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STATEMENT OF THE PROBLEM 

Agricultural Development Officers (ADOs)f engineers and 
technical specialists working on irrigation and water 
development in Africa have limited information available to 
them on energy-related issues and on the appropriateness, 
reliability and energy effectiveness of water-pumping/ 
water-lifting systems. These include the effects of energy 
availability and cost of pumping on agricultural productivity, 
comparative technical and economic performance of 
water-pumping/ water-lifting (WP/WL) systems, and the data 
needed to evaluate and select among the most energy-effective, 
reliable and economical options for specific irrigation and 
WP/WL environments. 

One of the priorities of the Africa Bureau Energy Strategy is 
to identify energy constraints, recurrent costs and 
ooportuni hi p"s -for using energy more effectively to increase 
agricultural productivity in us AID projects, i-ircluding 
"energy-efficient irrigation and water-development 
alternatives". 

To improve the economic viability of agricultural activities a 
second specific objective has emerged: 

to determine irrigation energy needs and how water 
pumping costs and power system availabilities 
affect irrigation potential. 

BACKGROUND 

There are several agricultural projects now underway in Africa 
which include an irrigation or water development component. 
What appears to be needed is a country oriented approach which 
will allow ADOs, engineering officers, and specialists working 
with pumping systems in the field to examine the various 
water-pumping/water-lifting options and constraints from an 
economic, social and technical point of view. Over the next 
year AID'S Bureau for Africa Office of Technical Resources, 
Special Development Programs Division (AFR/TR/SDP), the Nairobi 
based Regional Economic Development Support Office for East and 
Southern Africa (REDSO/ESA), and the Science & Technology 
Bureau, Office of Energy (S&T/EY) will be developing materials 
for this purpose. 

Under this activity, particular attention will be paid to 
needs, systems and reliability for locally managed, 
non-governmental (NGO) or private irrigation and water 
development as well as scheme rehabilitation. 

In support of these objectives, the Bureau has initiated 
several activities. The first of these, ̂ aji__ini.t.ial-literature 
search and review entitled Water PumpingVfor Irrigation1 in 
Africa: An Analysis of Project Problems and" Energy Options, 
was completed in September 1984 for AFR/TR/SDP. 
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This activity was followed by a REDSO/ESA cable to determine 
the interest of selected Africa field Missions in holding a 
regional workshop on how WP/WL systems can meet irrigation and 
water development needs. Field response from several missions 
has been positive, and planning is underway for a workshop in 
Africa now scheduled for 1987. 

The following additional tasks have been completed: 

an assessment carried out for the Senegal Mission under 
the Bureau for Africa Office of Regional Affairs (APR/RA) 
Energy Initiatives for Africa Project for the purpose of 
examining diesel versus electrical power options for 
specific projects in the Senegal River Basin; 

a preliminary analysis entitled Barriers to Expanding 
Irrigated Agriculture in Subsahara Africa Imposed by 
Pumping Costs prepared by Arthur D. Little for S&T/EY; 

a preliminary literature search/ consolidation and review 
of available materials also carried out through the use 
of technical resources available through the Energy 
Initiatives for Africa Project; 

the initial identification of a pool of technical 
specialists with expertise in water-pumping/water-lifting 
systems (See Attachment. 2); 

initial gathering of site specific information on WP/WL 
systems in Africa through REDSO/ESA; and 

initial identification of field Mission needs, and scope 
of WP/WL activities in their respective countries, also 
through REDSO/ESA. 

Working with REDSO/ESA, AFR/TR/SDP and ST/EY subsequently 
>j identified several tasks to be completed in addition to those 
'• listed above. AFR/TR/SDP will serve as project coordinator, 
with technical coordination shared among AFR/TR/SDP, REDSO/ESA 
and S&T/EY. The FY 85 funding provided from the Bureau for 
Africa is $65,000, and S&T/EY has committed $50,000 in FY 85 to 
co-finance this activity. An additional $100,000 in Bureau for 
Africa funds is authorized for FY 86, if the preliminary work 
proves satisfactory. International Science and Technology, 

I Inc. is serving as the contractor, with subcontracts to IDEA, 
I Inc. and Intermediate Technology Power. Mr. Stan Berman of 

j IDEA is serving as the overall coordinator for the activity. 

Also in support of this activity, REDSO/ESA has committed 
$15,000 toward the preparation of rapid WP/WL country reviews 
in East & Southern Africa. The Water Management Synthesis II 
(WMS II) Project of the Bureau for Science & Technology, Office 
of Agriculture (S&T/AGR), is providing technical assistance, 
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travel and per diem for selected WMSII irrigation and WP/WL 
specialists/ including individuals associated with the Utah 
State International Irrigation Center. The Office of Health in 
the Bureau for Science & Technology is also contributing 
technical assistance services through the Water and Sanitation 
for Health Project. 

The Bureau for Africa Office of Regional Affairs (AFR/RA) is 
assisting in examining the relationship of energy consumption 
and availability to irrigation potential in Africa through the 
Energy Initiatives for Africa (EIA) Project. 

This activity is being coordinated with the Bureau for Africa 
Irrigation Task Force as well as a group of specialists from 
the Canadian IDRC, the World Bank and other donors including 
French/ Dutch and British specialists, and the Cooperation for 
Development in Africa Energy Committee. 

SUMMARY OF THE MEETING 

The proposed action plan for the additional tasks identified by 
AFR/TR/SDP/ S&T/EY and REDSO/ESA was recently the subject of 
discussion at an Improved Water-Pumping/Water-Lifting Planning 
Meeting held in Washington on August 29, 1985. The Agenda for 
the Meeting is provided as Attachment 1. 

The group included irrigation economists and project managers, 
WP/WL engineers, and representatives from the World Bank, 
energy consulting firms, AID, Water Management Synthesis II 
(Utah State), Colorado State, and the American Society of 
Agricultural Engineers and the American Society of Civil 
Engineers. Attendees are shown on the Contacts List provided 
as Attachment 2. 

The purpose' of the meeting was to obtain comments and 
suggestions on a USAID Draft Action Plan for addressing water 
pumping/water lifting problems and projects in Africa. 

Review of Problems and Constraints 

In advance of the meeting the participants were asked to read a 
background document entitled African Irrigation Overview 
prepared by Moris J., Thorn D., et. al. (Jan 85) a document 
available through AFR/TR which summarizes many of the 
constraints to irrigation in Africa. 

At the meeting, Derrick Thorn presented an overview of 
water-pumping/water-lifting constraints. He and Jon Moris, 
both of Utah State have identified what they believe are seven 
major water-pumping/water-lifting issues in Africa. A summary 
of Thorn's comments on these issues is provided as Attachment 3. 
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Establishment of Priorities 

Participants were asked to assign priorities to a list of items 
identified in the draft action plan and/or to redefine priority 
tasks. 

