, which comes at a time when demand for energy
is also on the upswing., From 1971 to 1976, the quantity of imported fossil
fuels doubled, During this same period costs more than quadrupled. Fossil
fuels account for a growing share of the country's total import bill: 8,5%
in 1976 as compared to 3.5% in 1971. (See Table 1.)

————

it is estimated that the annual fuel bill for the porposed plant will
amount to $420,480, This assumes that the cost of gas and ofl will be $155
/T, See Cape Verde Desalination and Power (Sal), project paper prepared for
the Agency for International Development (AtTanta, Georgia: Georgia Institute
of Technolngy, August 1977), 1, p. 41,
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Table 1. Quantity and Value of Imported Fossil Fucls, 1371-3976

{
! ! 1971 1972 16873 1274 1875 1876

1

i
105531 Fuei--Yetric Tons i 10,767 13,106 16,8248 19,307 22,050 21,505
imnorted
Cost {82200 $  633.0 ¢ EBCS.? £3.344.¢9 $3,322.5 $2,778.1 5 2,668.2
Total Import SI11 (8200) £20,400.7 824,418 .1 $34,221.8 S3%,876.4 $36,760.1 $30,594.3

0% Fpesil Fuel Imnorts 2.6 3.2 3.2 AN 6.8 8.5%

to T2tal I-tort ENN ‘

Source: (ape Viodo Assessment of the Agricultural Sector, p. 29.
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. Very little data are available on Cape Verde's wind and solar
resources, Some observations were made from 1951-1960 in the vicinity of
Praia, Santiago. During this time winds blew from the north and rortheast
about 78% of the time, and were calm about 7%. (See Table II.) It has
been estimated that average wind speeds range from 15 km/hour to 40 km/hour
or 9.3 mph to 24.8 mph, ?Freeman, p. 193)

Table II. Observations of Wind Direction, Praia, 1951-1960

Direction Number of Observations Percentage
north 4,672 43
Northeast 3,833 35
East 672 6
Southeast 243 2
South 384 4
Southwest 158 1
West 0 0
Northwest 180 2
Calm 760 7
. source: Cape Verde Assessment of the Agricultural Sector,
p. 54,

Data on solar radiation are equally scarce., However, some estimations
are available for Mindelo and Praia, based upon reports over a five year
period, The average radiation is 544 Langleys per day for Mindelo and 538
Langleys per day for Praia. (Freeman, p. 55)

The Government has identified four priority technologies for development:
(1) solar/wind driven pumps to replace diesel and hand pumps;

(2) small desalination units to provide potable water. (According
to Mr, Horacio Soares,” the residents of the islands of Maio
and Boa Vista travel long distances to obtain good water,
Appirently much of the water on these i1slands 1s brackish.)

b
Mr. Soares 15 the Director General of Natural Resources and Conservation,
Ministry of Rural Development, Government of Cape Verde,
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(3) solar dryers for preserving agricultural produce and fish;

(4) solar cookers and improved wood burning stoves.

Wood as a Source of Energy

A large percentage of Cape Verde's population relies primarily on
. firewood to prepare their meals and heat their homes. The local dish,
"Chacupa," is a mixture of corn, water, salt, and lard; sometimes fish or
beans are added. It now costs about 10 escudos (or about $0.13) to purchase
enough firewood to cook a pot of Chachupa, (Freeman, p. 95)

The uncontrolled exploitation of trees and brush for firewood has led
to a steady destruction of Cape Verde's natural vegetation. Children are
traveling farther up the mountainsides in search of supplies which are
quickly becoming scarce. The current annual rate of consumption for a fam-
ily of five is about 2.5 cubic meters. Assuming that 60,000 families reside
in Cape Verde, the total annual consumption is estimated to be 150,000 cubic
meters.

Assuming that firewood will continue to be a major source of energy for
domestic needs, a combination of measures is needed to address the firewood
shortage: to increase supply through reforestation, and to decrease demand,
possibly through introducing wood-conserving stoves.

Cape Verde apparently has the potential to meet a large proportion of
its firewood needs. (Freeman, p. 198) Production potential varies consider-
ably within the isiands. Low elevation zones yield about one cubic meter
per hectare each year, whereas 10-15 cubic meters per hectare can be har-
vested annually from the cool, moist, highly elevated areas of Santo Antao.
Much of the effort will have to take place in the lower yielding, lower
elevation zones as few sites exist at the more productive, higher-elevated
zones, (See Table III.)

Table III. Potential Fuel YWood Production

Presently To Be Additional Potential Yearly
Forested Planted Potential Production (mJ)
High elevation 1,330 1,350 1,520 40,000
plantations
Low elevation 710 1425 3,500° 5,635
plantations . e
Total 45,635

i el EET———— — S —— o — - L

source: Capa Verde Assessment of the Agricultural Sector, p. 198

ﬁfrom estimates by M, Goncalves.
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Another, complementary, solution to the firewood shortage is to
increase the burning efficiency of wood through the introduction of improved
stoves, In Guatemala, the Choqui Experiment Station has designed and tested
a cookstove, made with mud and sand, which purportedly uses only half the
fuel required for most wood-burning systems, In India, a smokeless chula has
been fabricated with clay, sand and bits of scrap mgta]. It uses approxi=-
mately 40% of the firewood needed for an open fire.” Other effo ts are
underway throughout the world to design better fireboxes. The potential for
improved cookitoves in Cape Verde should be explorad,

iV = NON-COMNVEMTIONAL ENERGY PROJECT ¢

The United Nations Office of Technical Cooperation (OTC) is implementing
a Non-Conventional Energy Project in the Republic ¢ Cape Verde, utilizing
Swiss funds-in-trust. The long-term objective of the project is to assist
the Republic of Cape Verde in tapping local, renewable sources of energy, and
to test technologies which harness non-conventional energy sources. To
achieve this goal, the following activities will be undertaken:

(7) collection of prevalent literature and information on wind
and solar technologies,

(2) establishment of a system for collecting data for planning,
programming and designing projects in support of non-
conventional energy,

(3) development of standard practices for designing and adapting
wind/solar enerqy devices to local conditions and needs,

(4) establishment of a pilot project in San Felipe (Santiago)
for the purpose of testing a variety of wind/solar techncl-
ogies for water pumping and electricity generation,

(5) Training of local personnel to develop alternate energy
systems which meet local needs.

e — e ———— ————————

7Vo1untuurs in Technical Assistance, Woodstove Design Manual, draft,
1979, ; TSt e

}}
See Appendix 2 for the mission report of Edward J. Jefferies entitled
“Non=Conventional Energy=<Republic of Cape Yerde," dated February 1978,
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The project provides for the purchase, installation and testing of
five different systems:

(1) Electro wind generator (Switzerland)
(2) American wind turbine electric pump (U.S.)
(3) Darrieus wind generator (Canada)

(4) Dempster wind pump (25 of these wind pumps have been
donated by the Church World Service)

(5) SOFRETES solar (thermal) pump (France)

The site for this pilot activity is San Felipe (Santiago), location of
a parallel project to increase the area under irrigation through the develop-
ment of groundwater resources. The various wind/solar systems will pump
water from boreholes drilled as part of the Groundwater Resources Project.
According to Mr. Fernandopulle, the project manager for both activities, the
results of the experimental energy project will provide a basis for determ-
ining which system(s), if any, is most appropriate for replacing diesel
engines. He alio emphasizes the fact that both projects "are intimately
connected to innovations in the field of agricultural development and hence
the pumping system--although experimental--should nevertheless ensure the
water supply on a permanent basis." (Jefferies, Appendix 5, p. 1) Install-
ation and operation of the equipment is the responsibility of Mr. Josef
Van Meel, a U.N, volunteer from the Netherlands, Mr. Van Meel arrived in
Cape Verde in September 1977,

In a recent discussion with Ms. Susan Habachy, U.N. officer in New
York who is responsible for the Non-Conventional Energy Project, it was
learned that none of the windmills (with the exception of the Dempster) are
in operation, It was also learned that the funds for the project (totalling
$100,000) have been almost completely expended. As a consequence the status
of the UNDP project is uncertain, and additional support for maintaining this
activity is now being actively sought.

Mr, Fernandopulle has identified additional activities which would
provide a logical extensfon to the activities already underway in San Felipe.
These include:

(1) Observation networks in Achada du Laranjo, Achada Baleia and
Tarrafal for wind measurement and incorporation of some perm-
anent observation points in the existing meteorological net-
work,

(2) Further installation of windpumps in the low-lying islands of
Sal, Mailo, Boa Vista and in Achada Balefa (Santfago). A
small workshop can be envisaged for repairs, maintenance and
new expariments,
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(3) Design and eventual installation for solar stills in Sal
(Terra Boa) and in S. Vicente (Salamanza).

(4) Design of more powerful wind %fnerators for water lifting
in the Tarrafal project area,

V - OTHER PROPOSED ACTIVITIES

In October 1978 the Club du Sahel published a report entitled Energy
in_the Development Strategy of the Sahel: Situation--Perspectives--Recom-
mendations. The study was financed by the Ministries of Cooperation of
France, the Netherlands, and the Federal Republic of Germany, and by the
West African Development Bank., Tt was presenced to the Third Meeting of
the Club du Sahel held in Amsterdam in November 1978. The study recom-
mends that a permanent regional center for applied research into wind power
be established in Cape Verde. It also eniaurages donors to support electri-
fication of the islands using wind power.

In December 1978 AID learned that the Federal Republic of Germany was
planning to provide support to Cape Verde to implement some of the recommend-
ations of the Club du Sahel Energy Study. At this time, the U.S. contacted
the Club Secretariat in Paris to obtain more information about Germany's
intentions and to convey an interest in coordinating U.S. efforts with those
of Germany's. It was subsequently learned that the Germans had not yet
defined the nature of their assistance to Cape Verde, but would be pleased
to work with the U.S, in Cape Verde and elsewhere.

The possibility of fielding a joint mission with the Germans was
considered but was rejected on the grounds that this would further delay the
U.S. mission which has already been postponed several times. As an alter-
native the U.S. has offered to brief the German Ministry of Cooperation on
the conclusions and recommendations of the AID mission, either in Dakar or
Bonn,

VI - TERMS OF REFERENCE FOR AN AID-FUNDED PROJECT

In July 1978 Mr. Horacio Soares came to Washington, D.C. At this time,
he met with officials of AID to discuss the possibility of U.S,.-Cape Verde
cooperation in the field of renewable energy. It was agreed in principle
that AID would field a design team to evaluate the rasults of the UNDP

- ———— . ——— e —— e = ==

(
Jrﬂrnundnpullr. “Future Activities in Non-Conventional Energy Sector,

Prafa," September 1, 1978,

0. / -

I Club du Sahel, CILSS, Energy in the Development Strategy of the Sahel:
SlIUJtinn--r%w"4Nn;tlvﬂac-ﬂncnﬁwfggglylgni (Paris, France: Club du Sahel, Oct-

ober 1978), p. 137.
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Non-Conventional Energy Project, and provide recommendations on how the
U.S, could best support the development of alternative sources of energy

in Cape Verde, Both parties agreed that the initial U.S. project would be
small-scale (less than $500,000) and would be viewed as the first phase of
a potentially larger project. Mr. Soares felt that this approach would
avoid placing additional strains on the government's management capability,
as well as providing sufficient leadtime for training Cape Verdian experts
to administer a larger project.

An AID team, consisting of a design officer, a wind expert and a solar
specialist, will travel to Cape Verde in March 1979 to draft a project
identification document (PID). The recommended terms of reference for this
team are cited below:

A. Evaluate the UNDP Non-Conventional Eneray Project

(1) What additional support (materials, technical assistance,
funding) is required to complete installation and commercial
operation of the Elektro and Dzrrieus wind generators and
the American wind turbine?

What have been the major problems to date?

(2) What has been the experience to date with the installation
and operation of the Dempster windpumps?

When and where will the remaining pumps be installed?

(3) What system has been established for collecting data on
the tecnnical and economic aspects of the various wind
systems?

(4) To what extent are wind data already available, or being
collected, at other potential sites in the archipelago?

(5) Are there sufficient numbers of trained personnel in Cape
Verde to install and maintain wind systems? What provis-
sions have been made for further developing hust country
expectations?

B. Evaluate Other Wind Systems in Cape Verde

(1) Are other donors currently supporting or proposing to
support, the installation of wind systems?

What has been the experience to date?

(2) Has there been any experience with local construction of
windmills?
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C, Evaluate the Potential for Introducing Solar Technologies
(Dryers, Distillers, Cookers, Hot Water Heaters) and Improved
Wood-Burning Stoves)

D, Analyze the Economics of Renewable Energy Technoloaies

E. Evaluate GOCV's Ability to Absorb Additional Assistance, and
Capabiiities to Implement an Additional Energy Project

The design team will work in close consultation with the appropriate
government ministries,11 to identify problems, priorities and potential sol-
utions to the further development of Cape Verdc's renewable energy sector.
The team will also work closely with Mr. Denis Fernandopulle and Mr. Josef
Van Meel. The information gathered by the team will provide the basis for
drafting a project proposal, which could contain the following elements:

0 an assessment of national energy resources
o establishment of a national energy laboratory

o testing and introduction of a variety of solar energy devices

o support for expanding the UNDP Non-Conventional Energy Project12

The team will also explore the possibility of technical cooperation
between Cape Verde and Senegal., Several organizations based in Dakar,
including the Institut de Physique Meteorologique of the University of Dakar,
and SINAES are active in developing, testing and installing a range of solar
and wind technologies., The U.S. sent a project design team to Senegal in
November-December 1978 and plans to provide energy-related support to the
Government of Senegal.

VI1 - RECOMMENDATIONS FOR WIND AND SOLAR TECHNOLOGISTS

As noted earlier, a wide range of individuals throughout the U.S. was
contacted as part of an effort to identify available solar and wind experts
to participate on the design team. (See Appendix 4 for 1isting of people
contacted.) We were looking for people who have experience and knowledge
of small-scale, renewable energy systems, with previous work experience in
developing countries and fluency in French and/or Portuguese. During our

——— e e -

———rw————

iinistry for Rural Development and the Ministry for International
Cooperation,

1250, Appendix 3 for the scope of work for the AID project as proposed
by Horacio Soares.
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search we were able to identify only a small number of individuals who met .
most or all these criteria. Mr. Ron Alward and Mr, Steve Blake would, in my
opinion, form a strong complementary team. Bibliographic sketches of these

two people are included below:

Ron Alward: Solar Engineer at the National Center for Appropriate
TechnoTogy, Butte, Montana. From 1976-77, he was responsible fo:
establishing and expanding an appropriate technology workshop fac-
ility at the Bu-Ali University in Hamadan, Iran. Previous to this
he worked with the Brace Research Institute in Montreal, Canada,
concentrating on solar and wind applications, Activities included
the design and construction of: windmills for water pumping and
generating electricity; greenhouses environmentally adapted tor

use in desert environments and cold areas of the world; solar dis-
tillation units for arid areas; solar cookers for families, commun-
ity groups and institutions; solar crop dryers; solar water heaters;
solar energy storage systems; and solar house heating systems. In
addition to Iran, he has held overseas assignments in Haiti, the
Caribbean Islands, Senegal and Paraguay. Fluent in Spanish and
French.

Steve Blake: A geographer who specialized in site selection for

wind systems. He is an expert in constructing, testing, selling

and maintaining wind systems. He is the founder of the Appropriate

Technology Group--a non-profit education and scientific organiza-

tion involved with developing wind energy resources in developing .
countries, He has been a consultant to the World Bank, VITA, the

U.S. Department of Energy and the Srace Research Institute, aTgng

others, He has traveled in Latin America and speaks Spanish.

Copies of all resumes received have been submitted to the Division of Special
Development Problems, as part of a portfolio of U.S. renewable energy experts.

Fopies were also sent to Mr. Norman Brown, the Energy Adyisor to the Asia
Bureau of AlD.

VIIT - INFORMATION ON RENEWABLE SOURCES OF ENERGY

In January 1979 the Government of Cape Verde requested information on
the following subjects.

(1) geothermil energy, specifically research going on in Hawaii;

(2) production of methane gas from decomposition of organic wastes;

(3) air conditioning using solar energy.

; ]
\ See Appendix 5 for detailed resumes of R. Alward and ©. Blake.
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This »2quest was conveyed to Ms. Nina Vreeland, Office of
Development Information and Utilization in the Bureau for Development Sup-
port, AID. Information on other energy technologies, such as windmills,
solar stills and reforestation, was al<so requested. A comprehensive com-
puter search was conducted, the results of which will be delivered to the
GOCY by the design team.

Volunteers in Technical assistance, a private, non-profit organization
which provides technical assistance and information to developing countries,
vias also contacted, Ms. Sabra Breslin compiled information on a variety of
small-scale renewable enerqgy technologies which might be of interest to
Cape Verde. These also will be hand-carried to Praia by the design team.
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Winds over Cape Verde

y
Michael K, Platzer

This past week, the Secretary-General issued an appeal for international assistance on behalf of the
newly independent Republic of Cape Verde which has suffered from the same devastating drought which
has afflicted the Sahelian countries for the past elght years, The World Food Programme and UNICEF
have already responded with sul stantial commitments of food and relief supplies, The UN Office of Tech-
nical Co-operation and FAO also have important ongoing projects to improve water use and agricultural
production, However, the most interesting programme which is attempting to deal with the problems fa-
cing this drought-stricken country Is a small-scale UN project funded by a Swiss Government Funds-in-
Trust contribution,

During the last session of the General Assembly, the Forelgn Minister of Cape Verde asked the
Office of Technical Co-operation to look into the possiblity of establishing a project to tap the abundant
wind resources of the archipelago for energy and water pumping. In October last year, 1 visited the Re-
public of Cape Verde where, together with the Minister of Economic Co-operation and the UN project
manager for groundwater exploitation, we prepared a small-scale demonstration project to parness the so=
lar, wind, and geothermal eneigy resources of the islands, The UN Centre for Natural Resources, Energy

— CONRAC —

diss iy W

I, Cape Verdean women and children frequently walk miles with water contalners on their headd, 2, Pro-

jeet manager Michael French ani nspects a bieyele wheel type wind turbine, 3, One of the sites visited .
by Mr, Frenchman and his crew, 4, Darrieus type wind turbine being erected on Dlock Island, §. Allthe

:’lhl!i 1o institutes and projects were video-taped: this was the EIDA NASA 100 kw experimental wind tur -

ine,

photas: 1L E, Charron and Rede Corp,
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¢ and Transport, later suggested another project
to investignte the use of the surrounding ocean's
gradients as well as animal waste for energy pro-
duction. The Government, in the meantime, allo-
cated 60 ncres for n model farm near the capital
of Praia, to be run entirely on wind and solar
energy, A solar pump has beendonated by CIMADE,
the French Protestant relief agency. In addition,
we have been able to obtain 25 windmill pumps
from US Church World Service and these will be
placed throughout the islands, The Swiss Govern-
ment 18 providing funds for the acquisition of ex-
perimental wind and other devices plus the servi-
ces of a multi-disciplinary systems engineer to
manage the programme,

The designated project engineer, Michael
Frenchman, had already made a trip to Cape
Verde in July 1075 as technical adviser to the
American Committee for the Support of Cape Ver-
de, and he had designed a similar project for a
desert environmental research applications cen-
tre there, Together with Mr, Frenchman, wehave
written to or visited many of the major institu-
tions and individuals involved in developing appro-
priate wind and solar devices and arld land mana-
gement, Simple drip irrigation systems, hydropon=
ic gardening, the ercction of windmills and sult=
able housing techniques for desert  environments
have been videostaped by Mr, Frenchman and his
associates so that they may be shown to Cape
Verdean officials who will judge whether they are
appropriate to loecal conditions. We visited the
plant NASA 100kw wind turbine as well as com-
munity based projects which concentrate on simple,
do-it=yvourself technology, From the New Alchemy
Institute in Cape Cod, the UN has sent the inven-
tor of the "sall-wing' (o windmill pump made of
galls) to Asia to bulld similar windmills construct-
ed completely of indigenous materials, While re-
cently in Tanzanla, | came across a project in
which windmills are made from cosrugated steel
barrels, In Niger this summer, 1 toured Prol.
Moumoni's Solar Research Centre which has de-
veloped a solar pump and heater and I8 now con-
centrating on a solar refrigeration unit,

We hope that the projeet in Cape Verde will
cosoperate with all these centres in exchanging
experiences with the developing technologies, Al-
ready the US Energy Resources Developmoent Ag-
eney (ERDA) has expressed interest in the project;
close collaboration with Swius Institutions I8 on=-
visaged as well, Equipment [rom a variely of
sources will be tested for thelr efficiency and aps-
propristencss to the enerpy needs of poor African
countrios, It Is estimated, however, that the one
vertical axis generator already procured will pay
for itsell in six months,

The demonstration project, which will sapply
the eleetricity and water for a small village, will
be a prototype for other villages on the islands,
M the same e, the centre hopes o manulae-
ture appropriate wind devices for the developing
world, We hope that theugntful use of the indigen-
ous resources of Cape Vorde will not only enable
the country to meet the problem of scarce rainfall
and lack of eonventional enorgy sources but also
sorye an a muodel lor other countrivs,
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Solar water heater manufactured in Niger to be

acquired by the Cape Verde project,
photo: Halidou Souna

§the coverf

Michael K, Platzer of the Office of Techni-
cal Co-operation, ESA, author of this article, vi-
sits the project site, Cape Verde, where a solar
pump will he instaited,

No thanks

It would seem that the wisdom show' by Chief
Seattle in the last century (Secretariat Mews, 30
September) is still alive on this continint, Igloolik
i6 the only community In Canada's North West
Territories which has been offered television ser-
vice by CBC and has turned it down, These are
some of the reasons, quoted by Native Press, a
Canadian paper serving the people of the N, W, T, ¢

The ehildren are taught English in school all
day, I there were TV they would hear Englishall
evening as well and eventually might not learn
thelr own language,

Most community organizations hold meetings In
the evenings, In communities where TV has come
in, some groups have quickly died out, Igloolik
wints to keep the organizations going because they
do a lot of good,

Much of the traditional eraft work = bullding
rpleds and boats, eleaning and sewing sking = Is
done In the afternoons and evenings., Some people
are concerned that these skills would be less
used, oventually forgotten, If there were televis
sion, A

The younger people of the community would
spend all evening watching TV and then wouldn't
wint to get up and go to work in the morning,

lidoolik also worries about the effect of TV
on mores = they don't ke the emphasis on kill-
ing und violence, And they worry about the effect
of TV on personal relationships, They say that
when you walk Into g house where there Is TV, nos
body looks at you because everybody Is watching =
H. 1

ruens what™
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REPORT ON MISSION

CVI/76/405

23 to 27 January 1978

NON-CONVENTIONAL ENERGY - REPUBLIC OF CAPE VERDE

EDWARD J. JEFFERIES

Part I

Organisation and Scope of the Mission

- - — - . an .—

This project is being operated by ESA/OTC on a Funds-in-Trust
basis. with additional equipment supplied from various sources.
In the absence of any field personnel during 1976 and 1977, conirol
of the equipment delivered was undertaken by Mr. Denis Fernandooulle,
Project HManager of the parellel Project CVI/75/001, Groundwater
Management. In September 1977 Mr. Josef Van Meel, a U.N. Volunteer
arrived in Cape Verde under CVI/76/X05 to bezin the installation
and operation of the equipment.

Information available in OTC and CNRET in New York at that
tine on the status of the project and on possible future raguire-
ments was apoarently incomvlete. This short mission was arranced
in order to clarify the positicn as regards tho proper installation

ond uge of tha equiosmont.
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Part TT

Obgervations in theo ['ieold

Control of the Project

Until September 1977 the field control of tho project was
exercised by Mr. Fernandopulle, Project Manager or cVI/75/001,
slnce the two projocts are clooely linked technically and no
ataff existed in CVI/76/X05. He has received the equipment as
it arrived, taken it on inventory and arranged storage. He has
also been mainly resvonsible for drawing up the locations and
lay-out of the various elements of the project within tho
exnerimental area allocatad at San Felirpo,

The arrival of Mr. Van Meel created an anomalous situation.
with a U.N. Volunteer apoarently appointed as Project Manager of
CVI/76/X05. In actual fact. Mr. Fernandopulle continues to be
the effective Project Manzger since he is responsible for the
inventory and local funds, while Mr, Van Meel has taken charge
of tho install.tion and operation of the specialist equipment.
Thie is intended for the conversion of Wind and Solar Enerszy
into Mechenizal end Electrical Energy, most of which will be
used to puamp water from tho borcholes already put in by tho
parallel Project. The ultinate uses of the water to be produced
and the future devolopments in cattle raising, asriculture,
foreatry and vlllago development have alrendy been agreed by
ur. Fernandopulle with the Government Department concerned.
These sub-projects will be financed by the Governaent with aid
and technical assintance from & variety of sources other than

‘Inited Nationns,

Eouiomond

The eguipment already requisitioned or bolieved to heve been

roouisitioned but which has not yet been received ia liasted .n
Attachment No.l. orepared by Mr. Van Xeel.
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Additional Enuinment Necommended

Equipment required to supplement what hae been requisitioned
is referred to in the cony of a cable (attachment No.2) sent to
OTC by Mr. Pfernandopulle on 20 January requestine purchase in
Las Palmas for rapid delivery. The supnly of a 110 to 380 volt
3 phaco trannformer for the "Eloktro" wind genorator is moot
important. to enable thin machine to vower n borehole pump, whoto
purchase from Grundfos in Denmark is also requested, Cable is
aleo required to make connections.

It will be highly desirable to supoly at least some instru-
mentation for measurings solar radiation at the site in order to
ba able to check the performance of tho "Sofre-tes" solar pump
and as a basis later for the design of othar solar itenms.
This should include at least a "Campbell Stokes" Hours of Sunshine
recorder and a Bimetallic Recording Pyranometer to recoxd
continuously tha global radiation on a horizontal surface.
Tho ex works cont of theze two should not exceed US 3 800.00.

For forward planning of possible windmill installations in
other arcas and islands, a number of hand-held Indicating
Ancmometornﬂ&g,q. four or six) are nesded, to make rapid surveys
of the wind regime in a limited arca. These are listed in the
Edmund Scientific Coampany's Fall 1977 catalomue at US §3 27.50.
postago paid. z

Work Prosramme

There appears to be considerable doub: about the definitive
Project Document and its content. Attachment No.). supplied by
Mr. Fornendozulle {8 a cooy of the documens which he believes to
bto the one actually sismed by Lhe Governzent.

Tho work accomplished to date im descrided in Nr. Van Neel's
Prozrena Revort dated 14 Decoaber 1977 (Attachment No.4). This
also describtes the countarpurt organication and related projocts

0inz earried out by osthor aid oresanisasizng.
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The locations of the various windmills and their asgocinted
boreholes hava beon arroed by Mr. Fernandoculle with the
Minintry of Agriculture and with the Director-General for
Natural Resources and Conservation of the Ministry of Rural
Development, in relation to the initial agricultural and
village development in the area of San Felipe. The Groundwater
Management Project has alrecady succosafully bored most of the
tube wells in question.

The poaition at the end of Jenuary 1978 as regards individual
machines is briefly as follows, aa stated by Mr. Fernandopulle;-

Dempstor Vindoumps = 25 supnlied by Church World Services.

One haa been erected at San Felipe (nearly complete)

five more will be erected at selected boreholes in Santiago
Island.

Three aro being inntalled in the inland of HMaio.

Three are being installed in the island of San Nicola,

Ten are reserved for the island of Boa Yista. for which bore-
holes have already been put down.

Three are allocated to the island of Sal, of which one ia

already installed.

Elektro Wind Generator - 5 ki

The tower for this has been orected at San Felipe near a
suitable borehole. Comnletion will await purcheose of &
transformor, cables and a submersible puap. A control house
will be builte.

American Wind Turbine
A site tor thin hus tentatively beun allocatad at San Felirze.

Darrieus Mackine

An anomemctor has beon inntalled on tho oropocod hill uite
for this at San Felipe and hourly wind sceed readinge are being
logzed. This will operste a well pump {n the valloy below tha
hill, It etlll romains to purchnse a suitadle well puap for this
and it will be smome montho before assistanco will be reuguirsd in

the orection of the rotor and putting it in oporation.
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Sofretes Solar (Thormal) Pump

Tho location for this ies in a valley within the proposed
irrizated ares and the well has been sunk, The foundation
for the solar collactor panols (about 70 ma) is under

constructioen.

In addition to the development of San Felipe, the
Groundwater Managemant Project is co-oparating with a large
U.S. AID project in the North of this island (Santiago) near:’
Tarrafal aimad at bringing a very lrree area under irrigation.
This will involve the placing of many tubewells and a system
of tranafer of water between a number of storage tanks and

reservoirs at different levels, The wind regime in that araa

appears to offor considerable possibilities for the use of wind
both for well pumping and for transferring stored water to

hizher levels. Successful demonstrations by the Non-conventional
Energy component of our projects may enable the Tarrafal project

to decide whether to substitute windmilla for diesel engines in
many cases, This Project (CVI/76/X05) is therefore of considerable
relevance to the future of irrieated ssriculture in the Republic

as a wholea,

i
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Part I11

Future Proprammes

Attachment No.5 shows Mr. Fernandopulle's present ideas on the
possible coverave of the work on Non-conventional Energy during the
remainder of tho present Planning Period (until 1981). The basis of
this docuwant seems to be the urgent short-term need to inoreamsa the
area of agriculture under irrigation, to counter the continued low
levels of rainfall, Combining this with a need to economise on imported
diesel fuel, then the immediate tarwvet for CVI/76/X05 should be the
extended testing of the five pumping systems being installed at San
Felipo:_ﬂghia will provide a firm basis for recommendations as to

- e ——

which system, if any, will be moat agprobfiéiE"EGigéjIEBE”q}g5:1.gﬂginoa
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in a given locality, terrain and aoplication. At least a year's work

in the operation and measurement of parformance is reguired. Only
spall additional commitments would be needed for this until the end of
1979, provided sufficient suitable counterpart technicians are provided,

In my view, the principle of concentration of the work of btoth
projects on water extraction and use should be accepted for the period
to the end of 1979, For this the two projects should be formally

combined under one management.,

If for 1980 and 1981 the Government wishes to include work on
other applications of Non-conventional Enersy, this should be planned
as a separate projuét. with a geparate mannine schedule on both sides,
iovernment and U.N. The list of work which could be included in such
a project is virtually open ended. There will be two effective
limitationn: (a) tho capocity of the country to find counterpart staff
with anproprinto bockground ond intorest; and (5) the level of fundine,
both local and external, which can be ntiracted. From the U.N., side.

I would suzgest that the minimum ecele on which e¢n effective prosramme
could te mounted would cost US 3150,000.a year., to include only one

Exvert as Project Yanaser, with a numbaer of U.N. Volunteers, provielon
for a few short=tern specinlint consultints, and & ninisuz proviaion

far itemn of agulirmant which asnnot be =ade locally,
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Ordered materinl, that has not yot arrived,
Non-Conventional energy demonstraticn project, Cape Verde CVI/76/X05

! Darrieus Wind generator

One box is missingi

" DC-AC inversion package " ( req. 76-20-21053 ) B

Measuring equipment from Kahl
1 Sling psychrometer ( *C preferred )

Wl e b

24 January 1978 °

Joop Van Mell

> 6’ e AL Oy @
{;:_ 24 @09

“H“%a 26~ 23 a0 4
L9 vs - fprf

1 Peychrometer slide rule ( ncmograph ) for item 1

1 dozen peychrometer wicks for item 1
6 Rain gouges ( metric )

A Min / Max, thermczeters in *C

1 Mason hygrozeter

1 Aneroid barczeter

1 Wind direction indicator

Date 9/23/197

Selar equipsent froam Kalvall

2 Rolls sunlite fibreglass sheet
1 Box Fatral alusinus nails,

6 tubes " tremco " sealsnt/ caulk

No Req, n® indicated,

l

Dater Cet. &4 / 1976 no nusbter -

57 bocks, no date, no nuster

B pagazines

Uatet Cet, 4 / 1976 o number 1

11 teocks

: iy [

“ate Cet, 6/1976 Yo nuater

Paratolic solar gooker

E . d ,/ ;s -~ -__‘
wate Cat, 2571976 Aeq, N® Ssltel0~ &~ = '
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F el R

P W-a-

FP2¢l FppIe O W
8 Chemicals from Hach Chemical Co., Iowa USA

o 5 ﬁﬁﬂr-!'vrq-'7*"1""5'
=5 ‘Req. N® 76-22032 , >

Pate 28/10/1976 \ ey

9 Gasoline or Dievel electric generator with spare parta,.
-2loyyem 4

———

Date 29{:1;1976 Reqe N* ?6-2307;- e e

CL s )

10 Electric arc velding unit; 30-150 amp,
Including maak, wloves, brush, velding rods

Date 29/11/1916 Req. N* 76-23076,
yb-210267 /¢
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GEUERALITES

A. Justification du projet
A present la Republique du Cap Vert est contrainte d'impor-

té la totalité de l'energie qu'elle utilise, a un colt relati-
vement oléva., J'est porquoi le Gouvernement desire autant que
possible les energies solaire et dolienne dont le potentiel eat
important. Les premieres donnés recueillies semblent indiquer
que le pays dispose de sites favorables a l'utilisation des
énergies solaire et Golicnne dans lo cadre plus vasste d'un
programme de mise en valeur d'energie non-conventionrnele.

I

Dans une premiére étape il a &té décidd d'établir a San Fi-
lipe (Ile de Santidgo) un projet pilote ayant pour objet d'un
rechercher et tester les ¢léments de basze.

B, Cadre Institutionnel

Au sein du Ministére de l'Agriculture et des Eaux, le Depar-
tement de l'Agriculture et le Departement de 1l'Eau sont tous
doux concerncs par certains aspects dc ce projet. En outre 1l'or-
ganigramme du Ministére fait Gtat d'un burecau pour l'energie non
conventionnele. Plusicurs engenieurs ot tochniciens sont bien au
courant de ces matidres et lc pays dispose d'une collection
d'ouvrages technighes specialisés en ce domaine. Lo Ministeére
do l'Agriculture et dos Eaux dispose d'un certain nombre de’
donndes métdorologiquos valable et on dispos: aussi de donnéos
sur los colts de l'energie conventionnele qui peuvent servir do
banc de comparaiszon dans l'otude de projets de factibilité.

C. Activitbs cunzocutivea du Gouvarnomons

Apros qu'un travail positif aura pétéd oxéeutd p sur lo sis:
des projots ot gue dos résultats faiblos auront 6td obtonua,
1'oau qui pourra otre oxtraite dans la mesure ou elle no sera
pas indispensable aux oxperimentations, so:a oiszo a la disposi-
tion d'usageps Oventuols. L'utilisasion de cotto odu sova
docidée par un comitd tochnique établi au soin du Ministiére do

1'Agriculture of des Eaux avec la participation dos personncl

—— e
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On compte qu'a la fin du projet la compétence nocessaire aura

atd developpd ‘au sein du Ministore en vue de poursuivre et Gton-
due les recherches en d'autres zones du Cap Vert, du point de

vue de la planification, 1! ingeniorie, la formation ‘lo fonction-
nement, l'entretien:.et le financement. :

D. Autres activitds connexos

Le projet d'energie non conventionnelle derculera en coopéra-
tion étroite avec le projet de recherches d'aaux souterrains !
CVI/?75/001 financé par le BNUD et exécutéd par les Nations Unies
dans le but de choisir d'autres sites valables dans le pays et

ussl pour recevoir de ce projet a grande é&chelle le support tec
uBChﬂlOUB logistique ou autre dont il pourrait avoir besoin.

Lo site du projet d'energic non conventionnelle pourrait etre
utilisd pour d'autres experiences s'y rattachant telles que l'uti- |
lisation de pompes(s) solaire(s), certains projeus particuliers
d'utilisation de 1l'eau, ou 1'experimentation agrononiques.

Les résultats du projet seront rendues publicsde maniére a
étre considérées dans ln cadre de certains projets tels qQue projcts
d'olac.rxi_cabxon, irrigation, et approvisionnement en eau pour
usage domestique. i

E. Coualémcnt attendus d'aide extericura |

Dans le cours de la 2°M¢ année du projet une evaluation des
rosultats gsera faite avec la participation de representants de
1'Agence d'exécution et du Gouvernement. Ceci permettra d'établir
les Lases pour une assistance future eventueclle pour la continua-
tion et l'expansion des opérations. :

Plusicurs organismos d'aide extoricure ont si gnalé qu'éven- |
tucllement ils seraiont intordsdo a soubenir 1 activitao du projet
ci des rosultats encaurageants aont obtenus.
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II. Objectifs du Projet

A. Objectifs a lonmg terme

Le projet vise a:
1) Aider la Republique du Cap Vert a satisfaire ses be-
N Soins en energie au moyen de ses ressources propres dans la .
mesurce la plus large passible. i

2) Experimenter sur le terrain méme une technologie pour E
l'utilisation d'energie non conventionnelle qui puisse presen-
ter un intérdt pour d'autres pays.

: B) Obdectifs immediats

1) Rassembler de la documentation et'étudier le materiecl
le mieux adapté a la production d'energie non conventionnelle
solaire ot éolienne. ' b ‘:

2) D'établir un programme de collecte de donnés orienteé
vers des buts pratiques en vue de la mise en oeuvre d'enargie
colionne ot solaire.

3) De mettre au point des normes destinées a la concep-
tion et l'adaptation de dispositifs pour la production d'ener- !
gie solaire ou éoliennc, et adaptés aux conditions et besoins
locaux. =

4) Etablir un projet pilote a San Filipe (ESantiago) qui
pernettra do tester plusieurs pleinement ces technologies, de
répondre cconomiquement a des besoinn précis, en varticulinrs
pour la production d'eau et d'électricité pour des Leusping
demestiques et pour l'agriculture.

5) Former du personnel local de manidre & lui permncttre

de roalizer par ses propres moyens des dispositifs d'energie
non conventionnelle capables de repondre aux besoins locaux. .
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C. Investissement futurs ; P

81 co projot pilote-a petite ochelle démontre qu'il est techni—r
quoment possible et économiquement rentable d'utiliser l'energic |
dolicnne et solaire au Cap Vert; il est probable que des capitaux

R extericurs, seront disponibles pour 1'éxecution de projets a
grande échelle faisant intervcnir?ios dispositids mis au point pat
g le projet.

TII. Plan de truvail

e, bere o TAN St

A. Description des activités du projet

-

1, Arpivé d'un ingenieur consultant pour Praia Oct. 76 ¢
1'ovaluation prelinminaire des composunts r

. du projet !
2. BSelection du coordinatcour de projet " Prois/NY Nov. 76 !