As part of this process the following major concerns were 
expressed: 

o The work products/documents contemplated by the 
Action Plan should be of a«^^^S^^^pfcharacter so 
that they can and will be usecroyi^ndivi duals 
working in thefegggi3|gffiagricultural development 
officers, engineers,NGO * s, and 
water-pumping/water-lifting specialists). 

The Action Plan must address l^<^pfflj^.'0E,ffl®g&! 
i^W^^^'&^mxmF^atsr^ml'-i,. a;s"tfelaê |Ŝ îSalI i n 

order " t o b e e K e e i ^ ^ ^ 
expressed their feelings that the Plan seemed more 
technically driven. 

postponed. One item mentioned in this regard was 
a proposed analysis of comparative WP/WL cost 
information from existing literature which would be 
potentially too expensive for existing Action Plan 
funding. 

Two areas which are noteworthy in their constraint 
on WP/WL activity in Africa are 3^Knrtfenr^W 
M^i^MMt generally (including theiT^mp^cds on 
' marke'tsT/ and thejjsdigenouSr^agabiJLXtyfor 

ttipjjent. Actions must be taken in these areas to 
move Forward. There was a belief expressed that 
there was not much which could be done with 
agricultural policies in this forum, but efforts 
should be made to find answers to developing the Cf 
capabilities for operation, maintenance and repair \ 
of equipment and the selection of systems. s£ 

The general consensus was that the Bureau for 

"^^^S^^^^^^^systema.. tot i r;r i gat ion. a-nd-wa t er 

^Jt»jLHtgat-FatiTBcfaemes^ie.gVllocal cooperat ive 
o rgan iza t ion , privartre farmers , and non-government 
organiza t ions) and r e h a b i l i t a t i o n of e x i s t i n g 
schemes. 
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The group's ranking of proposed activities in relative order of 
priority was roughly as follows: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Produce a snortfj||||ljf t 0 water-pumping/water-lifting 
project management: issues, potential constraints and 
problems to avoid, suggestions for more successful 
management and resources available to assist with problem 
solving. 

Document from past experience, 

Prepare .ĝ 3S£iJa«Er for _ 
technical and economic performance of water-pumping/ 
water-lifting systems. 

|Conduct rapid country reviews. 

Develop an annotated bibliography on water-pumping/ 
water-lifting systems. 

Prepare a rationale for monitoring pump performance and 0 
& M costs and for gathering comparative cost information 
on water-pumping/water-lifting systems in selected 
water-development and irrigation projects in Africa. 

Prepare a rationale for fostering water-pumping/ 
water-lifting comparative tests at an African 
agricultural equipment testing center. 

Develop Terms of Rgrf,ergnce for detailed water-pumping/ 
water-lifting ""' 

Prepare papers on options for overcominc 
water-pumping/water-lifting <?SW8!f̂ flR̂ ?Sl in Africa. 

Produce guides to the 
water-lifting 
needs. 

f water-pumping/ 
for specific applications and 

Perform an analysis of waj;.e.̂ r̂ap..i.Qĝ ater-J.ifting 

'̂ fî î̂ f̂ea»̂ :pBOfĵ -*BE9!awĵ n>ft:he«tS: of findings*' 

More detailed descriptions of purpose, responsible lead persons 
and implementation schedules for each of these priorities are 
provided as Attachment 4. 

Identification of Successes, Lessons and Additional 
Resources 

Participants were asked to identify, in writing, successes and 
lessons as well as additional institutions and individuals with 
experience or expertise related to the above task areas. 
Attachment 5 summarizes the responses provided at the meeting. 
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Summary of Remarks from Selected Participants 

Attachment 6 provides a paraphrased summary of some of the 
remarks made at the meeting, which may be of interest to those 
of you who were unable to attend the planning meeting. 

AFR/TR/SDP:WFisher:5088P:10/18/85:63 2-1808 



Attachment 1 

AGE NDA 

WATER PUMPING /WATER LIFTING (WP yWL) PLANNING MEETING 
August 29 , 1985 

1815 N. Lynn S t r e e t , S u i t e 200 
A r l i n g t o n , V i r g i n i a 

(703) 276-1800 

i 

—u:30 - 8:50 In t roduc t ion - Statement of Purpose Sc Background 

m F isher , Pryor , ScHweitzer, Finnel l (USAID) 

8:50 - 9:30 In t roduc t ion of P a r t i c i p a n t s 

; | Berman (IDEA, Inc.)^ 

I ,9:30 - 10:15 I r r i g a t i o n P o t e n t i a l in Africa - Prospects St 
Constraints 

Thorn (Utah State), Le Moigne (World Bank), 
Pruntel (World Bank) 

Rapporteur: Skogerboe (Utah State) 

10*15 - 10:45 Discussion: What are the priority problems related 

to improved WP/WL in Africa? 

Rapporteur: Skogerboe (Utah State) 

•10:45 - 10:50 Break 

10:50 - 11:00 Summary of Draft Action Plan 

Berman (IDEA, Inc.) 
11:00 - 11:20 Discussion: Does the draft action plan respond to 

the highest priority problems? What's missing? 
How can it be improved? Additional analysis, 
planning, socioeconomic or technological issues 
not included on the agenda which should be 
addressed under Topic 3 in the afternoon. 

[11:20 - 12:00 Draft Action Plan Topic 1 - The Development of 
Guidelines for Comparative Analysis of WP /WL 
Systems (Methodology and Software) 

Quenemoen (Egypt Water Use St Management Project), 
McGowan (Associates in Rural Development), McNelis 
(IT Power) Westfield (Energy /Development 
International) 

Rapporteur: Carroll (University of California) 
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12:00 - 12:10 Proposed Approach to the Development of Guidelines 
for Comparative Analysis of WP/WL systems 

Berman (IDEA, Inc.) 

12:10 - 12:30 Discussion: Is the proposed approach logical? 
Alternative suggestions? Is the timing and budget 
realistic? Who should be involved? 

I Rapporteur: Carroll (University of California) 

-12:30 - 1:30 Lunch 

!™ 1:30 - 1:40 Discussion of Topic 1 (Continued) 

• 1:40 - 1:50 WP/WL Annotated Bib l iography: Highlights 

Gallup (Energy/Development I n t e r n a t i o n a l ) 

• 1:50 - 2:05 Discuss ion: Suggested next s t e p s . Addi t ional 

sources ? 

| 2:05 - 2:15 Irrigation/Energy Project Inventory. 