(Volontaire des liations Unies

2

4 3. Collecte des inforpations sur l'utilisa- Y Hov., 76
tion de l'enerrle eoliennc et de l'equi-
pement upnropr_a

A | ey ey ]

i) 4o I‘J.nuln.snfion des spécifications e 1! NY llov, 76
1'cquipement
5. Conmende complotc do 1l'équipement du HY Dec, 76

projot ot expédition au Cap Vert i
G. ZPréparation des jnstallétions du projet S.Filipe Jan., 77

7. Installation et vest des sttonau &olicne SPilipe  Avril 77 |
nécaniques et olectriques

g, DPréparation des roservoirs d'cau ot dfbutb S.Milipo Juin 77
d'approvicioner cn eau 03Filipo |

9. Lvaluation ct modification du ujatcmo on Praia Juill.?77?
conformite avec los besoins y

v - -

. 10. Planification des activités pour l'utili- 5,Praia? Aot 77
gsation de l'eau et de l'energic fournis
par lo projet

e oyt vw

hEd 11. Début des activités d'utilization de 1l'eou S5,Fillpe Sept, 77
by e ot do l'enorgie sur place |
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12,
13,

14,

16,

Début des exparimentations d'energic solaire S.IFilipa Nov77?

Evaluation de la premidre phase des expéri- Praia Jan. 78
mentations d'utilisation do l'eau ot prepa-
ration des plans pour la dauxiemo phase

Début do projets modifiés et elursis | S.Filipe Mars 78

Evaluation général du projet; proparation Proia Juil 78
des recommandations pour un developpement
futur '

Publication du rapport NYI Oct, 78

B. Descriotion des contribution des Nations Unies

1. Personnel

a) Coordinateur du projet (Volontaire des Nations Unies)

. epcam g

T S~y R, wO-

R

Qualifications : Formation de conception multidiacipli—.?

naire en comme ingénierie avec une connaissance et une
expérience pratique de l'energic éolionne et solaire.
Habilito pratique dans les domaines électriques et néca-
niques. Expérience dans la gestion de projets scientifi-
ques et techniques,

Taches : Sera responsable des spécification techniguas,
des OQUipoments du plan de travail, de l'installation,

e B4 - PR

|

]

de la supervision, du contrdle, du maintion ot de l'ope- |,

ration du projet. Préparera los rapports, travaillera
avec los comnissions d'évalutien du projet fera des
recommandations pour d'autres projets pourant utiliser

uno composante d'energic non-conventionnellas, p articiporcu

d la formation de persennel national,

Lo colit d'affectation du coordinatour du projot est fi-
nancé par un fonds spocial du Prouzasra deo Volontuires

L

f
i
f
S
L

des Hations Unioa - dépenses provues : $EU B, 500 par a::.;
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1.

a.

D,

C.

d.

Eauivement financé par une contribution de fonds-en-dénat

DU du Gouvernement Suisse

Achat et maintenance d'un véhicule 28 5,000

Equipement et fourniture dé bureau $ 1.500

Equipement d'energica éolicnnes et solaire $ 50.000

Equipement gaophysique $§ 2.000

Outils et équipement d'appui $  4.500
$

Frais de transports d'expéditions, 37.000
adninistration, divers

Descrintion des contributions du Gouverner int

Activités orélinminaires

Collecte de toutes informations disponibles sur les ventes
et le teomp. '

Accés a tous les Ministéres et institutions compétents en
s'assurant de leur cooperation, en particuliex pour l'obten-
tion des données économiques nécessaires.

Revoir et determiner le lieu d'implantation du projet

Etudier les possibilités d'intervention dans 1'agriculture
et des autres domaines qui peuvent étre 1iés au projet et
deterniner les besoins en cau, énergie, terrain, matériel ot
main d'oouvro.

Choix du vmersonnel national

lloaination d'une secrotairo a mi-temps, de personnel technie-:

que dans les domaines de l'agriculturo, de l'eau et deos
techniques d'ingéniorie,

.

Désipnation du personnel dostindo & mccovein une fommation
tochaique. '

Sabaucho d'ouyriors (2-3).

S — .
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d.

Batinents et cquivement

Fournir le matériel, le terrain et la iain d'oeuvre neces-
Sailre pour la construction des installation du projet.

Permettro l'utilisation des ateliers du Ministcre de 1! Aocri-
culture ot des Eaux pour la fabr ication, la réparation ct la
maintenance de l'equipement et du véhicule.

Afires contributions

R -
Fournir le trancport du coordinateur de projet & d'autres
1les 5i nécessaire.

Assicter duans les arr angements o esfectuer pour le transpordm
du natériel par bateau Cunverdiens vers Praia. Fournir ce
transport si pocsible,

fournir les service: iopostaun, de teleccuninications et
autres cimllaires dans le pays,

Fournir une main d'ocuvre speeialinde (paxr cxemple: électri-
clewn, nmuchiniste, plombier, ('%c.) ¢t non-unécialiste pour

- . ’ . ’ )
des besoxns iamediats et do courte durde sclon les nuuc:;Jnu.
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Budget du projot couvrant la

Contribution des Nationa Unias

CVI/?7G/X05
Energie non-conventionello

Total 19776 1977 1978

10. Perconnel

11 Coordinateur 17CCO 700 8.500 7.800
19 Soucz-tosal 17C00 700 8.500 7.800
40 . Zouineneny

41 Consceomable 1.5C0 1.5C0O

42 Duratle 54,5006 €14.CCO

49 cous=tozal C5.CCO0 Z5.GC0

51 Divers 572,000 57.CC0
59 CUoun=totnl 37,CCC  57.0C0

99 Total 11?7.CL0 1C0.7CO 8.5C0 7.800
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Non-conventional energy project in Cape Verde - .
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. ' ] . -
% o P gy 8 NG OVT/76/X08
§ ] 0f v '.' ] " - s : .'; ‘ * \¥is - 1 o
} 1‘: . . g “v . . '}' e » K » o of 1 ! 1" .

s A : tha L Brty MRy [ LT
Praarela report a:tnr throa =onth| or nauisnnont.. HE WD
L ’ M ll v \‘ is .' * ‘fl" . .
t’.."."" R Ae-wti .:_ Vo yyt ¥ 3 ‘nc. . 3
AR AR 14/12/1977 ¢ ’_"ﬁ_ S SR .r. van Veel |
: -. Ve .T. : . i S| A ' it iy \ 7 ".'. o1t .‘ AL ‘N
1% = Introduction @ ' .‘-n: L £ S gN = S S Y -
i

To !aailit;te the ovnlua‘lcn of the projoct I will recall the objecti-

“ves as formulated in the project description ( 9/11/‘6 )z e HAWINAE L Sty a ta
"A Long-range objectives axe: RN ZratSeiinmn (Gt St s 3 '

% F ;uzx CERY .‘1. To contribute to Cnpc Vordo 8 ability to satisly its energy * ‘: °

‘13;35 ‘5; j,f “tqulre:onz: through 11; 1u. roplna;cou $0 a3 large an extent as

'.",'_"_'.. §457¢ 0 ad) Fﬂiliblc. "tis ;.'.j.. i MU o I Al '.‘. P01 B % Ha P N he
AN 2. To develop a base of r101d experience in the applicaticn of
T G "'3 i nen=conventional energy tochnology ‘Which :A/ be of interest
"1 3 to othcr oountriol. apaig L ol e sl Fihe
B odiut- objectiven akt i ..:: oh .::-:;."i L2 fi.'“.”
X .'5‘1. ta collect literature and evaluate available wvind, loln.. and '
Ak related noa-conventional energy equipzent
._,2;,,' .2+ To eatablish an application oriented datn colluetlon prograa for
E vind and solar energy planning, - L

5. To develop standard practices for dol.;n.nx or adapting vind end
'aolhr, enorgy devices to local eondl%!ons &nd necds,

4. To establish a pilot project ( at San Pilije,fantiago) which will
tully test the ability of these tochnologios to cconozically cect
specified roquirements especially.in providing vater and electricity

« “for domestic and agriculiural peeds,
‘5 To train local :eraonnel'to independently develop non-conventional
erergy systems to mset local needs,

Foom Catoder to MNovesber 1976 R, ilchael srenchsan vicited
Caje Verde for an advisery mission, Me performed secme pre.lzinary vind measurerents,
erdered material for the project énd vrote a report ( Janusry 1977).

2 = Prolect orzanization -4 B ' n

y ‘e ] 'YLTI .n..'..
L]

., The nuzhor i3 In charge of tht phios project for AChada San 7ilige

‘'and also has the task to coordinate 111 pra,c:tn and proposala en noen eonvuntlaaa;
, energ’ for Caje Verde, 1 M o'l iy :

q-.l'-|-u.l..-1 dsn B 0 e
bt %

f
!
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‘ 'uoruna in ‘the prodcnt.

w 3 Pro, reas of the dmontra.t!.on projet . '

Tho pilot project has been incorperated into tho ministry eof rural
. development. Close ccoporaticn exists with the water departzent of this
miniatry with regoxd to the use of ttorohouua. uorkahnps. the uupply of labomr

: and eonstﬂuon material, e : o

No real countérpart of the same lwol 23 the author i3 working in the

project, uhich hindexs tho tnmror or knoulldao in t.hc fiold. of calc:lating,

"- —n N Y .

= -'_‘deul.snina, planning, + - b )

A For the tecnical uark a nccan.tu haa bem ;d:lad. to the project for its
total duration of two years,He will learn hov the installed zachines function,
will be able %o tah care ot the maintenance, a.nd '-'nl carzy out repairs, is tn:'

as locally poul.bh. . . e £ . s

In the agricultural part of the project a student of agricult'e is
fulfilling the last half year of practical work of this study. In Jasuary of
1978 he will get his diplemeof a.aricuhur.l tcc'uail.n. after that he will stay

- >
2 1% pm 1. ER

L -
2 LY o e

' The following material has arrived to Cape Vords: ‘ .
‘Three vind machines, '

. "Elektro " wind generator ( Sviterland )
- X0 WDarrieus " vind generasor ( Carada ) = '
M. “izericen wind ¢ no“ electzic wind ;\...p ( usa )
et Tools LA A MO A e e P
LR .' Equipzent for soil ma!nu 453 "‘ AT
,Car ( Toyota pick up ) . 't xS 4~
Jmcmute:n AL AR157

vet %0 arrive im
I

The most lzportanta :au:.a.
Equiyzent for water “analysis
‘Welding equijment ( gesoline
. Litaptu:o SACHA %

generator )
K aielie
%o pu=pe have baen ordered for the ™ Zlekiro " an 4 the "Darrieda ®
sachine, In tho fole of Santiago no suited ;unpa proved to bo availadle, uullid ’s
punps will'be ordered ra scon o3 possibdle,, using rart of the 8 21.000, still in

the project, Also scoe mossuring equipment, scooe literature and 3 s=all vatler

- reservolr will Ye ordered using the scney still lels,

Vind measureients in Jichada €an Jiliye

"“x-;..

Two anemcrelers are at this zoaent in opsration at Aehala Tan Jili;
The anemcmeters of the totalining type. Zvery hour a gussd reada the puaters,fris

wnich hourly average wind sjeeds are calculated, -«

"
" a * . * 4 [
- »

L T
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Uaing these anemorotors a comporison of wind qpoodalln A nuabar of locations
lins been mados On tho basia or thuso mcanurowentu txo hill tops, ““"11p hizh wind
from two tubewellsa, have been chosen to ina
apceds and not far remote 13-5 Eluktro and the Darraiens machine. At thias moment leng
term mcasureacnta are carried cut to detormino the structure of wind in Achada San
bFilipc 1n terns of diatrlhutloﬁ ot wind speeds, duzation of spedls ete,

Inotullatlun o!‘ the wind machizes ' AR s ;

'.1

E..els;ze....sh.ns AL _"_
Concrete foundations for the moat and guy wires have teen pade. Trenches
‘have been diggen for the electric cables and lightuing conductors., A shed ia undes
construction that will contain a control panel, with fuses, aJl‘:hn:, rectifier ete,
A device hza been construted for balancing the rotor blades, 4

The uanu:actu.or did not deliver cable clezps for th o wires, gabIe
claapa cannot be bought locally, So they are being made nov,

“The inatallation of the tower will begin within a few dayl. The roter will
bo inatallod when the electric pusp nad cables have arrived,

v . ‘- ot i
w4 LA 1

aszieus ausbiny | ot TR R

Calculations for the foundaticns of reinforced concret have been nade as
well as the generdl desizn of a bundint‘for transformers, batteries, switch panal,
The crate containing the {sntallation equipzent ( axzct dravings, earth anchozs,
electzic cables etc) is still in the port, As sccn 23 this crate has left the port,
final installation ".r.j.ulngs and zaterial requisitions vill be made,

- - - e L S B R o e be - ] “w ws iew + o rrmaw ™ . o = . . -

Maerican vind trubine

~ At this noment no tubesell i3 avallable in Acheds S.741ise for the thizd
sachine, Prodably the vater situation will permis to mike one more tite vell far
this zachine, Sufficient gocd land for irrizated agriculture {g availible. The
w=erican vind turbine also gencrates electricity, and is delivered vith puvp,

Denpatar vind pusp "t e

-
Achzda Jan 711456 ( a flat open plain ) i3 very vell suited fer u* 3izins
seclanisally coupled vind yunpa, in which the vind =achine i installed en %, of
the vell, Luckily a large nuster of t.\!.a kird of paciine i3 aveil ..b:o. Cne will 3¢

Jnatalled in Achada S Tilipe,

*a

#

& ¥Toj20%2 on pon conventicnil snersy, not spensersd by O

( iale of Santiage )
o Ashzda Dalels"an Aerowitt ( Trench ) eleetric vind Faap vill %2 Installed
in the teginaing of next year, The sichine his Yeen firanced by C I M A D2 ( Franse)

$CCO0 ([ aletheri-ades orcmatsasion Foiated 10 8 TN L 25 ) will fizanes tne

eeniinuation of the projest in Achada 3alela en water supply and agrisulture, foze
sore wind punps will b9 imstalled,

-——— -
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The FAC ( French Gooperation organisation ) has prorosed to offer a 50 Xw

.'Aarouatt machine, fer providing electricity to a small tow:,
e FAC also proposed some desalinication projects for the 1:10: of San Vicen

and Eoa ?1ata. Somo Inatallations conaiat of solar stilss and = vind punp. Alse aoma

vdnverse somose plants povered by a wind generator are projosed,

The W7D ( gexman organicaticn ) is preparing a larse development projsct /

 fer the ole of llalo, Puaping by means of wind power will b2 part of it,

' PR »
. .
e
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Introduction:

Tutur activities in Non-Conventional

Energy Sector

.1 .‘}__'\: " -_“_Iu. .-.“.. e

“ - connected to 1nnovations in tho field of agricultuxal davaloppment and

"Activitien undertaken.

., Wind=turbine are also available for the area, !

s . At the inception of the Groundwater Project in 1975, it was
decided to undertake a oertain.amount of experiments in the field of the
application'or solar and wind energien'for pumping purposes. With this idea
4n view 2 pilot areas were selected nemely S.Filipe end Achada Baleias. The |
first pilot project obtained rinnncial'aupport in 1977 through Suiss Funds-
in-Trust and as for the aecohd there.in now atponsibility of financing
through I.C.C.0. It must be remenbe“ed that theso 2 projeta are intizately |

WY—T—

hence the pumping syatam although experimental should -neve:thelena ensure
the water supply on a permanent basis, "'~ . .
: ' Along with the pumping of water, some cxpe“incnta were also
thought of in the fiela of desalting using solur ntillo panly to* watexr
nupply or inolated villagaa. _? LAt 88 : P

"

- ‘|-!: e bt “aims o 8 tislaiane » PR
- ‘e '

At the present stage most of the activities are grou ped
around tie installations of San Filipe. In this area the following sites
havc boon chosen for the ongoing inutnllntion: : _ .

- Tubouoll FT 170 =~ Dempster windmill pump cnpacity

' 20 & 25 m3/day

y KA
: - " FT 176 = Elektromachine Winterthus 6 &v, 8 =3/d
- " I = Da:ricun Yertical Axis
|
' Rotor 4 Xv,9 n3/H |

Bosides these machines on the process of be.rir.s inastalled, a.|
Sofrdtes £ilar Pump ( water supply of S, Filipe village ) and a Aserican

» .
L] . v .
€L . (I .
. o T |
»
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An idea of the grounciwater_ eituation has already heen obtained
after the bering of drill-holes and pump tests, Also a study of the wind
L R S .4 field capacity at the teat sites was made in orde- to eatimate the
OHOE SO ey :fz' performmance potentials of the machines, : Wil il .
y A N %f . With regard to hydruulio and agricultural aspoots, uork haa
utartad on the basis of a recent topogrnphj: mappins on the aanle of
135000, Building sites, 1rr*gntad tracts ( 5 ha ), roaorvoirn and watex
distribution system, wind brenka, catchment raaorvoirs, and reafforestation

zones, have all been planned and 1np1;nentaticn'i“oxpocted to follow soon,

—a . ' y ’ . - i w P e

*e 3 T 4 LTS Y o " — ey i i 11 -
i '

- o

LT

)/ Proposed extension programme N

. ot tilee § . %
iPgs Negas g ' p r" .

The inatnllationa in San ?1*135 naed to ba ntud'ed and
, ~eventualy modified. The prouonce of a UN volnntﬂ!r'attéc?cd ta the Ground
oy : Water project facilitates the tasks already prog*nnmeﬂ. The kncwledge and
. the experience ga_ned in Sa.n Filipo can profitubl,' ba\ t-a.':z.i‘ =red to other
areas in Cape Verde, b a0 >

: However due to the ‘great variation of the climatic situation
within nnd botwaen the ialand: a phase of dat a collection is a§v;anb1¢,

covering prxncipally the wind field und solar -adin*101 aspecta, Suitadle
inastruments can be incoporated to the existing netoorolog-cal neiworh:

at country 1ovo§ Further, selected zones Doy aluo be considered such as

Achada Baloia. Taxrafal in Santiago, Upper Rabil in Boa Vista, Terra RPoa

in Sal, and Baia das Catas 1n 3.?1conto.

v

a ) Ex'ension of 8.Pilipe aren .

e

The experizents pr resently undertaken in S.74lipe perizeter
can be extended to cover Achada do Laranjo and Achada de §. Jiw 30 on the
‘ right cank of Riteira Laranjo. A tutewell with a drain can be envisazed {n
. the fwd of this " ribeirs " and Pusping can protably be eifectuated using
a windgenerator ( about 100 o of total mancmetric head ) located on the
Sight bank, Apart from this point, several boreholes will be drilled on

L
'
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the abovementioned " Achadas ", It is thought that the wind field in this .
region would be similar to that of S. Filipe. However, an observation

' network xill be setup along with the drilling activities. An equipment
programme oan_ba proposed following these raqulta.forhthe period 1979-80,

1 =3 . DXL i
P Y I ey Vrabgo

]
i i

" b ) Investigntion of Tarrafal area | |

. ' . . ¥
" ‘ .. S 2 b - » L . ‘oo o S

AL : b thhough one of the main obdeotivea retained for the experi:en
tal phase of non- conventicnal energy utilisation was punping tubewells, it

is now clear that such pumping could be extended to aspects of water lifting !
for stocking in reservoiras in periocds of surplus flow or aimplylfor _'
distribution purposes. This aspect would have a useful application in the ' :
Tarrfal Project area where oonstruction of several amnll.tankn end sizable

dnmg are ro-seen. R4 A R T LETT T P e ny e E
' During the poriod 1978-?9 an observation network similar to ;

3 | the cne proposed for S, Filipo extension zone can be undertaken. Unlike this.i

_ﬂ ' latter region situated on a wind-funnel, *he Tarrafal Project area is fully I

; 4 + exposed to the winds arriving {rcm the sea, The design for more powerfull !