- Pinnell (USAID) 
2:15 - 2:35 Draft Action Plan Topic 2 - WP/WL Systems Case-

Studies and Assessments - The Example of Senegal 

Westfield (Energy/Development International) 
Carroll (Energy St Resources Group, University of 
California) 

Rapporteur: Strudgeon 

•2:35 - 2:45 Proposed Approach to Case Studies 8c Assessments -
Model Terms of Reference 

Pryor (USAID) 

^:45 - 3:25 Discussion: Is the proposed approach logical? 
W What kinds of assessments or case studies need to 

be done? Where? In what priority? What should be 
included in the Terms of Reference? Suggested 

I Africa based engineering/consulting firms, 
• institutions or individuals to work with? Other 

institutions to work with in Asia, êar East, 
Europe, U.S.? Success stories? 

Rapporteur: Strudgeon 
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3:30 Break 

3:40 Draft Action Plan Topic 3 - Other Issues S* 
Priority Feeds, Analytical Work and State of the 
Art Papers 

Berman (IDEA, Inc.) 

Rapporteur: Ojaenemoen 

3:50 Rural Electrification St Pumping 

Doug Barnes (World Bank Consultant) 

4:00 Operation St Maintenance of WP/WL Systems 

Skogerboe (Utah Sta'te) 

4:20 Comparative WP/WL Data Collection and Analysis as 
a Component of Selected Donor Funded Water 
Development St Irrigation Projects 

Testing, Certification and Standardization of 
WP/WL Systems 

Fisher (USAID) 

5:15 Discussion: Prioritization of materials needed for 
individuals selecting and managing water-pumping / 
water lifting systems in Africa (e.g. 
non-governmental organizations, AID agricultural 
development officers and engineers, African WPAfL 
specialists). 

Rapporteur: Quenemoen 

5:30 Future Agenda, Areas of Interest, Responsibilities 

Berman (IDEA, Inc.) 
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WATER-PUMPING/WATER-LIFTING 
Contacts List 

• Participants at August 29,1985 water-pumping/water-lifting 
planing meeting 

Saul Arlosoroff 
Chief, Applied Research & Technology Unit 
Water Supply & Urban Development Department 
Room N825 
World Bank 
Washington D. C. 20433 
Tel: (202) 676-1790 

• Douglas Barnes 
World Bank Consultant 
Agriculture and Rural 
Development Department 
Room N-1148 
The World 3ank 
1818 H Street NW 
Washington D.C. 20433 
Tel: (202) 676-1763 

Andrew Barnett 
IDRC 
Mantell Building 
Sussex University 
Brighton BN19RF 
England 
Tel: O: 44-273-686758 

H: 44-273-506258 
Telex: 877159 
Answer Back BHVTXS 

James Bell 
Water Sector Specialist 
U.S. Peace Corps 
806 Connecticut Ave NW 
Washington D. C. 20526 
Tel: (202) 254-8890 

• Stanley M. Berman 
International Development & 
Energy Associates, Inc. 
1730 K Street, N.W. 
Suite 903 
Washington D.C. 20006 
Tel: (202) 955-5744 
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Ramesh Bhatia 
Institute of Economic Growth 
University Enclave 
Delhi, 110007 India 
Tel: 222221/222222/ 

223486/227698 

• Jerome Billerey 
Systems Engineer 
Aerowat 
6 Avenue Des Coquelicots 
94385 Bonneuil, France 
Tel: 33 1 3397883 
Telex: 680160 Aerowat 

Mr. Joan Boer 
Section for Research and Technology 
Directorate General for International 
Cooperation 
Bezuidenhoutseweg 67, 's-Gravenhage 
Postbus 20061, 2500 EB 's-Gravenhage 
The Hague, The Netherlands 
Tel: O: 011 31 70484 380 

H: 011 31 23283 294 

• Niel Bogner 
American Society of Agricultural Engineers 
6903 Gillings Road 
Springfield, Virginia 
Tel: (703) 451-5247 

John Buursink 
• Carol Gray 
Tippetts, Abbett, McCarthy, Stratton (TAMS) 
1101 15th St. NW 
Washington D.c. 20005 
Tel: (202) 296-4371 

Joseph K. Campbell 
Department of Agricultural Engineering 
Cornell University 
Riley-Robb Hall 
Ithaca, New York 14853 
Tel: (607) 256-2280 
Telex 937478 
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• Frank P. Carroll 
Energy and Resources Group 
University of California 
Berkeley, California 94720 
Tel: (415) 547-4269 
Telex: 9103367114 UC Berk Berk 

• Russell deLucia 
Delucia & Associates, Inc. 
5 Hastings Square 
Cambridge, Mass 02139 
Tel: (617) 576-0646 
Telex: DeLucia Associates ITT 4944478 

Richard S. Dosik 
New Energy Sources Advisor 
World Bank 
Room D430 
1818 H Street NW 
Washington D.C. 20433 
Tel: (202) 477-6894 

• Jack Downey 
Volunteers in Technical Assistance 
1815 N. Lynn Street, Suite 200 
Arlington, Virginia 22209 
Tel: (703) 276-1800 

Peter L. Fraenkel 
• Anthony Derrick 
Jeff Kenna 
Intermediate Technology Power, Ltd. 
Mortimer Hill, Mortimer 
Reading, Berks. RG7 3PG, UK 
Tel: 44 734 333231 
Frankel H: 44 1 997-2572 
Telex 849289 Helix G 

Jack Fritz 
National Academy of Sciences 
2101 Constitution Ave NW 
Washington D.C. 20418 
Tel: (202) 334-2690 
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P. J. Haines, Chairman 
Energy Committee 
Cooperation for' Development in Africa 
200, Promenade du Portage 
Hull, Quebec 
Canada K1A 0G4 
Tel: (819) 997-6575 
Telex: 0534140 

Jonathan Hogkin 
Associates in Rural Development, Inc. 
72 Hungerford Terrace 
Burlington, VT 05401 
Tel: (802) 658-3890 
Telex: 957032 

Chris Hurst 
Imperial College of 
Science and Technology 
Department of Management 
Science 
Exhibition Road 
London SW7 2BX 
Tel: 01-589 5111 x 7127 
Telex 261503 

Jack Keller 
Agricultural and Irrigation 
Engineering Department 
Utah State University 
Logan, Utah 84321 
Tel: (801) 750-2785 

Hartmut Krugmann 
Program Officer of Science 
and Technology Policy 
IDRC 
P.O. Box 8500 
K1G3H9 
Ottawa, Ontario 
Tel: (613) 236-6163 
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• Ulrich Kuffner 
Senior Water Resources Engineer 
North East Africa Projects Department 
The World Bank 
1818 H Street NW 
Washington D.C. 20433 
Tel: (202) 477-6648 

Derek Lovejoy 
Interregional Adviser 
Energy Resources Branch 
Natural Resources and Energy Division 
United Nations 
1 UN Plaza 
DC1-782 
New York, New York 10017 
Tel: (212) 754-8597 

Anwer Malik 
Renewable Energy Specialist 
D443 
Energy Strategy and Preinvestment Division II 
The World Bank 
1818 H St. NW 
Washington D.C. 20433 
Tel: (202) 477-5284 

T.H. Mather 
Chief of Water Resources Development & 
Management Service 
Land and Water Development Division 
FAO 
Via Delle Terme Di Caracalla 
00100 Rome, Italy 
Tel: 39 6 5797 x3431 

• Kevin McCray 
Director of International Programs 
National Water Well Association 
500 West Wilson Bridge Road 
Worthington, Ohio 43085 
Tel: (614) 846-9355 
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• Richard McGowan 
Senior Engineer 
Associates in Rural Development, Inc. 
72 Hungerford Terrace 
Burlington, VT 05401 
Tel: (802) 658-3890 
Telex: 957032 

• Bernard McNelis 
Tom Hoffman 
I.T. Power, Inc. 
1000 Thomas Jefferson St. NW 
Washington D.C. 20007 
Tel: (202) 333-5226 

Bernard Meunier 
SEED (Stragegie Energie Environment Development) 
7 Rue Decres 
75014 Paris 
Tel: O: 33 1 545 9032 

H: 33 3 041 0937 
Telex: 200907 

• Guy Le Moigne 
Senior Irrigation Engineer 
AGR (N-1147) 
The World Bank 
1818 H Street NW 
Washington D.C. 20433 
Tel: (202) 676-1762 

Carlos Moret 
Irrigation Engineer 
West African Projects Department 
WAPAC 
The World Bank 
Room B-704 
1818 H Street N.W. 
Washington D.C. 20433 
Tel: (202) 477-4515 
Telex: ITT 440098 

Mark Purschwitz 
Assistant Manager 
Technical Operations 
American Society of Agricultural Engineers 
2950 Niles Road 
St. Joe, Michigan 49085 
Tel: (616) 429-0300 
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George Nesgos 
Charles T. Main/ Inc. 
Manager of International Marketing 
101 Huntington Ave 
Boston, Mass 02199 
Tel: (617) 262-3200 

George Osolsobe 
American Society of Mechanical Engineers 
345 E 47th Street 
New York, NY 10017 
Tel: (212) 705-7722 

• Jan Pruntel 
Rural Engineer 
West African Projects Department (WAPAC) 
The World Bank 
1818 H Street N.W. 
Washington D.C. 20433 
Tel: (202) 477-5200 
Telex: ITT 440098 

• M. E. Quenemoen 
Agricultural Economist 
1316 South Bozeman 
Bozeman, Montana 59715 
Tel: 0: (406) 994-5636 

H: (406) 587-2544 

E.V. Richardson 
Campus Project Director 
Egypt Water Use & Management Project 
Colorado State University 
Ft. Collins/ CO 80523 
Tel: (303) 491-8655 
Telex: TWX 910-930-9000 

• James Ruff 
Egypt Water Use & Management Project 
Professor of Civil Engineering 
Colorado State University 
Ft. Collins/ CO 80523 
Tel: (303) 491-8655, (303) 491-8404 
Telex: TWX 910-930-9000 
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Asif Shaikh 
President 
Energy/Development International 
1015 18th Street, N.W. 
Suite 802 
Washington D.C. 20036 
Tel: (202) 822-8817 
Telex: 292048 EDI UR 

• Gaylord V. Skogerboe 
Director 
International Irrigation Center 
Utah State University 
Logan, Utah 84322-8305 
Tel: (801) 750-2801 

Doug Smith 
Meta Systems 
10 Holworthy Street 
Cambridge, Mass 021384599 
Tel: (617) 868-8660 
Telex: 951280 METASYSTEM CAM 

• George E. Strudgeon 
1 Bratenahl Place, #1011 
Bratenahl, Ohio 44108 
Tel: H: (216) 451-1011 

O: (216) 883-7500 

W. Peter Teagan 
Arthur D. Little, Inc. 
Acorn Park 
Cambridge, Massachusetts 02140 
Tel: (617) 864-5770 x3054 
Telex: 921436 

• Derrick Thorn 
Department of Geography 
Utah State University 
Logan, Utah 84321 
Tel: (801) 750-2785, (801) 750-129 
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• Gerhard Tschannerl 
Applied Research & Technology Unit 
Water Supply & Urban Development Department 
Room N825 
World Bank 
Washington D. C. 20433 
Tel: (202) 676-1790 

Harry N. Tuvel 
Manager of Technical Services 
American Society of Civil Engineers 
345 E 47th Street 
New York, New York 10017 
Tel: (212) 705-7494 

• James Westfield 
• John Gallup 
Energy/Development International 
1015 18th Street, N.W. 
Suite 802 
Washington D.C. 20036 
Tel: (202) 822-8817 
Telex: 292048 EDI UR 

David Wright 
Managing Consultant 
Applied Research and 
Project Management Services 
13 Homefield Road, 
Radlett, Hertfordshire, 
WD7 8PX, U.K. 
Tel: Radlett (09276) 5349 
(Code from London 779) 

jAlan Wyatt 
jOffice of International Programs 
Research Triangle Institute 
P.O. Box 12194 
Research Triangle Park 

J North Carolina 27709 
Tel: (919) 541-6485 
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AID Personnel 

John Austin 
USAID Bureau for Science & Technology 
Office of Health (S&T/H) 
Room 702 SA-18 
Department of State 
Washington D.C. 20523 
Tel: (202) 235-9823 

John Balis 
USAID/Senegal 
Dakar (ID) 
Department of State 
Washington D. C. 20520 
Tel (Senegal): 211602 or 216680 
Telex: 517 AMEMB SG 

John A. Daly 
National Academy of 
Sciences Program Coordinator 
USAID 
Office of the Science Advisor 
Room 311 SA-16 
Washington D.C. 20523 
Tel: (703) 235-3666 
Washington D.C. 20523 

• Janine Finnell 
USAID Bureau for Science & Technology 
Energy in Agriculture Program Manager 
Department of State 
Washington D. C. 20523 
Tel: (202) 235-8918 