P e windgenerators need to be sqppo:ted-by a aerioua study of the wind systen |

- here. . : : R LA By e -

: ' The main puzping station uill p‘obably be located in
Chao Eea and will concern puuping wa.ar stocked in a sizcble tank to 2
ptockage = dam dituated 60-70 m higher. Since water lift ing may not exceed
2 to 3 months, this installaticn probably can be combined to produce electric
power for city lignting in Tarrafal and also for ixrigation water distribution

s igystems within the Project area. A long-term obgservation of wind performance
i3 therefore necessary bofore arriving at a feasible design for this pulii-
purpose site,

' ¢ In the windvasd area around Achada Carreira, several small
tanks have been forseen for utocknge.nnd to facilitate water distritution. ]
Scze of these are to be connected by dupg-cut canals which would be costly.
Vater 1ifiing machines would be an slternative solution to be inveatigated,

|
\
[ ]
i

o ) Qther areas

In 2oa Yista tho Upper Nabil valley has 10 boreholes which

i) by aanimal ith Ticamtan miimsse Bluasa tha swas la yYindayant msains
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useful for reservoir design, and plantation: : of wind-breaks.

' In tho island of Sal, 2-3 boreholes will protably te cquiped
with wind pumps in the Terra Bca region but the water is salty. In one of
the points, an experimental desalting solar still, could be of great
' interest for eventual hydroponic agriculture. If successful this method

"can be extended to S. Vicente island,

About 2 years age a project for a desalting'solar still
wag proposed for sites in Salamanza and Baia das Gatas in S.Vicente. The

rst site co e in fact chosen for a solar s using sea water,
first sit uld te in fact ch £ 1 ti1l using - wat

Conclusions

————————

In conclusion for the periocd 1978-79 an extension of the ongoing
activities in the field of Non-Conventional Energy utilisation couwld

consider the following pointig:

1 ) Observation. networis for the period 1978-79 in
Achada do Laranjo, Achada Baleia and Tarrafal for
wind measurement ané incorpcration of goze perzanent
observaticn points in the existing meteorological

‘network
2 ) Farther installation of windpurps in the low-lying
lalands Sal, HMado, Zoa Vista and in Achada Baleia
1 ]
( Santiao ). A small workshop can be envisaged for

reriod 197¢-79,

. . A . e
3 ) Dosion ani evenwuil installation for scolar stilis

n S.Vicente ( Salizanza )

[ ¥

in Sal ( Terza ¥ea ) and

T ..
for 197090,

4 ) Dontent ¢! mure powerful windeoenuzators for water

1if2ineg in the Tarzafal Project area for 1920.
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SUSJECT: PRCPOIED REMEVABLE ENERGY PROJECT FOR CAPE VIRDE 1 /e
REFS: () 73 STATE 326739, @) ULINSKI/SHITH LETTER CATED
JANUBRY 24, 1978
1. AID/PRAIR PROGRAN OFF ICER CONTASTED MORA'10 SOARLS, Do

-

GOCY MINISTRY Cf RURAL DEVELOPAZNT, PER JANUARY 33 DIS-
CUSSION W'TH BLUMGART, MCALISTER #nD ULIGIRE, AFR/DR, 10
OETAIN FURTHER INFO IM PREPARAYICH OF PACPOSED VISIT BY TEAM
PLAKKED FOR MARCA, 1973 10 DIVELOP RENEWABLE [MERGY

RIF PROJECT,

2. ACCORDING 10 SOARES, SUGGESTLN SCOPL OF WORK MOULD IMELLOE,
BUT 3T LIMITED 10, THE FOLLOWING:

Al SURVEY OF WIND, SOLAR, WOOJ END RIQGAS [NERGY POTENTIAL,
INITRALLY ON THE IELAND ©F SAQ 11400, CaPe VERDL.

K) 10 EXPLOLC AND DLVELCF THE USE OF WiD ENERGY FOR DIRESY
VATER PUMPING FAON VTLLS AND FOR THE PRODUCTION OF ELECTRICITY
FOR VIRIOUS PURPDLLS,

€ 10 EXrLO3F AND DEVELCP THE USE OF SOLAR ENERGY FOR WATEN
PURPIND PURTOSES, COSAING, DRYING OF AGRICULTURAL AND FISWING
PEOIUCTS, WATLR WEATING DCSALINIZATION, ETE.

D) 10 FPLORE AN CIVELOP THE USE OF BIOGASL FOR COZCING,
DISTALL IS, WEATING, £TC,

£) 10 IMPRGVT TNL USL OF 000 AS A SOURCE OF FuLL, [SPICIALLY
FOR C20mING, 1% CAPL VEROL,
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List of Organizations and Individuals Contacted

Regarding Identification of SoTar and Wind Experts

Robert Ichord

Office of International Affairs
U.S, Department of Energy
Washington, D.C.

(202) 252-6380

Zephyr Wind Dynamo Company
Brunswick, Maine
(207) 725-6534

Mr, Ben Wolff

American Wind Energy Ass'n
Washington, D.C.

(202) 667-9137

Ms. Cathy Barczys

New Mexico Solar Energy Ass'n
Santa Fe, New Mexico

(505) 983-1006

Ms. Penny Wren

Office of Energy and Conserva-
tion, Governor's Office

Denver, Colorado

(303) 839-2507

Mr, Miguel Des Santiago
Organization of American States
Washington, D.C,

(202) a81-8737

Malcolm Lillywhite, Director
Domestic Technology Group
enver, Colorado

(303) 988-3054

Tom Graham

Robert Gordon

Donovan, Hamester and Rattien
Jashington, D.C.

(202) 342-5400

Lee Johnson

Western Solar Utilization
Netword

Poartland, Oreaon

(503) 234-3361

Elliot Bayly (wind expert)
Whirlwind Power Company
Denver, Colorado

(303) 534-1567

Ron Alward (solar & wind engineer)

National Center for Appropriate
Technology

Butte, Montana

(406) 723-6533

Steve Blake, Director {wind expert)
Appropriate Technology Group
Oskaloosa, Kansas 66066

(913) 597-5603

Eugene Eccli, President
Design Alternatives, Inc.
Washington, D,C,

(202) 223-0830

Marcus Sherman (wind expert)
Wind Energy Services Company
Hyannis Port, Massachusetts

(617) 476-7298

Vaughn Nelson, Director (wind
expert)

Alternative Energy Institute

West Texas State University

(806) 656-3904

Terry Healy

Rockwell International
Colorado

(303) 497-2881

Rolland Fischer (wind expert)
foulder, Colorado
(303) 439-6407

Denton Morrison (sociologist
specializing in appropriate
technology)

Michigan State University

(517) 355-3396
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. The following individuals were recommended by Lee Johnson, but lack
of time precluded contact with them:
Bob Sherwin (wind electric) Ty Cashman (built wind pump for
ENERTECH Tassajara Center)
Vermont California Office of Appropriate
(802) 649-1145 Technology

(916) 322-9654
Patricia Moodie (methane
digesters)
% Cuerpode Paz
Caoilla 63 S.A.
Quito, Ecuador

Ken Darrow
Volunteers in Asia
Stanford, California
(415) 497-3228

ECOTOPE
Seattle, Washington
(206) 322-3753

Ken Smith (methane)
California Office of

. Appropriate Tachnology
(916) 322-9654

Earl Barnhart (wind
electric)
New Alchemy Institute

Jack Park (wind electric)
(916) 675-2478

Bruce Anderson
Total Environmental Action
(603) B827-3374

Jay Baldwin (built water
pumps for Farallones Insti-
tute)

Co=Evolutionary Quarterly

(415) 332-1716

Michael Evans
Wind Power Digest
(219) 848-4360

Clint Coleman

‘I' (414) 363-4108




CURRICULUM VITAE

NAME: Ron Alward

DATE OF BIRTH: 9 July, 1941

PLACE OF BIRTH: St. Thomas, Ontario, Canada
NATIORALITY: Canadian

MARITAL STATUS: Married with two children

PERMANENT ADDRESS: 3538 Ste. Famille St.,
Montreal, Quebec, Canada

PRESENT ADDRESS: ¢/o National Center for Appropriate Technology
P.0. Box 3838
Bulte, Montana 59701

LANGUAGES:  [nglish, French - spoken, written, reading
Spanish - reading
Creole - spoken

CAULNIC TRAIHING:  Bachelor of Engincering Science from the University of Western
Ontario, London, Ontario,
Canada, 1963

Mastor of Engincering Science from the University of Western
Ontario, 1968
EMPLOYMENT RECORD:
February 1978 to Present - Solar Engincer 111, The National
Center for Appropriate Technology, Butte, Montana,USA.

November 1976 to December 1977 - Specialist in Appropriate Tech-
nology, Environmental Sciences Cluster, Bu-Ali Sina University,
Hamadan, Iran.

February 1968 to November 1976~ Research Associate, Brace
Roscarch Institute, McGill University, Montreal, Quebec, Canada.

August 1963 to July 1965 - Teaching assignment with Canadian
University Service Overseas, in Ghana,

(1)




PERTINENT EMPLOYMENT IHFORMATION:

During cuployment with The National Center for Appropriate Technology, .
work activities include and have included the following:

- coordination of solar energy task group activities,

- providing technical assistance in the following subject arcas: solar
greenhouses, water heating, space heating and drying processes; wind
energy; small scale hydro systems; geo-thermal encray.

areenhouse thermal monitoring and evaluation,

S

- preparation of an information package on small scale hydro systems for
The U,S. Department of Energy.

- working with the Historic Ancrican Engincering Record and Technical
Peoscrvation Services Division of the Heeitage Conscrvation and Recreation

Service, U.S. Departwent of the Interior, on a foasibilitly study relating
to the restoration of histeric mill buildings in Clarvemont, New Hampshire.
roview of D,0.E.'s National Proaram for Passive Solar Heating,

nitoring of yrants,

reparation of anotated bibliographies on Wind Energy Conversion and Small
Seale ?I‘.":IE" ';J".f.:'-q.

i in reparetion of HCALTS T0a1 II WOrk i‘ll‘,l.:.ﬂ.

iring oloyoent with Bu-Ali Sina University in Hamadan, Iran, work activities

et up 21 | ! nston of an .“'I il fate Technoli 1y % rl:".!-il“ l_.t\,”i[]{

- design, constru don and fnstallation of several solar water heaters,
space heaters, agricultural dryers and cookers

trafning of stalf and students in the design, construction, testing and
oy '] Il il 1 'i] -'-ll‘I"”') tr:-" % “! 'illl'ir ‘l}”l" s

nerqgy survey of rural village area

ssisted In cusriculum development at the undergraduate and graduate
levels for students in Rurl Engincering

{ in the preparation of a solar energy handbook published in
Farsi (Por I\II]

| in the evaluation, and the ecarly stages of vefurbishing, of an
! 1 1 plectir i e L
|
{1 1 bil 11 i't, 11 nd long=to iniversity research .
! | KM "1t in wea of ible eneray i ource




During enployuent with prace Rosearch Institute in Montreal, work activitiecs
included the followings

design of solar heating systems for Lvo existing and three planned
solar heated houses in Canada

design and project field engineer for installation of seyeral solar
theymal systems throughout the Caribbean Islands

- roesearch activities polated to solar, reverse osmosis and varpours=
conpression desal ination systens

- rescarch activities related to the developnent and tosting of environ=
mentally designed greenhouses for the Quebec climate

- coordinator of project dealing with the installation of gardens and
grepphouses on rooftops fn dowatoun Montreal, Project included study
of crop productivity, air pollution af focts on crops and use of waste
building heat for greenhouse ¢limate control

installation and testing of two electrical and eight water punping
windmills of various dosigns in Canadian and overscas projects

. suthor and co-author of coveral United Hations and Canadian Govern=
pental organization rescarch and field mission reports,

TS ROAD:  So0 |1:'J ont rect rd above and the flJ”l.".-lill[l.

. January to July 1963- Halti= Resident project engineer for construction
of a solar distillation systom

- 1969 Lo 1973 - Caribbean 1slands - coveral short temm projects involving
design, dovelopnent and installation of wind-
wills, solar water heaters, solar cookers and

emall solar stills in rural and urban settings

. 1976~ Sencgal - U.NLE.P, mission Lo Sencgal to select a cite for and estimate
the feasibility of setting up @ RURAL ERERGY
CENTRE utilizing solar, wind and bio-mass
energies to supply basic village needs

«1976= Paraguay = U.NLD.P. mission to Paraguay to assist in the development
of renesiable energy resources in the remote
nortisestern Chaco District
OFLATED ACTIVITIES?

- Meeher and cx=hoard meaber of the Solar Lncray Cociety of Canada, Inc.

. Wembor of the lll’fl'll.ﬂil\h.‘ll colar Fnerqgy S04 oty

. Ve tinpe of the fanadian Governasent Roviow Conmittee for an ARK on M ince
edosrd 15land.  The ARK 15 an xporfinental big=sholter systiom providing
a polential ecoll gically compat ihle scenario for the conserver sociely
of the futuroe.
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PUBLISHED WORKS: See attached 1ist plus the following,

Chapter entitled "The Groenhouse as a Source of Food and Winter Heat"
in E. Feeli ed. Low Cost Energy Efficient Shelter for the Owner
and Builder, Rodale Press, Inc., Fomaus, penn,, U.S,A,, 1976,

pp 288 - 308,

Co-cditor of A Handbook on Appropriate Technoloay, Canadian Hunger
Foundation, Ottawa, Canada, April 1976, pp 280,

vaetarts Thests entitled Solar Pewered Intermittent Absorption- Ref-
rigarator, Faculty of Graduate Studies, University of Western:
Ontario, London, Ontario, Canada, 1968, pp 165

Rural Energy Centre for Africa Using Solar, Wind and Biogas Energies,
presented te the Joint Conference of the Inteenational Solar
Frnorgy Socigty, Ancrican Secl fon, and the Solar Energy Society
of Canada, Inc., Winnipey, Hanitcha, 15 to 20 August, 1976, pp 24.

The Integration of Rencwable and Nonconventional Sources of Encrgy
into Mousing and Cotsnunity Services in Iran, Proceedings of Seminar
on Appropriate Technoloay for RCD Counties, Tehran, lran, 3-4
Octobar 1977,

[he Introduction of Solar Dryers in Rural Iran, presented at the
noncaable AMternatives Conference, Solar Encrgy Society of Canada,
London, Ontario, 20-24 Auoust, 1978,

Setting Up a Solar Workshop in Rural Iran, presented at the Renowable
Alternaliy Conference, Solar Fnerqy Society of Canada, London,
Ontario, 20-24 August, 19/8,
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RESUME

. Steve Blake Route 1, Box 93-A
Age - 32 Oskaloosa, Kansas 66066 USA
Single 913-597-5G03
ENUCATION

Master of Arts in Geography (abt) specializing in site
selection for wind systems; Department of Geography-
Meteorology, University of Kansas; Lawrence, Kansas; 1974.

Bacholor of Arts in Philosophy; Department of Philosophy,
University of Kansas; Lawrence, RKansas; 1968,

Latin American Studies (minor area of study); Latin American
Studies Program, University of Kansas; Lawrence, Kansas; 1068,

Philosophy major; Department of Philosophy, Tulane Un.versity;
New Orleans, Louisiana; 1965-196€,

Graduated from Pembroke-Country Day School; Kansas City,
. Missouri; 1964,

EMPLOYMENT

1964 - Grain Ananlyst; Kansos City Board of Trade; Kansas City,
Missourd.,

1265 - Construction worker: Alaska Railroad; Anchorage, Alaska.

1967 - Foreign car service mechanic; Competition Spurts Cars,
Lawrence, Kansas

1968 -~ Millwright:; "nternational Brotherhood of Millwrights and
Joiners: Lawrence, Kansas,

1966 - Contractor involved in building, concrete fabrication,

to trucking, and salvage; self-employved; MclLouth, Kansas,
1072
1972 = Wind energy consultant: Sunflower Power Company and

to the Appropriante Technology Group: Ogkaloosa, Kansas,
1079




PROJECTS .

In 1972 I founded Sunflower Power Company (formerly Wind Energy
Systems) and the Appropriate Technology Group.(A1G),

Sunflower is a sole proprietorship involved in the research and
development of wind resources for electrical generation and provides
System design, consulting, and hardware cistribution services,

The Appropriate Techpo’sgy Group is (becoming) a non-profit
educational and scientific organization involved with developing
wind encrgy resources in developing countries.

The following is a list of projects in which I have been involved
through Sunflower and ATG:

Year Client Project Description
1978 Luis Provided recommendations with regara to
Wachong reconditioning an existing 60 kw isolated

hydroelectric system for parallel generation
with the Natrional Electrical System of Costa
Rica using »n 100 kw induction generator,

1978 Aluminum Designed and constructed a working scale model
Company of of ALCOA's preproduction Darrius wind electric
America syastem, The model was used by an ALCOA division
(ALCOA) manager to demonstrate the design to the ALCOA

Board of Directors at annual budger meetings,

1078 K., Everett Designed and installed a 2 kw wind electric

DuPuy system in parallel generation with Xansas Power

and Light Company's utility network. This system
provides part of the electrical requ!rements
1o & residencve in Junction Clty, Kansas and
uses a synchronous inverter for interfacing.

1078 U.S. Dept. Consulted with regard to a nation-wide
of Energy - demonstration program in which 100-200
Rockwell residentinl-size wind machines would be

International installed, Provided rezommendations concerning
potentinl site selection strategies and the
problems which could be anticipated with
electric utility companiesn,

1078 ¥orld Bank Presentad an overview of the economics of wind
energy world-wide as they are affected by the
cost of fuel and wind energy potential, llm'iv\.
wind electric and water pumping technologies
and the eurrent activities ipn these arens.
inde specific reocommendations concerning how
the Dank ecan prepare to implisent the use of
wind energy on & world-aids pasis (see Writings).




1978

1977

1978

1976
1979

1997

1077

1077

1977

1976

1078

Volunteers
for Inter~
National
Technical
Assistance

Windworks,
Inc.

Ted
Swansen

American
Wind Energy
Association

Kansas
Senate,
Energy
Committee

ATG
in-house
project

Western
Elesctric

U.S., Dept,
of Energy =
Battelle
Northwest
Laboratory
Facility

Robert
Nunley

Kanpas
University,
Electirical
Engineeriug
Department

Presented a seminar to a group of development
workers from Honduras and Guatemala on the

use of wind energy. VITA is a clearing house
for technical information to the international
development community and I have assisted them
since 1975,

Managed the Gemini Synchronous Inverter program,

Designed and installed (with Wirdworks) a 2 kw
wind system at a residence in East Troy,
Wisconsin, This system generated in parallel
with the Wisconsin Electric Company,

Elected by the membership to tha Board of
Directors and appointed as Treasurer by the
Board. Responsible for the financial organ-
ization of the Association including researching
and establishing AWEA as a non-profit trade
association, Kept all books and records.

Presented an overview of wind energy develop-
ment on a national scale, and the economic
potential of using wind energy resources in
the State of Kansas,

Organized a series of workshops at which
participants learned about and then built a
solar domestic hot water heating system,

Presented an overview of wind energy develop-
ment at Western's Engineer's Week.

Performed an investigation into the history

of selecting aites for wind machinea, Performed
an extensive literature review and travelled
over 4,000 miles to interview past installers,
distributors, users, manufacturers, and
researchers of wind systems (sce Writings).

Designed and installed the first wind system
in Kansas which generated in parallel with
the atate's electric utility network.

Designed, built, and tested a Savonius rotor
wind turbine mounted in an cctahedron module
tower. This design for developing countries
uses 55 gallon oil drums and wood bearings,

and provides mechanical power for water pumping.