• Weston A. Fisher 
Energy Advisor 
USAID Bureau for Africa 
Technical Resources 
Special Development Programs Division 
(AFR/TR/SDP) 
Room 2484 NS 
Washington D. C. 20523 
Tel: (202) 632-8169 
Telex: 89203 
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Worth Fitzgerald 
Project Manager 
Water Management Synthesis II 
USAID Bureau for Science & Technology 
Department of State 
Washington D. C. 20523 
Tel: (202) 235-1275 

Patrick Fleuret 
USAID 
AFR/DP/PPE 
Department of State 
Washinton D. C. 20523 
Tel: (202) 632-3365 

Everett Headrick 
• Ans Burgett, Agronomist 
Technical Resources 
Agriculture & Rural Development Division 
AFR/TR/ARD 
USAID Bureau for Africa 
Department of State 
Washington D. C. 20523 
Tel: (202) 632-3917 

Willson G. Lane 
Agricultural Development Officer 
USAID/Mauritania 
Nouakchott (ID) 
Department of State 
Washington D.C. 20520 
Tel: 532-23/527-68 

Cal Martin 
Assistant Director 
Office of Technical Resources 
Bureau for Africa (AFR/TR) 
USAID 
Department of State 
Washington D.C. 20523 
Tel: (202) 632-8178 
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Dayton Maxwell 
Mike Gould 
USAID/Niger 
Department of State 
Washington D.C. 20520 
Tel (Niger): 73-43-63 
H: 73-22-06 
Telex: 5209 OFPOSTEL 

R.E. McGuire 
Technical Resources 
Engineering Division 
USAID Bureau for Africa 
AFR/TR/ENG 
Dept of State 
Washington D. C. 20523 
Tel: (202) 632-8171 
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Glenn Anders 
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Abidjan (ID) 
Department of State 
Washington D. C. 20520 
Tel (Ivory Coast): 414055 or 415338 

• C. Anthony Pryor 
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REDSO/ESA 
P.O. BOX 30261 
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Tel: 331160 
Telex: 22964 

• Sam Schweitzer 
Renewable Energy Program Manager 
USAID Bureau for Science & Technology (S&T/EY) 
Washington D. C. 20523 
Tel: 235-8918 
Telex: 892703 

Robert Kurt Shafer 
USAID/Chad 
Ndjamena (ID) 
Department of State 
Washington D.C. 20520 
Tel (Chad): 3093 
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Department of State 
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SScT/EN Directorate for Energy 
and Natural Resources 
509 SA-18 
Department of State 
Washington D.C. 20523 
Tel: (703) 235-2243 
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Attachment 3 

Seven Issues Affecting Water-Pumping/Water-Lifting in Africa 

Major issues affecting improved water-pumping water lifting 
have been outlined by Jon Moris and Derrick Thorn, both of Utah 
State University. Below is a paraphrased summary of Thorn's 
remarks on the seven issues as presented at the AID August 29, 
.1985 Water-Pumping/Water-Lifting Planning Meeting. 

1. 

AID has been a contributor to this problem in the past. For 
example, U.S. pumps have been selected for use in former French 
colonial territories. Where these have been introduced for the 
first time mechanics have a certain unfamiliarity with the 
pumps. The mechanics are themselves often poorly trained and 
the lack of standardization compounds the problem of both 
training and maintenance. If the original manufacturer or 
distributor is unable provide backup or goes out of business, 
as was the case for the Mali Action Ble (Dire) Project, where^ 
Indian pumps were imported, the ultimate result is ̂ P̂ aftejcir 

2. j.m i • F, — * * - ^ — . ii - W 

When pumps breakdown, irrigation ceases. In gravity flow 
systems the situation is more reliable. Usually breakdowns 
occurs at the height of a critical peak stress period when the 
water is most urgently needed. 

Consequently, you find sustained operation and overuse of 
pumps, and the poor maintenance frequently results in 
breakdown. Compounding this problem is the absence of 
commercial outlets for rapid replacement, so when a pump goes 
out, the farmer is literally left high and dry. 

This results in a high rate of pump failure. In Africa 
maintenance is often viewed as a luxury. When funds are 
scarce, when budgets have to be reduced, it seems the 
maintenance budget is often the first to be cut and so 
frequently a pump that should last fifteen years is written off 
in three years. Also when projects get behind quite often the 
training component ends up being sacrificed or eliminated. 

The fuel supply problem can be likened to an aquifer, where 
everyone is pumping at a peak period. This results in rapid 
drawdown and shortages of fuel. Supplies are not met and pumps 
are unable to function at a time when then they are most 
needed. This can also apply to electrically driven pumps, 
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particularly when the electrical power is supplied by 
hydroelectic facilities whose power output falls in proportion 
to the drop in river flow during dry seasons. 

The network for rapid fuel replenishment does not exist in most 
African countries. There may be some storage, but once the 
peak period comes, sudden drawdown occurs and rapid replacement 
of fuel does mot take place. Designers of projects have often 
not included a component for fuel storage. Usually fuel is 
delivered in 44 gallon drums. One of the problems with this is 
the potential for contamination. Dirt often gets in the fuel, 
obviously playing havoc with the efficiency and life of pumps. 
Also, given the price and local value of petroleum fuels, when 
fuel is lying around in 44 gallon drums, it is regarded by many 
of the local people, literally as a kind of a liquid asset. As 
a result there may be theft, or it may be drained off and sold 
on the local market. If this is suspected, it may be topped 
off with water. To resolve this problem, one must pay 
attention to both adequate fuel storage and protection. 
However, this can be a costly addition to overall pumping 
system costs. 

At the time that money is needed most, the farmer is flat 
broke, unable to pay for repairs, and often unable even to pay 
for fuel. Again the absence of credit is a problem. Even 
where credit is available, if the pump fails the farmer may 
refuse or be unable to repay the loan. 

MjjiMw;jJp.i,'^wy.|w.v«gi 

Along the rivers of Africa there can be a tremendous seasonal 
fluctuation in water levels. At the time that water is needed 
most, the water is quite often at its lowest, exceeding the 
lift capacity of pumps. Even worse, I recently observed a 
situation in Mauritania where the river was actually below 
where the pumps could get at the water. The intake was above 
the level of the water, resulting in loss of an entire cropping 
season. 

Mechanics, parts and supplies are often scarce or unavailable. 

£*!*>̂ 5onclusion: All of these factors arê tTVfcê racjJjteĴ  and compound 
tfle problems of pump irrigation in Africa. We begin to realize 
that •gvgSaaî c.jf-jof unnecessary pumping probably ,-sh.ould .be one, of 

-»;yw*#hew#irrafe"riguleâ of-g-n-eophyte engineer. > The French in fact 
ii^^j^§^end«*^^ and as a 

result have invested much more in capital intensive works. 
However, once the economic environment begins to improve, many 
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of the problems begin to disappear. We just have to look at 
Zimbabwe, for example, where the large scale estates have an 
infrastructure that can replace a pump in twelve hours. This 
capability is for the most part absent in the rest of 
sub-Saharan Africa. 