1975 Sunflower Reconditioned six wind machines for use in
in-house demonstration projects. These machines
project had been recovered from midwestern farmers

who had used them prior to rural electrification,

1975 Henry Installed (with Windworks) the first
Reuss, U.S. residential-size wind electric system in the
Congressman United States which genernted in parallel
from Wisc. with an electrical utility network,

1975 Windworks Engineered the Windworks designed Octahedron

Module Tower for production.

1974 Brace Constructed, installed, and tested the Wind-
Research works designed sail windmill, This machine
Institute is designed for use in developing countries.
of McGill Critiqued the design, and updated the blue-
University prints and construction manual,

Designed, constructed, and tested three Savonius
rotors in a program of comparative testing.
Participated in the design and construction

of a fully instrumented passive solar dwelling
for use by the Cree Indians of northern Quebec.

1974 Gates-Lear Prepared a report on the use of wind electrical
Jet; Kansas systems in solar housing designs; seven man
University research team.

1973 Ray Wilber Constructed and tested the Jim Sencenbaugh
designed wind electric system which uses an
automobile alternator, a 10'rotor, and has
a capacity of 750 watts. This machine won
Third Place at Kansas University's 25th
Annual Engincering Exposition.

WRITINGS

"Wind Driven Water Pumps; Economics, Technology, Current

Activities'"; a report prepared for the %orld Bank: Decaember,

"Geographical Parameters Affecting the Selection of Sites for
Wind Energy Conversion Systems': Muster's Thesis, Department

of Geographv=Mateorology, Kansns University; June,

1974.

1978,

"A Framework for Selecting and Evalusting Sites for Small Wind
Energy Conversion Systams”; a paper presonted at the Sixth
Americnn Wind Energy Associaticn Confersnce; Boulder,
Colorado; May, 1877,
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"Information and Interviews Concerning a Survey of
Historical and Current Site Selection Techniques for Small
Wind Energy Conversion Systems'; a report prepared for the
American Wind Energy Association under contract No. E(45-1)-
1830 with the U.,S, Department of Energy, Battelle Northwest
Laboratory facility; February, 1977,

"Savonius Rotor Wind Jurbines'"; Wind Power Digest, Fall, 1975,

"Report on the Sail Windmill Development Program'; Brace
Research Institute Report No. L-87; April, 1975,

"Interim Report to Karl Bea Associates'; a site investigation
for a 50' diameter wind system proposed by Ultramar 0il Co.
of Great Britian for an oil field in Saskatchewan; Braca
Research Institute; November, 1974,

"Wind-Solar Energy Investigation, A Feasibility Study of a
Wind-Solar Powered Home'; a report prepared by Aerospace
Engineering Seminar 802, University of Kansas; May, 1974.

OVERVIEW, RELATED ACTIVITIES

The organizing principal of my work has been to build and

nurture spirit, To this end, I have been working since 1972

to develop wind energy resources as wind is a gentle and dispursed
energy source with the potential of allowing greater harmony in
nature and among men. This work has permitted me to learn and gain
experience in design, business, engineering, and politics,

I have travelled extensively in the rural areas of Guvana, Brazil,
Colombia, Costa Ricn, Nicaragua, Honduras, El Salvador, and
British Honduras and speak Spanish.

In 1968 I was tha Sports Car Club of America Class F Midwest
Regional Champion, and have raced motorecycles,

Since 1075, I have lived in n small house in the country with a
hand pump for water and a wood stove for heat,

I enjoy photography, the flute, and good friends.
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A FRAMEWORK FOR SELECTING AND EVALUATING
SITES FOR SMALL WIND ENERGY CONVERSION SYSTEMS

A paper presented at the by Steve Blake

Sixth American Wind Energy © Sunflower Power Co,, 1977
Association Conference, May, Route 1, Box 93-A

1977 at Boulder, Colorado, USA Oskaloosa, Kansas, USA

I wiil talk this morning about site seleaction and evaluation techniques for family=
small business size wind energy conversion systems (WECS), I will in turn address one
of our many goals in the Wind Energy Industry today, that of projecting long-term
wind power potential at optimum sites so as to provide reasonable guarantees of life-
cycle WECS performance to users, I wlll summarize the state-of=the-art in this area
and will define a framework for further investigating and understanding the problems
we are encountering,

Problem Framework

It is helpful to consider site selection and evaluation within the framework of the
central question asked by potential WECS users: "What are the cost-benefits of wind
energy; are WECS sound investments?" The answer to this question varies geographically
and is typically based upon an understanding of four factors:

= the anticipated amo'nt of electrica’ demand

the cost of electricity from competitive sources over the WECS life-cycle
= the costs and projected life-cycle of the WECS being considered

the wind power potential available to the WECS at a proposed site,

The area available go ohgcating a family-small business size WECS is typically limited

in size and its locationsoften determined by factors other than maximum wind power
potential with current occupancy, land prices and availability, and access to roads,
utilicies, etc, being primary considerations most often, In such predetermined, small-
scale arcas, analysing wind flow patterns is simpler as compared with larger-scale areas,

I also find it useful to consider site selection (determining rotor=-tower location)

and site evaluation (determining wind power potential at the rotor) separately, while
in actual field situations these may overlap. I will first consider the site selection
guidelines available for our use today, and will then consider site evaluation methods.

Site Selection Lesacy

At the UNESCO Wind and Solar Energy Symposium in New Delhl {n 1954, E.W. Golding stated:
"The selection of wind power sites appears to require skill, acquired by experience,"
At the United Nations Conference on New Sources of Energy in Rome in 1961, after two
decades of site selection research and gxpcrlonco. Golding said: "Hitherto, site selection
has been an art rather than a science,"* The experience gained since then and since

the recent renewed i{nterest in wind powver notwithstanding, those statements of Golding's
relate the essence of the state-of~the-art in site selection as it is available to us
tocay., These same conclusions are expressed over and over by Ed MeCartle, Marcellus
Jacobs, Ralph Schupback, and ethers who pionecred and developed rural wind electric
syastems in the United States before the advent of Rural Electric Associations,d Our

Job then appears to be one of integrating, not difforentiating, the art and the science
of site selection,
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The following is a distillation of site selection guidelines which have evolved through
past experiences with WECS in the rural United States. Note that these guidelines,

while not the product of a quantitatively based scientific method (anemometers were .
not used and wind speeds of an area were largely unknown), have eyolved through tens

of thousands of applications by machinery-wise farmers in a very competitive market
situation:

= The tower should be located on the highest terrain near the batteries (load
center), This provides a natural height advantage for capturing the smoother,
more powerful winds at these greater heights, Low-lying terrain should
be avoided,

= The tower should be located on flat terrain rather than on a slope as
wind flows parallel to terrain surfaces, not perpendicular to gravity.

= The tower should be sufficiently tall to place the rotor a minimum of 20',
and preferably 30', above all trees, buildings, or other obstructions to
the wind within a 300-500' radius of the tower to again provide access
to the smooth, non-turbulent winds, Note that users were often reluctant
to purchase sufficient tower height and that manufacturers would refuse
to finance installations which did not meet these requirements,

= Over level to rolling, open farm and ranch country, 45-50' minimum and
65-70' waximum tower heights have been used traditionally.

= Towers should be pznced in=line with, not perpendicular to, the ridges of
nearby buildings.,

These common sense guidelines evolved primarily through experience in level to rolling
farm and ranch country, Note that regional or local conditions nay present additional
considerations to selecting sites, especially in arcas of rugged or mountainous terrain
Examples are areas of turbulence, or backwashes, which can exist on the lee slopes «f
hills, valleys which channel wind flow, hills which split wind flow, and ridges which
comprass wind flow, Any of these situations can exhibit highly localized variations

in wind power potential,

A number of additional considerations which we have found helpful in our work in the
field ara:

= The optinum distance from the generator to the load center mé?nggrﬁatanainod
by comparing wire coat, power losses and permissible voltage drop,

= Often when selecting a site, the unavoidable disruptive effects of local
obstructions such a hills, trees, buildings, etc, may be minimized through
understanding the local wind power potential by direction, The tover=rotor
may then be located downwind of the obstruction relative to the direction(s)
of low wind power potential,

= Selecting optimum rotor height is alded by an understanding of the increase of
wind speed with height at the site, or the wind profile. This understanding
enables a definative cost-benefit analysis of tower height va, WECS output
and may be based upon a theoretical understanding of wind profiles (in
terms of surface roughness primarily) or may be directly measured,

= The growth of trees and future building projects near the tower=rotor which
will disrupt wind flow should be anticipated,

Site BEvaluation

Having thus fsolated the optimus tower=-rotor location(s) in the available area, the .
next atep i3 to quantitacively evaluate wind pover potential, This evaluation
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procedure typically involves direct on-site measurements of wind speeds from which
wind power potential is projected based upon an established wind speed record from
a nearby station and a useful correlation between simultaneous measurements at the site

and the station,

("'Remote" evaluation procedures, where no on-site wind speeds are recorded and wind
power potential is projected based upon a site's relative exposure to the regional
wind patterns as determined again through existing records from nearby, established
stations, while ideal in concept, are not available to us as broadly applicable,
proven techniques today, However, certain remote methods are noteworthy as they apply
to specific applications,)

(Automatic Power, the Houston based distributor of Aerowatt in the U,S,, remotely
projects WECS performance on off-shore oil platforms solely on the basis of
extrapolation from established, on-shore wind s7eed records, This technique has been
successful in these critical aids-to-navigatior applications in part because the WECS,
including battery storage, are typically over-sized by a factor of 2-3 and in part
because a water surface is an ideal situation over which to extrapolate a wind pattern,’)

(Remote evaluation of a region in which a site is to be located is a useful means to
deternining a first approximation of WECS feasability within the region. Regional wind
speed records available through the National Climatic Center (NCC), Federal Building, 6
Asheville, NC 28801 and through Jack Reed's Wind Power Climatology of the United States
provide the bases for these evaluations,)

(Battelle Laboratories recently issued a Request for Proposals for work to investigate
evaluating favorable sites over a larger scale area than is typically available to small
WECS, Spin-offs from these investigations may well be appl’-able to remote evaluation
of sites for small WECS, Battelle {s also sponsoring the NCC to assemble an index of
all wind sunmaries (over 5000) in the NCC archives, This index which should be
available soon will provide a tool for botter understanding local wind patterns,’)

Our site evaluation research and {nstullation programs in Kansas are designed to provide
us with a comprehensive understanding of our region's wind power potential patterns
while making the most effective use of the resources available for this agpect of our
ork. Our goal has been to build an experience base which will enable us to guarantee
an installations performance at a client's site, Building this base requires on-site
wind speed moasurement prior to a WECS installation, and this measurement equipment
remains with the installation subsequently, Hence, we wish to minimize the cost and
time demanded by this equipment, These cost-time constraints in turn discount the use
of expensive frequency distribution recording equipment or chart recorders and dictate
the use of conventional cup anemometers coupled either mechanically or electrically

Lo an odometer type of integrating device which thus provides a record of mean wind
speed over time, These cup ancmometer-odometer type devices typically sell for around
$100, If a WECS iz then {nstalled, an AC kilowatt-hour meter (about $40 for 110 volt
models) is included with the installation which in conjunction with the anecmometsr=
odomater provides us with an ongoing, fixed reference in our region, (The electric
utility grid in our area is well developed and WECS interfaced with the grid are

used most frequently,)

Since pover varies as the cube of the wind velecity, mean wind spee recorced
these odometer devices do not accurately reflect the pover in chz % 5¢%5“f§e*§33§2g§3°“='
then is what relationship, {f any, exists batween mean wind speeds and wind power
potential? To deteraine the nature of such a relationship, we analysed wind speed daca
expressed aa both frequency diastributions and as annual sean wind speeds for each of
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138 wind speed recording stations in the United States over a 10 year period.8

First, the ratio of wind power potential as the sum of power in each wind speed intery
(Pa) to the wind power potential as calculated solely from the annual mean wind B.
speed (P;) was determined for each station, a ratio called the cube factor, Next,

cube factors for that portion of the wind spectrum available to WECS with 8 mph

cut=in speed and an 18 and 25 mph rated speed respectively were determined, For WECS

with 8 wph cut-in and 25 mph rated speeds (noted hereafter as 8/25), 92% of all

locations in the data set with annual mean wind speeds over 9 mph exhibited cube factors
within + .10 of the curve depicted in Figure 1, For WECS with an 8 mph cut=in and

18 mph rated speed, 96% of these same locations exhibited cube factors within + ,10,

The Electrical Research Association in England investigated simil relationships
at over 100 stations in Great Britian (G,B,) in the late 1940'5“3§Ef1950's and
determined that nearly all stations with mean wind speeds between 19 Bnd 27 wmph
exhibited cube factors within + .04 of the curves shown in Figure 2,

These daga may also be interpreted in terms of wind power potential in kilowatt=-
hours/ft*/year vs, mean annual wind speeds as shown in Figure 3 which aids in analysing
the performance of specific WECS, Or as the Electrical Research Associacion prefers,

as kw=hrs/kilowatt of rated capacity/year which holds if the co-efficient of performance
of the system at rated output is the same a3 the co-efficient of performance of the

system over the total operating range of wind speeds in which power is produced (Figure 4).

It is also interesting to note the relationship between increasing annual mean wind
speeds and the subsequent increase in wind power potential available to WECS with
various cut=-in and rated speed limits as shown in the following table:

As mean annual wind speed Wind power potential increases proportionally .
increases from (mph) as tha exponent (e)

US8/18 US8/25 GB10/20 GB14/25 GB17/30

8 to 9 1.94 2.32 2.30 3,76 4,87
9 to 10 1,50 244 1.86 4,49 3,41
10 to 11 1.90 2. 1-95 r I 30&6
11 to 12 1.66 2.24 1:.92 2039 2.50
12 to 13 1.55 2,10 1.78 2.31 o288
1] to 14 1,30 1.97 1,69 1,96 2,16

(based on ERA and Sunflover studies)

From this analysis of United States wind speed records, we concluded that a definate
relationahip does exiast between mean annual wind speed records and wind pewer potential
avallable to WECS with the noted cut-in and rated wind speeds and further that this
relationship is useful in evaluating on-site wind power potential based on mean wind
speed moasurements, llowever, to further sert out the geographic variables which affect
this relationship, we are currently analysing all avaiflable wind speed records for
Kansas to further define the exact nature of these relationships in our area,

If on=site mean wind speed racordings provide useful indications of wind powver

potential, the next question sncountered {s how to project long=tern (10-20 year)
potential, Discounting long=ters, on=site measurements, we attespt to establish {f

a useful correlation exists between on-site =ean wind speeds and simultancously .
measured windspeeds at a nearby station with an established record, If such a corre=
lation exists, the record of the nearby station then provides the basis for projectin:
leng=ters, on-site potential,
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Putnam found in New England that a comparison of 90 days of data from a potential
WECS site and simultaneously recorded data from a nearby establizhed station on a
simple wind speed ratio basis provided sufficient basis for projecting long-term site
wind speeds within an accuracy of roughly + .10 for stations separated by as much as
30 miles and 200 feet of elevation,l0 Claude Duchon at the University of Oklahoma, in
investigacions similiar to Putnam's over a 50 mile separation distance near Oklahoma
City hag datermined similiar correlation exists with a probable error of less than

+ .10,

Note that in attempting to establish the correlation between on-site measurements and
simultaneous measurements at nearby established stations that records from many
established stations are typically visual observations for one minute each hour, This
will pose difficulty to establishing correlations with continuously recording

odometer type devices, To bypass this difficulty, we are placing our own wind-run
ancmometer at nearby stations to provide as reliable a basis as possible for
determining these correlations,

The Direction

We are uaing this framework and these guidelines as our starting point for understanding
our regional wind patterns, Once we have built our experience baza, we hope to find
patterns of terrain, surface rovghness, exposure, etc, such that "remote" evaluations
bugin to more and more provide reasonable projections, This will then have brought

us full cycle from the art of the pre-REA dealers through the present scientific
underatandings to a well-tuned procedure based upon both,
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The Mavonius rolor (S rotar) was inyvented by Caplain 8k
purd Savonius, i Finn, bn 1920 Since that time, no less than fours
teen research groups have investigated and eyvaluated S rotorn
of various sizes and conligurations both in free wind and in wind
tunnels.

This article distills the experiences and findings reported
by these groups and our own experiences and findings, 1 con-
siders bmportant design parameters, advantages and disad.
vantages of the design, certaln technbques and materials for
slmple rotor construction, and rotor sulputs whien coupled with
waler puinges and electrical generalors,

The author, Steve Blake, has had estem e expeiience with
the construction and testing of the Savonius otor design, His
report here s based on bis work swith the S rotor at Hrace e
search Institute aodd ot the Unidversity of Kansas, The following
artiche summariies over wo sears work by Me, Blake and s
A review of esaentially all that bs Kuown about the rolur, Meyve
s i working with The Appropriats Technslogy Group, a noan
prolit organization lmvolyved o the transfer of Information and
the implementation of apprepriste technelagios. e can be
feached by writing to Houte 1, Hos 350, Ohhalena, Kausas
[ TRV

Saviduus rolor wind turtines have been wied o posey
water pumps, electnical generators, sentilation systems ated
pailing besats AThee rodoar 15 s i ¢ .!l.tfllv b hend woaler tur
tine 0 floas greater than 5 miph 1hey have been ] in
e/ wave ponered pumpes, are currently wad as curfesd fos
et g i tisinends, aved bave Lewny progemnaed for goean currem
and river electneal getsetating slat s )

Advamtares of e rodir mre Ut of os samneibirey Diostsal sl
ran ke pdvantape of wareds Troem sl directirs wilbasat haying
16 stient The rodof can sum) ¥ vl rodating shalt pwee ey
al wivmirw] beved And 1) e oo adenige i lovsls jlaacil tn STTE Ll
SO T heth Dew Butskipuers wadngd huared Dieods andd harda afe sluge mat
ofiale

e isalanlages ad the 160 Qe are 11 e sadidily

fatsad e wii A o miiads afe c’éii.-ill'oll|‘h' 1]

s
Begh 81 1 hed Sedidity ratua od md 0% are conntnes oo bat apattal
ANl s Ninas Thotelram s gomat 1y 40 fermes ol 1y Mot ial pse
MEEM, Al it Arvl beg gine the fodtaof be Tully s jenent *0 high
b ds, e pododr avsl Live of Hdad Lo # sjslide id o i ttandeng udl

WIND POSER DIGEST
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high wind forees. Many wind machines have high wind govs
erning mechanisms which allow them to spill high winds,

Itpm limiting spoil r {laps actuated by centrifugal force
at a predetermined srotor rpm have been used. These limit
centrifugal forces on the rotor but do not diminish wind forces
of the rotor and tower. Many rotors have destroyed themselves
from centrifugal forces and vibration at high wind speeds.