Attachment 4 

Priority Tasks 

Improved Water-Pumping/Water-Lifting in Africa 

1. Produce a Short'̂ Silffe to Water-Pumping/Water-Lifting. 
Project Management Issues, Potential Constraints and Problems 
to Avoid, Suggestions for More Successful Management and 
Resources Available to Assist with Problem Solving 

Purpose: To provide agricultural development officers (ADO's) 
and engineers managing irrigation and water development 
projects with a quick and easy reference to problems, potential 
solutions and available resources. 

Lead Responsibility; Berman 

1.1 Produce outline and format and circulate for review 
by selected agricultural development officers and 
engineers by December 1. 

1.2 Produce draft by May 1, 1986 and circulate for 
review by selected agricultural development officers and 
engineers. 

1.3 Produce in final by December 1986 for an 
Water-Pumping/Water-Lifting Workshop in Africa in 1987. 

2. Document Ŝ'ggg's-'syA'g't'̂yiiaas and Lessons from Past Experience 
($25T000l ' r 

Purpose: To document in as non-subjective a manner as possible 
a selected number of successes in Africa and factors behind the 
successes. Successes should include non-AID activities, the 
private sector, non-government organizations (NGO's), etc. 
Also to document lessons from past experience which may be 
transferable to other projects in Africa. 

Lead Responsibility: deLucia, Barnett, WMSII 

2.1 Develop a full list of possible success stories and 
projects worthy of examination, partly based on the 20 or 
so suggestions made at the meeting. 

2.2 Survey the literature, to see what documentation on 
successes or lessons already exists for Africa, Asia, etc. 

2.3 Develop terms of reference for the preparation of 
3-4 success stories (e.g. what kind of information do we 
need to make these case studies more than subjective 
reviews?) Circulate draft terms of reference by November 
1, 1985. 
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2.4 Produce the case studies in draft using in-Africa 
specialist where feasible. 

2.5 Circulate materials to a few selected 
irrigation/water development specialists working in the 
field to determine their utility. 

2.6 Produce in final by December 1986 for an 
Water-Pumping/Water-Lifting Workshop in Africa in 1987. 

3. Prepare^^f^^^^^^ot•^^m^mra^l'\T€r:E^In^^.on of Technical 
and Economi<y**PeT"formance ofeHret^T^PWp~nig7Wal:er-Lifting Systems 
($22,000) 

Purpose: Given the perception that very limited comparative 
economic and performance data exist on WP/WL systems operating. 
under field conditions in Africa, these guidelines would help 
WP/WL engineers and economists by providing a^standard method 
for gathering and comparing data and experiences among 
researchers and development agencies, thereby improving 
knowledge of which systems are most economical and practical 
under various field conditions. 

Lead Responsibility: McGowan, Kenna, Shaikh 

3.1 Review existing methodologies developed by 
Intermediate Technology Power, Associates in Rural 
Development, The Egypt Water Use & Management Project, 
the World Bank handpump program and others. 

3.2 Synthesize and produce rough draft for comment by 
December 15. 

3.3 Send out for peer review by specialists, including 
individuals with backgrounds in comparative testing of 
irrigation/water development systems (engineering and 
economics) from U.K., France, Holland, U.S., Canada, FAO, 
IBRD, and professional engineering societies. 

3.4 Use rough draft as the discussion draft document at 
a technical meeting to be held in London January 27-28, 
1986. Also include as topics at the technical meeting 
presentations on software for evaluation, and field 
monitoring equipment. Participants to include reviewers 
identified above. 

3.5 Present discussion document to IDRC LDC assessment 
teams during the week of January 27 to obtain assessment 
team comments and criticisms. 

3.6 Initiate professional engineering society committee 
review. 
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3.7 Incorporate all comments in draft document to be 
presented at 1987 Water-Pumping/Water-Lifting Workshop in 
Africa. 

4. Conduct Rapid Country Reviews ($5000 per review) 

Purpose: To determine the degree to which WP/WL problems and 
issues are a constraint to irrigation and water development in 
specific countries and types of interventions underway, 
proposed or needed. 

Lead Responsibility: Pryor 

4.1 Survey a few selected countries in Africa under the 
following Terms of Reference: 

prepare a brief profile of the extent and 
type of irrigation and other pumping 
undertaken in the country, including pump 
quantities and type by manufacturer and 
estimates of projected markets. 

conduct an in-country search for the 
following information: 

o assessments of the reliability and 
status of information on the potential 
for future pumped irrigation and water 
development, and estimates based on 
best available data; 

o estimates of present and projected 
energy requirements for water-pumping/ 
water-lifting; 

o assessments of in-country manufacturing 
and servicing capability and training 
requirements with the private sector 
and host-government training 
institutions. 

identify any ongoing, planned or completed 
field tests of power systems and summarize 
status, emphasizing available life-cycle cost 
information. 

meet with other donor groups and ministry 
staff to discuss status of projects. 

meet with USAID missions to discuss mission 
portfolio, CDSS, and other documents. 



- 4 -

identify and meet with local companies or 
institutions involved in the manufacture, 
sale, service, and testing or relevant power 
systems. 

prepare initial survey. 

5. Develop an Annotated Bibliography on Water-Pumping/ 
Water-Lifting systems 

Purpose: To obtain through peer review a bibliographic list of 
key WP/WL documents for use by (1) WP/WL field specialists and 
(2) agricultural development officers and engineers and to 
select key documents for reprint or purchase and distribution 
to field missions, NGO's, host-country institutions, etc. 

Lead Responsibility: Berman 

5.1 Expand annotated bibliography using services of J. 
Gallup of Energy/Development International. 

5.2 Submit draft bibliography for peer review by 
November 1, 1985 and ask for reviewers to indicate what 
they believe are the twenty most useful documents for 
distribution to field specialists as well as the ten most 
useful documents for project managers. 

5.3 Compile replies by December 1. Put annotated 
bibliography in final form with ranking of most useful 
documents and distribute. 

5.4 Print or purchase sets of key documents for 
distribution. 

6. Prepare a Rationale for Monitoring Pump Performance and 0 & 
M Costs and for Gathering Comparative Cost Information on 
Water-Pumping/Water-Lifting Systems in Selected 
Water-Development and Irrigation Projects in Africa 

Purpose: Again, given the scarcity of comparative data and 
evaluation on WP/WL systems in Africa, to make the case for 
building monitoring and cross-comparision of pumping in a few 
selected irrigation and water development projects in Africa 
and to outline the resources and budget required to do so. 