Construction Techniques And Materials

Our involveinent with the s-rotor has been concerned pris
marily with its use as a waler pumper which ean be built at the
village level using locally available skills and materials in newly
industrializing areas of the world, And in these applications,
sail windmills should also be considerad in altempting o deles -
mine the best tool [or the job

We use 85 gallon (US) drums for the wings as these are a
vailatde in many areas. The deyms are sphit in half lenglhw ise
and the eaposod edges folded back 5™ lor safely and added
strengih. To brace against centrifugal lorces, opposing wing
edpes are staved s ith wire to one another. End dises ave been
made of milled lumber, pdywoed, o Mattened oll drums. In the
atmplist of designs, end dises are pot wsed and the roflor works
al lower efficieney. 18515 Ld galvanized plumbing pipw s
used for the center shall when using one or twe drums

Heducers are [itted (o the ends of the center shall 1o ac
cepl a 75" galvanized pupe, This pupe has an outside diameler
of roagehdy | 1087 oot fgs s Padear 100G 1 106" flange nvaundisd
steel raller bearing The concentnie, sell-lacking nature of Lists
bearing allows lor satne free play betwecn e beaning and the
lilll“

We arte investigating hardeond bearings lor sitisations
where the cont and/or availatality of stee] poller bearings is a
prlidem, A pdyeth lene washat bedscen the bomer bwarieg
halves reduces frictin hetween he surfaces. A gravity fed,
drip saling systom furtber reducos IRl hege

Thar polto pectiind 0 Kaneas Uninefsily s Pagddt wasing
Bared Laols ared dors ad require wedding of maching Wolk
Promer losds faciditale ponstiuction bt are fed Fesjuied Thas
‘-_;-.‘g_hlr pees slher waesl B sleel mlier Imarings 1oF oy
jaafitatis I in LabaRinshs Flonbule Loaod wat (uiill o fariiitale
Pk bt tenting A puyed woesd A Trare tow oy of msillod bumi
Vwe add I dos weha wedl sovl b2 beca guntly Materials for s
fadiod il olow | pedle® b ivde comd B35 05100 Do (e Ve e ) arad
it Lakoes 100 200 svaam Dauis Lo gaseamtide § 25 S0 baaars fidl 15 Lisnef)
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Output

We have worked with a diaphram pump (Brace design)
with a two drum rotor which will deliver about 300 US gallons of
water per hour in a 12 mph wind at a head of approximately
10 feet, We are currently working with a much simpler centris
fugal pump developed by the International Rice Research Ins-
titute (IRID which has a greater output capacity and can be
built entirely from stock 1" or 1 23" 1.d plumbing pipe and con-
nections. These are hoth suction pumps and are restricted to
lifts of roughly 20' or less.

The maximum amount of electrical power available from a
two drum rotor in & 12 mph wind is 23 watts or 18 kilowatts
hours over a month's time. This is rotor output enly and does
not include the losses in the necessary gear Slep-ups or geners
ator/alternator inefficlencies which together may well do.
erease this amount of power available by over one half.

|

|

|

Various rotor shapes have been tested and a semi-clreular !
]

|

|

’nﬂta

—
———————

shape yielded the highest comparative efficiencies (the power
produced by the rotor/the power available to the rotor from
the wind),

Hotor elficiencies varied between .10 and 37 with 20. 25 s e | v U} | O ———]
being measured most consistantly, Efficiency increased at ! 1
MEher witid speeds (higher Reynolds numbers) and Increasing T e
the rotor's weight decreased rfru-irm*y. The highest efficiency P
measured with an ol drum design was .15,

Highest efficiencies resulled from a gap ratio (g/d) of
approximately 1110, Rolors may be built without central shafts
However, this weakens the rotor's structure and requires that
materials be added elsewhere

For a given wing diameter, rotor elficiency increased as
the B/d ratio gol Larger (as g got larger) but the power produced
by the rotor decreased because the total amount of rotor area
exposed lo the wind decreased by widening the gap |

Ve end dises are l’ﬂiulrﬂl ta contain the wind stream and
to v avent wind from spilling over the rotor ends. An end dise l
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l
|
|
|
|
|

e ———
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diameter of 1.20-1.30 the diameter of the wing span (D) yielded
highst effliciencies
There were conflicting results regarding the efficiencies of ( l | !
two and three wing roftors. In thase cases where the efficiencies Betor /
of three wing rotors was shightly better, it is doutiful that
the extra materials and complicated construction technigue are | ] |
Justified ’ <
Hotors with one sed of twn wintigs will nod start 1 cerlain J WA
orientaliins o the wind This s torrecied by symmetrics ly [ s e _:: ‘I_. — :_"_4’.":)
aifselting an alternate selis) of Wings about the central shaft (1) \ T '.' ’,Jf
i see phola) LN, ’ "
Hotor etlnr'm\cr was highest at & tlip speed satio of 7.9 '
(where the outer edge of the wing travels al .7 9 the speed of
the wind) and rolor efficiency does ot decroase significantly
through 3 tip steed ratio range of 611, This indicates that
the rodor ved ks effex tively over 3 bioad range of wind ared biaad :
conbithons. With increasing redor dismneters. o gt shall rpem Sariag - (igh ]
dexteased i Imerse progqestion. Centrifugsl lorves on 5 redor :’ 4 I A ."’\:' I !
Varied imversely with ifcivased rodor idiameters thower shaflt “alt. 5 H
p's) g i G .
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Directions And Hefrirnees

(it plans inchide werking in Latin Amireiea ta bl imnpdic 5 1, SR Lo
end e Gee o wind envigy 1 Yom afe ibdefentng in _u.qi"gl iifg Yoli - LT :
IS effont, contact us. We are FOpang a oomstrurtion hesk B i
bet oo e s Foddion framps, ated tomer Lo 300 in tus we = .
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cGuivalent nuebar of Larrels of ot that
BCUIO AStl Le wmparted 1f thesc solar e Gy
teChn.iues were teplesentes in substitut van
Of Oerived encrgy. Portiors of this cccusent
are not fully lagible.
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PAGE 1

77-086756

STUDIES ON THE EFFICIENCY OF A SOLAR
DISTILLATION STILL FOR SUPPLEMENTING DRINKING
WATER SUPPLIES I SCUTH WEST AFRICA.

Van Steenderen, R A,

HATL INST FOR WATER RES OF THE COUNC FOR SCI
& END RES. PRETORIA, S

Water SA v 3 n 1 Jan 1977 p 1-4

WASADV

435;. 446: 471;: 802

WATER TREATMENT--Salt Removal

SEAWATER--Salt Renmcval: WATER SUPPLY--Water
Quality. DESALINATION

SOLAR DISTILLATION STILLS: DRINKING WATER
The Investigation described deals with the
use ot solar distillation for the
desalinaticon of brackish water or scasater In
South West Africa A sultable solar * still
* could supply the basic drinking water
requirements of families living on remcte
farms. From various establisrhed designs. the
double Inciined roof stlill was chosen for
evaluation under local climatic conditions,
Special attention was glven o sisplicity of
construction. minimum capital outlay. long
life and ease of operation. Investigations
were carried out on the glass thickness used
Iin the roof structure. construction features
and performance of the still under various
Climatic and environmental conditions. 4
refs.

77-080463

ECONORICAL INVESTIGATION OF SOLAR WATER
DISTILLATION IN EGYPT

Sakr,. I. A . Khaltil, . A.

HATL RES CENT_, DOEK]I, CAIRO, EGYPT

Proc of the Int Sy»p on Fresh Water from the
Sea. Sth. Event of the Eur Fed of Chem Eng.
162nd. Alghero, ltaly, May 16-20 1976
Sponsored by Eur Fed of Chem Eng Work Party
on Fresh water from the Sea. 1976 v 2 p
477-4B62

452;: 471; 643: BO2: 901

DESALIMATION- -Economics

HEATING--Solar; SEAWATER--Distillation; WATER
TREATMENT PLANTS--Egypt: SOLAR ENERGY

This paper presents results of an
experimental program In which technological
and economic data are cobtained. They shos=
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that: the solar intensity has a mean dally
value of aboul 6000 Kcal/m**2. and the glass
covered unit has a mean total dally
productivity of abowt 3. 000 litre/m**2 Qgay,
while for the plastic covered unit is about
2, 25 litre/im**2. day). The resulls are
shown In table and represented graphically.
The results of engineering and economic
investigations were used to calculale the
capital costs. operating costs and =pectfic
water costs for various distillation plant
sizes (glass-covered and deep-basin still)
for capacities ranging from 1000 to 10,200
litre/day. It i1s demonstrated that the cost
of fresh water production by solar energy In
Egypt can be reduced by using Improved stills
giving higher procduction and using site
facilities to corstruct the stills with
minimum coslts.

77-08B0482

Solar Distillation with Evaporating Wick.
SONNENDESTILLATOREN MIT VERDUNSTUNGSTUCH.
Hirschmann. J.;: Fheinlaender, J.

UNIV TEC FEDERICO SANTA MARIA, VALPARALSO.
CHILE

Proc uof the Int Symp on Fresn Water from the
Sea. 5th, Event of the Eur Fed of Chem Eng.
162md. Alghero, ltaly, Ray 16-20 1976
Sponsored by Eur Fed of Chem Eng wWork Parlty
on Fresh water from the Sea. 1976 v 2 p
447-45%6

471; 641; B4l1. BO2, 921

DESALINATION: -Eqguipment

HEATING--Solar; DISTILLATION
ENUIPRENT - -Desian; MATHEMATICAL TECHNIQULS:
HEAT TRANSFER, SELWATER--Distillation
EVAPORATING WICK

This paper reports from the esperimental
Investigations on solar distillers with
evaporating wick realized by the Solar Energy
Laboratory of UIFSM at Valparalso/Chile. The
model USM-S with only one wick facing towards
the equator in a flat container of galvanized
sheet showed the bLest efficiency up to now.
But the sheet musl be replaced by a
corrosion-resistant material (f. e.
plastics). In order 1o gain gualitative
information about the thermal processes in
such systems, theoretical computations have
been realized us the analogy between heat
and mass transle.'fhls procedure showed
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that the air-circulation caused by the
thermo-siphon-effect In the sodel USM-9 s
not always advantageous. Its sppression by
avoiding the backward alr-volume forces a
groater partition of the tota! Incident
energy to leave the wick as latent heat of
evaporation. wWick-type distillers
demonstrate efficiencies which are about 1. 3
times higher than those of basin-type
systems, but they reguire more accuracy of
construction and maiutenance. 8 refs. In
German.

77-062137

DESALTING WATER BY SOLAR DISTILLATION.
Taylor. Floya B.

EPA. AIR & WATER PROGRAMS D1V

Plumbing Eng v 5 n 3 May-Jun 1977 p 34 35,

37-38

PLENDY

445; 615; 657, BO2. 901

WATER TREATMENT - -Salt Removal

DESALINATION: DISTILLATION; SOLAR ENERGY:

ENERGY UTILIZATICON

SOLAR DISTILLATION

A discussion of the curreng state-of-the-art

of desalting water with solar energy 1s

presentea. Also covered iIs the utilization

of solar energy 1n the evaporation of brines,
the by-product of all desalinatlion processes.
Experiments have been conducted with more
sophisticated methodas of utilizing solar
energy where solar heat collectors are

arranged to raise the temperature of water by

only a few Odegrees and this energy Is used to

operate a multiple-2fiect humid.fication
evaporator.

77-052186

SOLAR-ASSISIED DISTILLATION OF SEA WATER.
Tleimat, B. W.; Howe, E. D.

UNIV OF CALIF., DERKELEY

HWSIA J v 4 n 1 van 1977 p 17-28

HaSADI

445. 471: 657. BO2:. 901

SEAWATER--Salt Rewoval

DISTILLATION. SO1 AR RADIATION--Collectors:
EVAPORATORS . ENFRGY UTILIZATION

The preliminary design of a plant to proouce
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SOLAR DESAL!KIZATICON

40 m**3/ 1ay GI trezh water is given. The
plant censists of a 15-effect rotating
evaparator, together with the solar
colleclor, water storage tanks, flash tank
anc various pumps and contreo!s In the
rolaiing evaporator steam |s conden=cd on the
Inside flat surta. s of Narros cylindrical
enclaosures and the latent heat Ju nishea
thereby 1s used to partially evapurate sea
water from thin files on the u'her facey of
the flat surfaces of the cylinder. The
thickncss of the illms Is control led Dy
radial wipers bearing cn the ends of the
rFatating enclosure and by the speed of
rotation. The electrical energy reduired Dy
the rctor and the several pusps 1s of the
order of 200 kiwh,;day or 5 kREn/m**2 of ater
procuced. Estimates of the caopital anc
Operaling costs indicate that distilleg water
Could be produced »ore cheaply by the
propased plant than by solar dittillation
using basin-type distillers. 13 refs.

77-032331

SOLAR DISTILIATION AND COMBINED DISTILLATION
AND WATER HEATING FUOR TROPICAL AREAS.

Dunkle. Robert V.

CSIRO. VICTORIA, AUST

Proc of the Southcast Conf on 2ppl! of Sol
Energy. 2nd. Baton Rouge. La, 2pr 19-22 1976
Sponsured Ly EFDA (LONF - 760423). Oak Ilgge.
Tenn., 1976, Available from NILS,
Springfield, va p 198-172

q02: KO2;: 615;: £57. 901

HOT WATER SUPPLY “YSTENS

SOLAR ENERGY--Energy Uttlizatton. DISTILLATION
A simple solor »otler heater Intendged for use
In trepical areas soch as Indgonesia has been
built and preliminary perforsance Lests run
under Melbourpe conditirons. 4as the major
mode of heat loss 15 due to cudensation of
the glass 't seem.. reasonable to collect this
distillate for foasehold consuvept ion a
solar heater-stil! comtiination 15 bullt ang
performance » igures are presented Solar
siil) theory in SI snmits ang generallzeda
Curves are presentcd for geterminat ion of
sciar still anag water heating performance ' 3
Corparison 1s made Lelween theOretical ang
experimental performsance of the combination
solar still--.:ter..ner- 14 refs.
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SOLAR DESALINIZATION

77-030852

SOLAR-ASSISTED DISTILLATION OF SEA WATER.
Tleimat, B. W.: Howe, E. D.

UNIV OF CALIF. BERKELEY

Heliotech and Dev. Proc of the Int Conf,
Dhanran. Saudi Arabia, Nov 2-6 1975 Publ by
Dev Anal Assoc, Cambridge. Mass. 1976 v 2 p
458-462

B802: 901;: 615: 657

DESALINATION--Energy Utilization

SOLAR ENERGY--aApplications;: EVAPORAIORS:

SOI1 A2 RADIATION--Collectors

The preliminary cesign of a plant to procguce
40 m**3/ day of fresh mater IS gliven. The
plant consists of a 15-effect rotating
evaporator. togettecr =ith the solar
collector, water :lorage tanks. flash tank
and Larious pumps and controls. Steam \Is
condensed on the inside flat surfaces of
narrow cylindrical enclosures. and latent
heat 1s used to partially evaporate sea water
trom thin films on the other taces. The
electrical energy reyuired s of the orger of
S5 kWwh/m**3 of water produced. Cost estimates
indicate that water cculd be produced more
cheaply by the prcposed pliant than by
basin-type distillers. 13 refs.

77-03575%6

Solar Distillation State of the Art Review.
REVUE DE L"ETAT ACTUEL DE LA DISTILLATION
SOLAIRE.

Blanco. P.

COmM nAC DE ENERGIAS ESPEC, MADRID. SPAIN
Heliaotech and Dev. Proc of the Int Conf,
Dhanran., Saud: Arabia, Nov 2-6 1375 Publ by
Dev &Anal Asscoc, Cambridge, Mass. 1976 v 2 p
415-423

615; ©57: 802

SOLAR ENERGY--Applications

DISTILLATION: DESALINATION

Various types of devic:s are analyzec anad
compared. Technical and economic aspecls are
evaluated. 24 refs. In French.
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SOLAR DESALINIZATION

77-035772

SOLAR DISTILLATION FOR INTENSIVE CULTIVATION
IN ARID LANDS.

Frich. G.: Petazal. M.

UMIV TEC FED SANTA MARIA, VALPARAISO. CHILE
Heliotech and Dev. Proc of the Int Conf,
Dnahran, Saudi Arabia, Nov 2-6 1975 Publ by
Dev Anal Assoc. Cambridge., Mass. 1976 v 2 p
401-412

615; 657: B21

SOLAR ENERGY--Energy Utilization

IRRIGATION: DESALINATION: GREENHOUSES

Use of hermetically-sealed cultivation tents
for agriculture in the deserts of Northern
Chile that permits the reuse of water and
acts as efficient =olar stills is described.
Demonstration cf their economic feasibillity
Is given,

7G-078598

SOLAR PONDS AS HEAT SOURCE FOR
LOW-TEMPERATUPE MULTI-EFFECT DISTILLATION
P_ANTS.

Tabor. H.

SCI RES FOUND,. JERUSALEM, ISR

Desalination «~ 17 n 3 Dec 1975 p 289-302
DSLNAH

445;: &31. 643; 802. 9

WATER TREATMENT--Salt Rcmoval

WATER HEATERS -Solar; DISTILLATION EQUIPMENT ;
OPTIMIZATION

SOLAR PONDS. DISTILLATICN PLANTS
Hon-convecting sclar ponds have the potential
of providing low-temperature heat well below
Current fuel prices The gevelopment of
multi-effect distillation plants operating
below 100 DEGREES C allows solar ponds to be
considered as the heat Source. The paper
discusses optimization of the size of the
pond and the number of effects used, taking
into account the large vartation of pona heat
output between sunmer and winter.

Application of sular ponds to a betler
utilization of the desalination plant and a
redguction in the summer-winter yleld ratio is
discussed. 5 refs.
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SOLAR DESALINIZATION

76-054930

Modified Polyethylene Films for Solar
Distillation Installations.

MODIFITSIROVANNYE FOLIETILENOVYE PLENK]I DLYA
SOLNECHHYKH OFRESNITELEL.

Umarow, G. Ya.; Asamov, M. K.: Achilov, B.
M. . Sarros. T. K.. Norov, E. Zh.: Tsagaraeva,
N. A.

TASHKENT STATE UNIV.
Geliotehhnika
GLOTAY

B17; 615; 657; a4a4;: 471 ;
POLYETHYLENES--FiIm
SOLAR ENERGY: WATER--Distillation

Modified polyethylene films based on
polyvinyl alcohol have been obtalined by the
method of casting. A possibility of using
them as a transparent irsulation Iin solar
distillation plants Is shown. A comparison
of the weltltabpility. radiation transmission
coefficient. ang output capacity of the
films. depending on the method of film
processing. Is carred out. In Russian,

UZB SSR
n 2 1976 p 29-33

802

76-035668

Results of Tests of Three Designs of Typical
Sections of Solar Water Distillation Plants.
REZUL'TATY ISPYTANIL TREKH KONSTRUKISII
TIPOVYKH SEKISII SOLNECHNOI OPRESNITEL*NO!
USTANOVKI.

Setltturbanov, S.. Bairamov. R.. Tashnazarov,
B.
PHYS AEST INST. ACAD OF SCi. TURKM SSR

Gelintekhnitka n % 1975 p 30-33
GLOTAY
4443, 44%; BO2. £15. 657

WATER TREATMENT--Sait Removal
SOLAR ENERGY. WATER RESOURCES--Ari1d Regions
As a result of a comparison of the specific
efficiency of three typical sections and
Judging by the corplexity of the manufacture
and assembly of & solar water distillation
plant, 1t IS found that one of the versions
is the best design for such typical sections.
These plants could be used to ensure water
supply In desert regions with fresh water
shortage but having salt water reserves with
salt concentrations of not more than S50 60
g/l. In Russian.
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SOLAR DESALINIZATION

76-015976

GREENHOUSE SOLAR DISTILLATION UNIT COMBINED
WITH HEAT PIPES (UNSTEADY-STAIE CONDITIONS).
Bairamov, R. B.: Toillev, K.:

Mukharme tdurdyeva, O.

PHYS-TECH INST OF THE ACAD OF SC1 OF THE ITURK
SSR

Int Chem Eng
INCEAX

641;: B02
DISTILLATION
HEAT PIPES

A heat balance nas been set up allowing for
diurnal variations of the solar radiation and
ambient temperature to permit the calculation
of the thermal cord!tions and throughput of
solar distillation units with and without
heat plpes. J refs.

v 1S n 3 Jul 1975 p 454-456

00-001591

TWENTY YEAPS OF WORK OMN SOLAR DISTILLATIOM AT
THE UNIVERSITY OF CALIFORNIA.