Lead Responsibility: Fisher 

(Internal AID paper) 
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7. Prepare a Rationale for Fostering Water-Pumping/ 
Water-Lifting Comparative Tests at a African Agricultural 
Equipment Testing Center 

Purpose: The primary purpose is the same as for no. 6 except 
that strengthening such an institution might eventually result 
in a center which could carry out independent certification of 
WP/WL systems and function as a repository for WP/WL data and 
information, thereby providing an in-Africa institutional 
memory on WP/WL systems. 

Lead Responsibility: Fisher 

(Internal AID paper) 

8. Develop Terms of Reference for Detailed Water-Pumping/ 
Water-Lifting Assessments 

Purpose: To provide terms of reference for assessments of 
national, regional or project specific water pumping/water 
lifting problems and issues. These types of assessments would 
be expected to provide a detailed picture of trends, operation 
and maintenance problems, pricing and market constraints, 
training needs, import or manufacturing problems, current and 
future energy requirements, etc. and options for addressing 
identified problems. The TOR's could be used by host-countries 
and donors to initiate assessment activity. Assessments are 
envisioned to consist of teams with experience in irrigation 
and/or water development, agronomy, and sociology. Cost per 
assessment would be in the $50-75,000 range. 

Lead Responsibility: Fisher 

8.1 Prepare draft TOR by November 1. 

8.2 Submit draft TOR for peer review and discuss at 
Agricultural Development Officers Workshop November 17 -
22 in Togo. 

8.3 Produce revised draft by January 1. 

8.4 Identify candidate countries for detailed 
assessment, based on rapid country reviews above. 

8.5 Have final TOR prepared for distribution to 
agricultural development officers and engineers together 
with rationale for assessments in suggested candidate 
countries and a description of available technical 
assistance resources. 
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9. Prepare Papers on Options for Overcoming 
Water-Pumping/Water-Lifting Constraints in Africa 

Purpose: To outline possible options for dealing with 
constraints identified under priority 1. 

Lead Responsibility: Water Management Synthesis II and Others 
(To be determined). 

9.1 Provide overview of environmental and Socio-economic 
constraints to irrigation & water-development and 
water-pumping systems in Africa (e.g. soils, variability 
in river flow and rainfall intensity, lack of information 
on ground water quality and potential, insufficient 
training in land leveling, canal maintenance, irrigation 
management, land tenure disputes, lack of markets and 
price incentives, etc.) Note: This task has been 
completed as a S&T/AGR Water Management Synthesis II 
Project document entitled African Irrigation Overview by 
Moris, et. al. 

9.2 Options for Analysis of the Impact of Pricing and 
Tariffs on WP/WL System Economics. 

9.3 Options for Improving Operation & Maintenance of 
Pumping Systems. 

9.4 Options for Improving Local Servicing and Training. 

9.5 Options for Fostering Local Manufacture, 
Distribution and Spare Parts Availability. 

9.6 Options for Solving Fuel Availability, Storage and 
Contamination Problems. 

9.7 Options for Promoting Equipment Certification and 
Standardization. 

9.8 Options for Assessing Potential Role of Rural 
Electrification in Meeting National Water-Pumping 
Requirements. 

9.9 Options for Complementary Irrigation. 
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10. Produce Guides to the Selection of Water-Pumping/ 
Water-Lifting Technologies foe Specific Applications and Needs 
($30,000)" 

Purpose: To provide WP/WL specialists working under field 
conditions with guidebooks to the selection and application of 
specific systems (e.g. electric diesel, wind, photovoltaics, 
and animal, human and biogas driven systems). 

Lead Responsibility: IT Power (Funding not identified) 
y 

10.1 Improve FAO/Intermediate Technology Power, guide by 
producing short workbooks on each technology (e.g. 
diesels, electric, photovoltaics, wind, animal, human, 
biogas, etc.) 

10.2 Publish before December 1986. 

11. Perform an Analysis of Water-Pumping/Water-Lifting 
Operation and Maintenance Cost Information from Available 
Literature and Provide a Synthesis of Findings ($50,000 +) 

Purpose: To provide agricultural development officers and 
engineers and WP/WL specialists with a document that summarizes 
the current state of knowledge on life-cycle costs for WP/WL 
systems operating under field conditions in LDC's and 
specifically in Africa. 

Lead Responsibility: Funding not identified. 

11.1 Gather available documentation which provides 
actual field data on water-lifting/water-pumping costs 
over time. 

11.2 Evaluate accuracy and assumptions made and attempt 
to integrate data from different researchers into tables 
which allow cross comparison of the data. 

11.3 Produce tables which summarize the data from the 
literature and summarize how the tables were derived. 

11.4 Publish before December 1986. 



Attachment 5 

Contacts for Success Stories and Lessons 

Country 

Botswana 

Burkina 

Egypt 

India 

Kenya 
Kenya 

Faso 

Project 

Village Water 
Supply Programme 

CIEH and CILSS 

Agricultural 
Research/Bombay 

Mwea 

Sponsor 

SIDA 

USAID 

Peace Corps 

Contact 

McGowan 

Pruntel 

(' 

Mali 

Mali 
Energy 
Lab., Bamako 

Aqua Viva 

photovoltaics USAID 
diesels 

Solar 

Mali 

Mali 

Niger 

Niger 

Nigeria 

Pakistan 

Philippines 

Senegal 

Senegal 

Somalia 
Malin (WDA) 

Helvetas 

UNDP handpumps 

Niamey handpumps 

Northeast/Raza 

Caritas 

De Lansa 

World Bank 

World Bank 

World Bank 

World Bank 

Agr. Develop. 
Bank of 
Pakistan 

International 
Rice Research 
Institute 

World Bank 

Terry Hart 
I T Powe r 

Tschannerl 

Tschannerl 

Pruntel 

Le Moigne 

Ed Chrise 

Pruntel 

Arte 

Louis 
Berger 
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Country 

Sudan 
Peterson 

Gamser 

Zimbabwe 
Morgan, 

Research 

Project 

Renewable 

Energy Project 

Agritex 

Sponsor Contact 

Don 

Matt 

Peter 

Blair 



I 
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Other Suggested'Contacts 

Bureau de recherches geologiques et minieres (BRGM) 
191 rue de Vaugirard 
75737 Paris Cedex 15 
Tel: (1) 783 9400 
Telex (842) - 270844 

BRGM Washington Representative: 
Mr. Jean-Louis Imhoff / 
World Business Inc. 
1819 H Street, N.W., Suite 600 
Washington D.C. 20006 
Tel: (202) 293-0612 

Dr. Enzo Fano, Director 
Division of Natural Resources & Energy 
Department of Technical Cooperation for 
Development 
United Nations 
New York, NY 100017 
Tel: (212) 754-5554 

BCI Geonetics Transcentury Roscoe Moss Co. 
Laconia, NH Washington, DC. Los Angeles. 
Mr. Bisson 

FAO/Land & Water Division 
T.H. Mather & Bob Thomas 

DRC/Barnett 

ternational Agricultural Center 
ageningen 
he Netherlands 

nternational Institute for Land Reclamation 
nd Improvement (ILRI) 
ageningen 
The Netherlands 

Irrigation Association 
Gene Koch 
Silver Springs, 
Maryland, Washington D.C. 