Howe. E. D.: Tlemat, B. W.

UNIV OF CALIF. BERKELEY

Sol Energy v 16 n 2 COct 1974 p 97-105
SRENAG

615: 657: BO2
DISTILLATION
DISTILLATION EQUIPVENT
RADIATICON- -Col lecticrs.
SOLAR STILLS

These Studies have led lo the development of
Still units of relatively small size.
designed for furnishing potable water to
fsolated residences or small communities.
Designs have been completed using wooden
frames. precast concrete frames, and precast
styrotoam basins. Inis paper glives
inforrmation nn the construction and
performance of the several unils; indicates
the need for more effective uttlization of
solar energy:. and offers a conceptual gesign
of a solar collector for furnishing
low-pressure steam for operation of a
seawater distillation plant of adgvanced
design. 13 refs.

SOLAR ENERGY. SOLAR
SEAWATER--Salt FRemoval
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SOLAR DESALINIZATICN

74-073553

DESIGN PHILOSOPHY AND OPERATING EXPERIENCE
FOR AUSTRALIAN SOLAR STILLS.

Cooper. P. [.: Read. W. R. W.

CommMorw SCI AND IND RES ORGAN. VICTORIA, AUST

Sol Energy v 16 n 1 Aug 1974 p 1-8
SRENAG
445; 471: 615;. 657: BO2

SOLAR RADIATION- -Collectors

SEAWATER--Salt Reroval: SOLAR ENERGY

SOLAR DISTILLATION: SOLAR STILLS

The develcpment undertaren In Australia and
directed towargs understanding both the
theoretical and practical aspects of solar
still operation i+ describea. Operating
experience gained in the fileld over a number
of years has’ culminated In the successful
develcpment of Mk VI solar stills. The
performance of these units {s presented
together with a summary of the more
significant operating characteristics. A
small. domestic type of solar still is
described and performance figures given. B8
refs.

00-003955

CASCADE SOLAR STILL FOR DISTILLED WATER
FPRODUCTION.

Headley. 0. 5t. C.

UNIV OF WEST INDIES. ST. AUGUSTINE. TRINIDAD
Solar Energy v 15 n 3 Sep 1973 p 245-258
SRENAAG

471. €£57; 802

SEAWATER--Salt Rewmoval

DISTILLATION. SCLAR RADIATION--Collectors
SOLAR STILLS

The paper descrites a new design for a tilted
double-sided «<olar sti1ll wilh cascade wmater
trays made of corrugated aluminium shich are
positioned 1 25 1n. bDelow the glass cover
on Iinsulated suypports. The wmean effective
water depth i1s D. 7 in. which leads to high
water tempcratures (60 DEGREES -78 DEGREES C)
and a low thermal inertia (15 min) but Is
sufficlent to ensure two days of maximum
production pefore dry spots develop. The
cover produces 70-100% of the gistillate
depending upon the vapor tempeérature. 7 refs.
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FAGE 10
SOLAR DESALINIZATION

73-032344

DIGITAL SIMULATION OF EXPERIMENTAL SOLAR
STILL DATA.

Cooper, P, 1.

COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RES
ORGAMNIZATION. HIGHETT

Solar Energy v 14 n 4 Mar 1973 p 451-468
SRENASG

445: 657: B02. 921

WATER TREATMENT--Distillation

DISTILLATION: SOLAR RADIATION--Collectors:
DATA FROCESSING; MATHEMATICAL MODELS

SOLAR DISTILLATION: SOLAR STILLS: SIMULATION
A comprehensive experimental program was
instituted In conjunction with the
formulation of a mathematical mocagel and the
development of sirulation tecknigues. a
gqualitative assessment of heat flow within
the ground beneath an uninsulated still was
made using experimentally recorded grouna
temperatures. It was possible to verify some
of the assumptions proposed for the mogel and
to compare simulated and experimental
performance on both a transient and dally
basis. B refs.

73-032343

USE OF WASTE HEAT IN A SOLAR STILL.
Proctor. D.
CSIRO. HIGHETT,
Solar Energy v
SRENA4

445; 657; BO2
WATER TREATRENT--Distillation

DISTILLATION. SOLAR RADIATION--Collectors:
INTERNAL COMBUSTION ENGINES- -waste Heat
Uttlization

SOLAR DISTILLATION: SOLAR STILLS

System is described Lhat makes it possible to
use some of the waste heat of Internal
Combustion engines to produce distilled water
in solar stills. The solar still replaces
the cooling tower. ponds, or radiators
normally used to control the engine
temperature. The diesel cooling waler In
sSuch a system remains scparate from the
saline water in the solar still. The
advantages of using such a system arc
compared with a conventlonal solar still.

VICTORIA, AuS]
14 n 4 Mar 1973 p 433-439

The iInfluence of. water production on the
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SOLAR DESALINIZATION

output of the waste heat solar still Is
discussed. 10 refs.

73-032342

SOLAR STILLS WITH LOW THERMAL INERTIA,
Szulmayer. W.

Solar Energy v 14 n 4 Mar 1973 p 415-421
SRENAS

445; 657; BO2

WATER TREATMENT--Distillation

DISTILLATION: PLASTICS: SOLAR

RADIATION--Col lectcrs

SOLAR DISTILLATION: SOLAR STILLS

A small plastic still of approximately 2
ft**2 area was developed. incorporaling
several unconventional design features, such
as. z floating sular absorber to heat to a
thin layer of surface water, and a
single-sloped roof with a specularly
reflecting back wall. Factors considered
incluce the significance of the thermal
inertia of the air space belweeén the water
and the roof; the need for separate
consiceration of water evaporation and
condersation rates. and the resulting time
delay between their maxima during the dailly
cycle The roof geometry and orientation of
the conventional and experimental stills are
discussed In relation to the sun’s altitude.

73-032360

THEORY AND EXPERIENCE WITH SOLAR STILLS IN
CHILE.

Frick. German, Hirschwann, Jullo
UNIVERSIDAD TECNICA FEDERICU SANTA MARIA.
VALPARAISO. CHILE

Solar Energy v 14 n 4 Rar 1973 p 405-413
SRENAYD

445;: 6L57: BO2

WATER TREATMENT--Salt Removal
SEAWATER--5alt Removal. SOLAR
RADIATION--Collectors;: DISTILLATION

SOLAR STILLS

Theoretial studies of solar stills in Chile
described, deal with cfficliency. thermal
balance, thermal 1nertia, thermal capacity.
thermal conductance. thermal lag and

distillation lag with regara to solar
irragition maximum, and time constant.

Sclar
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SOLAR DESALINIZATION

stll] des.gns with evaporating trays of wood,
metal. cement, and plastic., and evaporating
cioths of varius designs have been lested.
Tests wre made with glass and plastic covers.

73-032304

SOME ASPECTS OF SOLAR DISTILLATION FOR WATER
PURIFICATION.

Gomkale, S. D.; Datta. R. L.

CENTRAL SALT AND MARINE CHEMICALS RES INST,
BHAVNAGAR. INDIA

Solar Energy v 14 n 4 Mar 1973 p 38B7-392
SRENAA4

445: 657; BO2

WATER--Purification

SOLAR RADIATION--Collectors. WATER
TREATRENT--Distillation

SOLAR DISTILLATION: SOLAR STILLS

In experimental wurk a solar still design
which produces 5 to 7 iiters of nurifieg
water per day has Cteen dJeveloped using
aluminum courmponents and polyethylene film as
the basliner. A number of such units have
been set up to suiply distilliecd water for
laboratory work. The dewvelopment work,
including experience gained during the
installation and cperation of a pilot plant
constructed in Incdla forms the basis for the
assessment of solar distillation. The
possibility of having rainfall collection and
solar distiliation combined at certain
locations is examined.

73-023108

INVESTIGATION OF SCWE OF THE PARAMETERS
INVOLVED IMN SOLAPRP DISTILLATION.
Satcunanathan, S.: Hansen, H. P,

UNIV OF THE WEST INDIES. ST. AUGUSTINE.
TRINIDAD

Solar Energy v 14 n 3 Feb 1973 p 353-363
SRENA4

657;: BO02

DISTILLATION

SOLAR RADIATIOM. DISTILLATION EQUIPMENT:
SEAWATER--Salt Removal

SOLAR DISTILLATION: SOLAR STILLS

The resulits of experiments carried cut with a

parallel-plate, ade-type solar stil! to
determine the ef‘s of gap distance, slcpe
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SOLAR DESALINIZATICN

of co.er, and cooling of the co‘er on the
performance of the still. It was found that
the yield 1s a masimum fOr a certain cover
slope and that it Increased with decreasing
gap distance. The yields satisfy available
expressions for evaporative heat transfer
between parallel surfaces. A performance
factor iIs defined for the yleld which takes
into account the reflection losses from the
cover and Is indepen'"nt of cover slope.
orlentation. location, and latitude. 18 refs.

73-026003

EFFECT OF WIND ON SOLAR DISTILLATION.
Scliman, S. H.

NATIONAL RES CENT. DOKKI, CAIRO. EGYPT
Solar Energy v 13 n 4 Jul 1972 p 403-415
SRENA4

471: 643: 657

SEAWATER--Salt Removal

WATER HEATERS--Solar;: SOLAR
RADIATION--Collectors: WIND EFFECTS: HEAT
TRANSFER

SGLAR STILLS

A study was made of roof type solar stills
under forced convection conditions. Two
arrangements of flow, one parallel lo the
Inclined surfaces of the cover and one
paralliel to the vertical surfaces of the
cover, are Investigaled. A theoretical
equation which gives the heat transfer
coefficlent for both the inclinea ana
vertical surfaces of the cover is derived.
The effect of water and amblent air
temperatures. wind velocity. and angle of
inclination of i(he cover on the performance
of the still 1s shosn. 16 refs.

72-21947

Thermodynamic analysis of a double- effect
basin- type solar still

LANTAGNE. M: ALWARD, R

MCGILL UNIV. MONTREAL. QUE

ASME Pap 71-WA/Sol-8 for meeting Nov 28 Dec 2
1971, 11 p

445, 657;: 802

WATER TREATMENT--<alt Removal
DISTILLATION. SOLAR RADIATION--Collectors
An experimental size double- effect basin-




-25-
ACCESSION NUMBER
TITLE

AUTHORS
ORGANIZATIONAL SOURCE
SOURCE

CATEGORY CODES
INDEX TERMS
X-REFERENCE INDEX TERMS

ABSTRACT

-26-
ACCESSIUN NUMBER
TITLE

AUTHORS
ORGANIZATIONAL SOURCE

SOURCE

CATEGORY CODES

INDEX TERMS

X-REFERENCE INDEX TERMS

AESTRACT

SOLAR DESALINIZATION

type solar still is described. The overall
energy balancs on the still and neal palarnces
on both water basins and the lransparent
Cover are made using experimental gata
gathered on several representotive days.
Computations made using hourly heat balances
are in good agreerent with the theoretical
analysis. 19 refs.

71-67991

Some ccmments on solar distillation

HOWE. ED

UNIV OF CALIFORNIA. BERKELEY

Int Solar Energy Soc Conf, Mar 2-6 1970.
Prepr Pap n 5/18. 7 p

444; 445; 557

WATER TREATMENT PLANIS

POWER GENERATION--Solar, SOLAR
RADIATION--Collection. WATER RESOURCES

The apparent dissatisfaction with the solar
sttll at Symi (Grecece) and *he solar
collector at FPuerlo Penasco (Mexico) makes It
desirable to look further ‘nto the features
of design, construction and operation of
solar stills if these are to be effectively
emplayed for water supply. B8 refs

71-66667

Solar distillatian techniques, their
develcpment and application In India
GOMKALE, SD. GARG, SK; DATTA. RL
CENTRAL SALT 2AND MARINE CHEMICALS RES INST,
BHAVNAGAR. INDIA

Int Solar Energy Soc Conf, Mar 2-6 1970.
Prepr Pap 5/39, 6 p

444; 445; 615

WATER TREATMENT PLANTS--Inala

POWER GENERATION- “alar: WATER
RESOURCES--Salir. Water

8 refs.
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SOLAR DESALINIZATION

71-644%0

Patmos. Kimolos, MNisyros,
distillation units
KOKKALIARLS, PP
HELLENIC INDUSTRIAL DEVELOPMENT
GREECE

Int Solar Energy Soc Conf, Mar 2-6 1970,

Prepr Pap n 2/19. 7 p

444;: 445: 657

WATER TREATMENT PLANIS- -Greece

SOLAR RADIATION--Collectors. WATER
TREATRENT--Salt Removal, WATER RESOURCES

The present paper s concerncd with the cust
analysis of Invesiment ang opcration for the
solar distillation plants In the i1slangs of
Patmos, Kimolos, and Nisyros., as well as with
the efficiency of the abo.e plants. Useful
data pertinent to tnese plants are also given.

three zolar
in Greece

BANK. ATHENS,

71-64468

Recent develupments and future trends In
solar distiliation

READ. WAW

COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RES
ORGANIZATION, HIGHETT, VICTORIA, AUSTRALIA
Int Sclar Energy Soc Conf. Mar 2-6 1970.

F epr Pap n 5/52. 7 p

q444;. 435, 657

WATER TREATMENT PLANTS--Australia

WATER RESOURCES;: SOLAR RADIATIONM--Collectors
5 refs.

71-64818

Water distillation by solar energy

SHSOL IMANSOLARENERGYDEPT . KOBAYASHI, M
HATIONAL RES CENTRE ., DOKKI, CAIRO. UAR
Int Soular Energy Soc Conf, 4ar 2-6 1970.
Prepr Pap n S/102. 7 p

445, 4496; 615

POWER GEMERATIONM--Solar

WATER WORKS--United Arab Republic:
TREATMENT--Sait Removal

11 refs.

WATER
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-30.

ACCESSION NUMBER T1-18112

TITLE Technical cooperation on the solar
distillation gevelCcpment program of Spain

AUTHORS LOF, GOG: HUNIER, JA: SIEDER,. EN

ORGAMIZATIONAL SOURCE COMSULTANT ., DENVER COLO

SOURCE US, Office Saline Water, Res Develop Progr
Rep 397 Sept 1965, 25 p

JOURNAL CODEM AlSwa

INDEX TERMS SEANATER--Salt Removal

X-REFERENCE INDEX TERMS DISTILLATION: SOLAR RADIATICMN-<Collectors

SUPPLEMENTARY TERMS DESALINAT ION

ABSTRACT A cooperative undertaking beleeen several
departiments of the Governament of Spain and
the Organization for Economic Cooperation ang
Develcpment 10ECD) has resulted in the
design, constructi'on, and operation of a
nominal 9500 sq ft solar distillation plant
fabout 1000 gnd swmmer Cultput) at the village
of Las Marinas, ncar Almeria, Spain,

-31-

ACCESSION NUMBER 70-50648

TITLE Tenicnnical evaluation of a large scale solar
distillation plant

AUTHORS LANMAND, TA

ORGANIZATIONAL SOURCE MC GILL UNIV., mMaC DOmMALD COLL. QUE

SOURCE J Eng Power, Trans ASME v 92 Ser A n 2 Apr
1970 p 95-102

CATEGORY CODES 4435: 471: 657, BO2

INDEX TERMS SEAWATER--Salt Removal

X-REFERENCE INDEX TERMS SOLAR RADIATION

.32.

ACCESSION NUMBER 70-28B062

TITLE Technical evaluation of a large scale solar
distrlilatian plant

AUTHORS LAwWAND. T4

ORGANIZATIONAL SOURCE BRACE RESEARCH InST, MCGILL UNIV, MONTREAL.
QUE

SUURCE ASME - Faper 69 -WA/%01-8 for meeling Nov 16-20
1969, 11 p

CATEGORY CODES 641; 643; 657, EBOJ

INDEX TERMS DISTILLATION

Z-REFERENCE INDEX TERMS SOLAR RADIATION--Collectors: WATER
HEATERS--Solar; SEANATER--Salt Removal . HEAT
TRANSFER

ABSTRACT Thecretical evaluation of the heat and mass
transfer interchange In an air- inflateg

. solar still, z.'-q.-nul verification tests .




SOLAR DESALINIZATION

e e e i erersess s ‘e SsseTassmsts e, = Toaee

FaGt 17

were carried cutl and the resulls compared
with theoretical pregictions The percentage
of unaccounted heat losses un the owerall
balance was undger J1 for most tests. 26 refs.

-3_3.

ACCLESSION NUMBER 70-07454

TITLE Use ot solar racdiation for distilliation of
s¢a waler

ORIGINAL TITLE Veerwasser- Destillation ynter Ausnulzung der
Sonuenstiranlung

AUTHORS DELYANNLS., A. DFLYANNIS. E

ORGANIZATIONAL SOURCE TECHNL M ..£ HOLHSCHULE, ATHENS, GREECE

SOURCE Chemie Ingenieur lechnik v 41 n 3 Fedb 10 1969
P 9-6

CATEGORY CODES 433, 471: 472; 42 931 932:. 4a5; BO2

INDEX TERMS SEAWATER--S5alt Reroval

X-REFERENCE INDEX TERMS SOLAR RADIATION- -Evaparation

ABSTRACT Proguction of fresh water from sea water Ly

o~ evaporation using polar ragiation ana

subsequent collection of codensate Is “neap
process Involving very little espenditure
regarding apparatus and maintenance., such
process of course Can be used only In
countries having not climate. furthermore,
large installation area Is required.
indirectly. Its efficiency can be Improved
substantially If rain =ater con be collected
from roof of plant. 20 refs. In German.

-34-

ACCESSION NUMBER 70-03776

TITLE Digital*simulation of transient solar still
processes

AUTHORS COOPER. Pl

ORGANIZATIGNAL SOURCE UNIV OF WESTERN AUSTRALIA, NEDLANDS

SJOURCE Solar Energy + 12 n 3 Bay 1963 p 313-31

CATEGORY CODES 931, %J2. 802

INDEX TERMS SEAWATER--Salt Rercual

X-REFERENCE INDEX TERMS DISTILLATION, SOLAR RADIATION--Collectors

ABSTRACT Water depth, wing velocity., still Insclation,

double gliss covers, cover slope and aarly
vartapl ity are awvestigated, finttle
difterence approsch is used to simulate heat
flow 1O and from 2011 results of simglation
Indicatle that sater genth has Irttle effect
on productivity: higher wind veloCities ang
ambient tlemperatures increase oulpul by s=all
amount. oCcouwble glass covers consigeradly
reguce output. hos effect on stild
performance of sorme changes Can be predicied
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SOLAR CESALINIZATION

Dy consigerting effeC? ON water temperature
anG witer- ¢Jlass tcmperature Jitfervence. 7
refs.
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GEOTHERMAL ENERGY RESEARCH IN HAWAII

-1-

ACCESSION NUMBER
TITLE

AUTHORS

ORGANIZATIONAL SOURCE
SOURCE

CATEGORY CODES

INDEX TERMS

X-REFERENCE INDEX TERMS
SUPPLEMENTARY TERMS
ABSTRACT

-2-
ACCESSION NUMBE"
TITLE

AUTHORS

ORGANIZATIONAL SOURCE
SOURCE

JOURNAL CODEMN

CATEGORY CODES

INDEX TERMS

X-REFERENCE INDEX TERMS
ABSTRACT

78-090342
HAWAIl GEDTHERMAL PROJECT.
Kihara. D. H.: Chen, B. H.: Takahashi,k P. K.:
Yuen. P. C.
UNIV OF HAWAII, HONOLULU
ANS Top Meet: Energy and Miner Resour
Recovery. Colo Sch of Mines, Golden. Apr
12-14 1377 Publ by DOE (CONF-770440).
Washington. DC. 1977. Avatlable from NTIS,
Springtield. va p 77-88
615: 641: 481
GEOTHERMAL ENERGY--Hawal |l
GEOLOGY - -Engineer 1nNg
HAWAILIl GEOTHERMAL PROJECT
A site in the Puna district near the eastern
rift of Kilauea Yolcano was selected for an
experimental geothermal well. This site 1Is
located at an elevation of approximately €00
fest above sca level, 25 miles east of
Kilauea and 1/4 mile south of the first
venls of the 1955 eruption. Nominal ten foot
core samples were Ltaken at depths of 456,
1057. 1412, 2230. 2876. 3666, 4347. 5400,
6029, and 6445 feet. Cultting Samples were
obtained roughly every ten feet during
drilling. A summary of the preliminary
analysis of core samples and culttings is
given. Results for the well and the
geothermal reservoir are presented in getall.
Polential power oulput was estimated at
approximately 3uw. while the reservolr was
founa to be a tight formation with
permeablility thickness of about BBO
millidarcy-feat.

77-046935

CHEMICAL AND ISOTOPIC INVESTIGATIONS OF
GROULDWATER IN POTENTIAL GEOTHERMAL AREAS IN
HAwWALD.

NcMurtry, Gary M., Fan. Pow-Foong: Coplen.
Tyler B.

UNIV OF HAWALL, HONOLULU

Am J ScCi v 277 n 4 Apr 1977 p 436-458
AJScap

4B81;: 444; S44. 615. bBa1
GEOCHEMISTRY - -Groundeater
GEOPHYSICS--Geothermal . GEOTHERMAL ENERGY
The chemical and isutopic compositions of
Hawal lan groundeater were studied to locate
and evaluate pote'l geothermal areas.




GEOTHERMAL ENERGY RESEARCH IN HAWAILIL

-3-
ACCESSION NUMBER
TITLE

AUTHORS

ORGAN1ZATIONAL SOURCE
SOURCE

CATEGORY CODES
INDEX TERMS
ABSTEKACT

-4-
ACCESSION NUMBER
TITLE

AUTHCRS
ORGANIZATIONAL SOURCE
SOURCE

JOURNAL CODEN

Analyses were made of 43 samples from 27
wells, two coastal cprings, local
precipitation, and steam. Three melhods of
chemical geotherpometry were applied: (1)
silica. (2) MNa-K-Ca. and (3) stable Isotore
or deuterium-oxygen-18. Based on the silica
and stable Isotope methods, the moslt
promising geothermal areas arc the susmit of
Kilauea Volcano and the area near geotherral
test hole 3 In the Puna district (east rift
zone of Kilauea Volcano) 43 refs.

77-017149
GEOTHERMAL ENERGY IN HAWAJI -- HYDROTHERMAL
SYSTEMS. .

Shupe. John W.: Kamins. Robert M.: Yuen. Faul
C.

UNIV GF HAWAII, HONOLULU

Intersoc Energy Cunvers Eng Conf, 11th, Proc,
State Line. Nev, Sep 12-17 1976 Publ by
AIChE. New York. NY. 1976 v 1 SAE Pap 769120
p €96-703

481: 615; 641; 912

GEOTHERMAL EHLRGY--Research

The Hawaii Geothermal Project (HGP) research
program involses an interdisciplinary team of
researchers from throughout trhe University
systemr which conducts scientific
Investigations on short-range exploratory and
applied technology lasks to assist In the
early develcpaent of any conventional
hydrothermal systems in Hawail. as well as
long-range studies of a more basic nature. A
general case study or progress report is
given on Phase 1. the exploratory geophysical
survey program, with supporting activity In
engineering. socioeconomic, and environmental
programs: and Phase 1l. the research
drilling program. Preliminary results ana
projections on the potential or gescthermal
power for Hawalil are presented. 13 refs.

76-066984

PROSPECTS FOR GFOTHERMAL ENERGY ON THE ISLAND
OF OAHU, HAWAIIL.

Furumoto, Augustine S,

UNIV OF HAWAII, HONOLULU

Geotherm Energy v 4 n 6 Jun 1976 p 7-25
GTEMAY




CATEGORY CODES 481: 615: 641
INDEX TERMS GEOTHERMAL ENERGY
ABSTRACT A review on the potential geathermal sources

develcpment program implementation on the
Islana of Oahu, Haxaiil IS made. Numerous
attempls to initiate geothermal exploration
have been met both with encouragement and
ocpposition. Studies have been undertaken.
but no definite decisions have been reached.
This article proposes immediate exploration
for geothermal resources., since it is
imperative that every potential energy source
be esploited without delay. 26 refs.

-5-

ACCESSION NUMBER 75-0812.3

TITLE HAWAIl OVERVIEW -- PARTIAL PRESENTATION ONM
THE GEOTHERMAL RFSOURCE EXPLORATION AND
DEVELOPMENT POTFLTIAL OF THE STATE OF HAWALL.

AUTHORS Harrenstien, Howard

ORGANIZATIONAL SOURCE UNIV OF HAWALL, HONOLULU

SOURCE Geotherm Resour Cound Conf. 1st. El Centro,.
Calif, Feb 16-18 1972. Spec Rep n 1: Geotherm
Overviews of the West US. Spec Rep n 2:
Comper.d of First Day Pap Rep ' Pap E. 21 p.
Publ by Geotherm Resour Counc. Davis. Calif,
1973

CATEGORY CODcS 615;. 641; 481, 484; 902

INDEX TERMS GEOTHERMAL ENERGY--Legislation

X-REFERENCE INDEX TERMS LEGISLATION: GEQPHYSICS--Geothermal ,
GEOLOGY--Hawaii: ELECTRIC POWER GENERATION:
VOLCANOES

ABSTRACT Tabulations and maps supported overview of
state requirements and potentlal sources of
power supply. 7 refs.

S A EMD OF OFF-LINE PRINT LACRC BRSO




PE0.401)

IR RN NFENENEE NN NN N N R I I I 2 I A IR I I A I I R I Py R I

L L
hd THIS IS AN OFF-LINE CITATICH LIST GENERATED 8Y .
- L]
. _ORBIT__1vV .
L] L]
i S.D C.°S INTERNATICNAL SEARCH SERVICE hd
» L]
* [ 4
AN NN R ERENNFEENE S NENEIENNN NI NN A I I A AN EREFNENERENNEYNEN NN N NN N YY)

METHANE FROM ORGANIC WASTES

KUMBER OF CITATIONS PRINTED = 43 FEBRUARY B. 1979

THIS SEARCH WAS PERFORMED ON AGRICOLA

REQUESTED By

VIGNUNE

TLEASE SEND THIS LISTING TO

MARIA E. YIGNOMNE
AGENCY FGOR INTERMNATIONAL DEVELOPMENT 570 PP
WASHINGTGN. D.C. 20523



P8074013

[ N ) IE R FFEREFENENEN N NN NN NN NN NN L A RN AN NN NN R RN RN NN NN NN NN NWENY NWYY
[ ] L ]
b THIS IS AN OFF-LINE CITATICN LIST GENERATED B8y .
* L
. _ORDLT__ .4 .
- L d
hd S.D.C."S INTERNITIGMNAL SEARCH SERVICE b
- »
» L
LA N E N IR N R SR N EE R RN E RSN R MK RN IR A I N A N A I I B I R AP N I A B I O RN N N A Pegr gy

METHANE FROM ORGANIC WASTES

NUMBER OF CITATIONS PRINTED = 43 FEBRUARY @. 1979

THIS SEARCH wAS PERFORMED ON AGRICOLA

REQUESTED BY

VIGHNONE

PLEASE SEND THIS LISVING TO

MARIA E. %IGHNOME
AGEMNCY FGR INTERMATICNAL DEVELOFPMENT S70 PP
WASHINGTON. D.C. 20523


http:i2.TIGNd.AL

METHANE FFOM ORGANLC WASTES

------ e e

ACCESSION NUMBER
TITLE

SOURCE

PUBLICATION DATE
DOCUMENT TYPE
LANGUAGE

MAL CALL NUMBER
PRIMNARY CATEGORY CODE
INDEX TERM

-
ACCESSION NUMBER
TITLE

AUTHORS

SOURCE

PUBLICATION DATE
DOCUMENT TYPE

LANGUAGE

NAL CALL NUMBER

PRIMARY CATECORY CODE
SECONDARY CATEGORY CODE

=y
ACCESSION NUMBER
TITLE

AUTHORS
SOURCE

PUBLICATION DATE
DICURENT TYPE

LANGUAGE

NAL CALL NUMBER

PRIMARY CATEGORY CODE
SECONDARY CATEGORY CODE

789142428

SOLAR APPLICATICNS APPROPRIATE TO THE VILLAGE
(INCLUDES HYDROPUWER, BIOGAS, WINDMILLS. 2AND
PHOTOVOLTAIC POWER GENERATORS)

IN WORKSHOP ON TJOLAR ENERGY FOR THE VILLAGES
OF TANZANIA. P. 26-46.

1978

ARTICLE

ENG

TJyB10.WE62 1977

550500

TANZANIA

789140933 -

NMETHAANGAS UIT DUNNE MEST / METHANE GAS FROM
LIQUID MANURE (BIOGAS. NEW SOURCES OF ENLFGY)
POELMA, H R

LANDBOUWKD TIJDSCHR, 90 (8):
1978 AUG

ARTICLE

DuT

105.2 UR3

550500

650500

206-208.

789135678

BORTSRAFFELSE AF STALDGODNING GENNEM
KOMPOSTERING OG PRODUKTION AF BIOGAS /
DISPOSAL OF STABLE MANURE THROUGH COMPOSTYING
AND PRODUCTION OF BiluAS (EnNERGY)

Sams, T

UGESKR AGRON HORTONOMER FORSTKANDIDATER
LICENTIATER, 123 (33): 791, 7493-797.
1978 AUG

ARTICLE

DAN

S11.U35

601000

550500




ACCESSION NUMBER
TITLE

O%GANIZATIONAL SOURCE
SOURCE

PUBLICATION DATE
DOCUMENT TYPE

SOURCE NAME

LANGUAGE

MNAL CALL NUMEER
PRIMARY CATEGORY CODE

-5.
ACCESSION NUNMBER
TITLE

AUTHORS

SJURCE

PUBLICATION DATE
DOCUMENT TYPE
LANGUAGE

NAL CALL NUMBER
PRIMARY CATECORY CODE

-6-
ACCESSION NUMBER
TITLE

AUTHORS
AUTHORS
ORGANIZATIONAL SOURCE

ORGANIZATIONAL SOURCE

SOURCE
PUBLICATION DATE
DOCUNMENT TYPE
SOURCE MNAME
LANGUAGE

RAL CALL NUMEER
PRIMNARY CATEGORY CODE
INDEX TERM

INDEX TERM

INDEX TERM

INDEX TERM

INDEX TERM
ABSTRACT

METHANE FROX ORGANIC WASTES

......... b B R et e L kP

789135141

ENERGY FROM ANIMAL WASTES (BIOGAS. METHANE)
MINNESOTA AGRICULTURAL EXPERIMENT STATIONM
MINN SCI, 33 (3): 15.

1977

ARTICLE

AG EXP

ENG

100 668

550500

789132798

UTILIZATION OF LIVESTOCK EXCRETA FOR METHANE
GAS PRODUCTION (AGRICULTURAL WASTES)

HIGAK],. S

J SOC AGRIC MACH JAP, 39 (1): 101-104,

1977 JUN

ARTICLE

JPN

58.9 SO1

650500

789914038

THE FEASIBILITY OF METHANE PRODUCTION FROM
DAIRY ANIMAL WASTES: THE FARMER'S PERSPECTIVE
CAPENER, H R

BRAITHWALITE. D C

HEW YORK (STATE) AGRICULTURAL EXPERIMENT
STATION, GENEVA

HEW YORK (STATE) CORNELL AGRICULTURAL
EXPERIMENT STATION. ITHACA

K ¥ FOOD LIFE SC1 Q. 1141);: 18-20

1978

ARTIZILE

us pPuB

ENG

595 E2

550500

ENERGY

FUEL

DALIRY

WASTE

FEASIBILITY STUDIES

EXTRACT: THE PURPOSE OF THE STUDY wWAS TO
EAAMINE THE MNATURE AND LEVEL OF THE FARMERS®
INTEREST IM UTILIZING READILY AVAILABLE
SUPPLIES OF &Nlllll..sl! TO GEMNERATE an
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ACCESSION NUMBER
TITLE

SOURCE

PUEBLICATION DATE
DCIUMENT TYPE

SOURCE NAME

LANSUAGE

NAL CALL NUMBER
PRIMARY CATEGORY CODE
SECONDARY CATEGORY CODE
INDEX TERM

INDEX TERM

INDEX TERM

-8- -
ACLESSION NUMBER
TITLE

AUTHORS

SOURCE

PUBLICATION DATE
DOCUMENT TYPE

SOURCE NAME

LANGUAGE

NAL CALL NUMBER

PRIMARY CATEGORY CODE
SECONDARY CATEGORY CODE

ALTERNATIVE SOURCE OF ENERGY FOR THE FaRM AND
HOME. OF PRIMARY [MIEREST WAS A BETIER
UNDERSTANDING OF HOW GENERATING METHANE GAS
FITS INTO THE WASTE-HANDLING FROCEDURES AMND
POLLUTION-CONTRUI REGULATIONS THAT FARMERS
ARE CURRENTLY WRESTLING WITH. SINCE CORNELL
ENGINEERS ARE STILL DESIGMING AND DEVELOPING
THE FEASIBILITY FEATURES OF GENERATING
WETHANE GAS AT THE FARM SITE, DETAILED
FINANCIAL ASPECTS WERE NOT FULLY EXPLORED

789112590

RESEARCH ON BIOGAS (METHANE) IN DEVELOPING
COUNTRIES (FARM WASTE RECYCLING. PHILIPPINES,
INDIA, AFRICA)
ComeasT SCI. 19 (2):
1978 APR

ARTICLE

Us PuB

ENG

57.8 C734

650500

550500

PHILIPPINE ISLANDS
INDIA

AFRICA

24-27.

789112589

DOME -SHAPED BIOGAS FLANT (WASTE RECYCLING.
METHANE GAS PRODUCTION. EQUIPMENT)
KHANDELWAL, K C
CoOMPOST SCI. 19 (2):
1978 APR

ARTICLE

us PuB

ENG

57.8 C734

550500

650500

22-23.
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ACCH SS10M NUNBER
TITLE

AUTHORS

AUTHORS

SOURCE
PUSLICATION DATE
DICUSEnT TYPE
LANGULGE

KAL Call NUMBER
PRinany CATECORY CODE

SOLAR ENERGY FOR FuMi'lnG WATER

e T R L . T T e -

779101113

SOLAR CHNERLY IN AGRICULTURE (SOLAR PUMP FOR
IRRIGATION, CABINET DRYER FOR FARM PRODUCTS.
WATLR MEATER)

GARG. H P

INDIAN FARMING, 27 (2): 21-22. 39.

1977 ay

ARTICLE

ENG

22 1283

550500

779032315

SOLAR WATER Pump fOR (IFT IRRIGATION
Rap D P

RaD. K S

SOL ENERGY. 1B (5): 405-411,

1976

ARTICLE

ENG

TJB10.4156

551000
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SOLAR ENERGY FOR PUWPING WATER
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ACCLSSIOM NUWBER
TINE

AUTHORS
AUTHORS
SOURCE

Puly ICaTION DATE

DOl usEnNT TYPE

SUURCE NAWE

LANTUACE

NAL Capl NUMBER
PRiuvany CATECORY CODE

-5.
ACCESSION NUNBER
TITLE

AUTHWIRS
SIURCL

PUDLICATION DATE
DoCuamE Nt TYPE

SOURCE MAWE

LaNLULCE

RAL CaLL NUMBER
FRivamy CATEGORY CODE

-6
ACCESSION NUUBER
TINLE

AUTHORS
FYTLEL -9
O%ANIZATIONAL SOURCE

ORLaNIZallonaL SOURCE
SOURCL

PUBL ICATION DATE
DoCuaM T TYPE

SOUECL mawg

LANCULGE

KAl Call muweER
PRIVaEY CATLGORY COTc

SECONDARY CRTEGTZav CODE

TT9127701

WATESR Pum>S DRIVEN BY PHOTOVOLTAIC MODULES
(FOR LARGL SCALF IRRIGAYION aMD FULL
ELECIRIFICATION OF ARID AREAS. SOLAR ENERGY)
DURANLD. M

HALIVER, G 4

IN HELIOTECHNIQUE AND DEVELOPMENT:
PROCLEDINGS OF THE INTERNATIONAL CONFERENCE.
2: 315-330.

1976

ARTICLE

uUs PUB

ENG

TJUn10.146 1975

550500

779127700

SOLAR ENERGY APPLICATIONS TO WATER PUMPING
AND AGRICULTURE IHEATING)

VEINEL. M P

I HELIOTECHNIQUE AND DEVELOPMENT ;
PROCEEDINGS OF THE INTERNAYIONAL CONFERENCE,
2. 307-314. ;
1976

ARTICLE

us PuB

EnG

TJB10 146 1975

S505%00

779121832

GETTING WATER FROM THE SUN (SOLAR ENERGY FOR
Puwp InG, IRRIGATION)

LARSON. D L

SA%WDS. C D 11

ERJZONA UNIVERSITY COOPERATIVE EXTENSION
SIRVICE

AR1Z0NA UNIVERSITY COLLEGE OF AGRICULTURE
PROGC AGRIC ARIZ. 2B (4): *0D-17.

1976

ARTICLE

4G Cxp

ENG

6 P5as2

550500

602000
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ACCESSION NUWBER
LEREY :

AUTHOES
SIURCL

PUlL ICATION DATE
DaCusint TYPL

(W ST

AL Caily mNUwBER
Poiveany CATLCORY
INDEx TEEm

o |
ACCESS 10 NUWBER
Tinue

LAVER T
AUt lNS
S Cl

PO ICATION DATE
DICusat ey Tyl

SAUMCE. mawE

LWL AGE

WAL Call NUBSER
PRinvany CATELGORY CODE
INDEX TERM

Thur 33235

IML SLCOVLRY OF SOLAR ENERGY STORED IN GHOUND
RATER MELY PUVF EPPLRIMENT (GREENHOUSE FUEL
CONST RVATION)
CONw. Ny, Y
Dagte, J L
ACTA wORTIC,
19786 s
ARTICLE

ENG

80 aCs2
S50500

76: 259-262.

TEHGI2E9S

Bloan TEOWIOUE ET tCONUMIQUE CONCERNANT
LUTILISATION DF BDOI0FOMPES SOLATRES POUH LE
PORPaGE DE L EAU EN ZJONE SAHELIENNE /
TECHMNICAL AND ECONDMIC BALANCE ON THE
UTILIZTION OF SOLAR MOTOR PUNMPS FOR PUMPING
MATLR IN THE SAanEL ZONE

DELaS. A

BULL INF CNEEMA (CENT NATL ETUD EXP MACH
ACRIC)Y. 240. 55-60.

1978 Jan

ARTICLE

FRE

%3 9 rBa3s

SS0500

AFRICa

779127702

WATER PUMPING--u PRACTICAL APPLICATION OF
SOLAR ENERGY

FIATIE. F

CLEMOT. ™

IN MELIOTECHNIQUE AND DEVELOPMENT
PROCEEDINGS OF THE INTERNATIONAL CONFERENCE,
2: 331-339.

1976

ARTICLE

us pus

EnG

TJB10_ 146 1975

550500

REVIEW
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AUTnCRS
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PAGE 15

448.3 C33 13)
600500
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