Pierra/ILO 

World Bank 
OAD Documentation 
Contact: Pruntel 



Pump manufacturers 

Water Systems Council 
Chicago, Illinois 

Hydraulic Institute 
Cleveland Institute 

Foreign Pump Manufacturers' 
Association 
(contact through McCray 
National Water Well Assn.) 
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Water-Pumping/Water-Lifting Assessments 

Alain Anglade 
IT Dello 
France 

Alah Arafa 
Adli Beshai (New Lands Desert Agriculture) 
American University 
Cairo, Egypt // 

Douglas Barnes <•' 
World Bank Consultant 
Agriculture and Rural 
Development Department 
Room N-1148 
The World Bank 
1818 H Street NW 
Washington D.C. 20433 

Andrew Barnett 
IDRC 
Mantell Building 
Sussex University 
Brighton BN19RF 
England 

James Bell 
Water Sector Specialist 
U.S. Peace Corps 
806 Connecticut Ave NW 
Washington D. C. 20526 

Ramesh Bhatia 
Institute of Economic Growth 
University Enclave 
Delhi, 110007 India 

L 
[Mr. Joan Boer 
Section for Research and Technology 
Directorate General for International 
Cooperation 
Bezuidenhoutseweg 67, 's-Gravenhage 
Postbus 20061, 2500 EB 's-Gravenhage 
The Hague, The Netherlands 
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Joseph K. Campbell 
Department of Agricultural Engineering 
Cornell University 
Riley-Robb Hall 
Ithaca, New York 14853 

Frank P. Carroll 
Energy and Resources Group 
University of California 
Berkeley, California 94720 

Russell deLucia 
Delucia & Associates, Inc. 
5 Hastings Square 
Cambridge, Mass 02139 

Jack Downey 
Volunteers in Technical Assistance 
1815 N. Lynn Street, Suite 200 
Arlington, Virginia 22209 

Peter L. Fraenkel 
Anthony Derrick 
Jeff Kenna 
Intermediate Technology Power, Ltd. 
Mortimer Hill, Mortimer 
Reading, Berks. RG7 3PG, UK 

Chris Hurst 
Imperial College of 
Science and Technology 
Department of Management 
Science 
Exhibition Road 
London SW7 2BX 

A. Huzzain 
Mechanical Engineering 
Department 
Assuit University 
Egypt 

Dan Jenkins 
Glenn Anders 
REDSO/WCA 
Abidjan (ID) 
Department of State 
Washington D. C. 20520 

Jack Keller 
Agricultural and Irrigation 
Engineering Department 
Utah State University 
Logan, Utah 84321 
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Andy Koval 
Ahmed Bagat 
Catholic Relief Service 
Cairo, Egypt 

Jim Manwell 
Duane Cromach 
Engineering Department 
University of Massachusetts 

T.H. Mather :••' 
Chief of Water Resources Development & <' 
Management Service 
Land and Water Development Division 
FAO 
Via Delle Terme Di Caracalla 
00100 Rome, Italy 

Richard McGowan 
Senior Engineer 
Associates in Rural Development, Inc. 
72 Hungerford Terrace 
Burlington, VT 05401 

Bernard McNelis 
Tom Hoffman 
I.T. Power, Inc. 
1000 Thomas Jefferson St. NW 
Washington D.C. 20007 

Bernard Meunier 
SEED (Stragegie Energie Environment Development) 
7 Rue Decres 
75014 Paris 

George Nesgos 
Charles T. Main, Inc. 
Manager of International Marketing 
101 Huntington Ave 
Boston, Mass 02199 

Jan Pruntel 
Rural Engineer 
West African Projects Department (WAPAC) 
The World Bank 
1818 H Street N.W. 
Washington D.C. 20433 

M. E. Quenemoen 
Agricultural Economist 
1316 South Bozeman 
Bozeman, Montana 59715 
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E.V. Richardson' 
Campus Project Director 
Egypt Water Use & Management Project 
Colorado State University 
Ft. Collins, CO 80523 

Dan Sunada 
Department of Civil Engineering 
Engineering Research Center 
Colorado State University w 
Ft. Collins, CO 80523 / 

James Ruff 
Civil Engineering Department 
Colorado State University 
Ft. Collins, CO 80523 

Sam Schweitzer 
Renewable Energy Program Manager 
USAID Bureau for Science & Technology (S&T/EY) 
Washington D. C. 20523 

Asif Shaikh 
President 
Energy/Development International 
1015 18th Street, N.W. 
Suite 802 
Washington D.C. 20036 

Gaylord V. Skogerboe 
Director 
International Irrigation Center 
Utah State University 
Logan, Utah 84322-8305 

George E. Strudgeon 
1 Bratenahl Place, #1011 
Bratenahl, Ohio 44108 

W. Peter Teagan 
Arthur D. Little, Inc. 
Acorn Park 
Cambridge, Massachusetts 02140 

Derrick Thorn 
Department of Geography 
Utah State University 
Logan, Utah 84321 
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Gerhard Tschannerl 
Applied Research & Technology Unit 
Water Supply & Urban Development Department 
Room N825 
World Bank 
Washington D. C. 20433 

Gerald Westeson 
Montana State University 
Bozeman, Montana 59715 .;' 

James Westfield 
Energy/Development International 
1015 18th Street, N.W. 
Suite 802 
Washington D.C. 20036 

David Wright 
Managing Consultant 
Applied Research and 
Project Management Services 
13 Homefield Road, 
Radlett, Hertfordshire, 
WD7 8PX, U.K. 

Alan Wyatt 
Office of International Programs 
Research Triangle Institute 
P.O. Box 12194 
Research Triangle Park 
North Carolina 27709 

American University in 
Cairo 
Cairo, Egypt 

Asian Institute of 
Technology 
Bangkok, Thailand 

CWD 
The Netherlands 

Egyptian Electricity 
Authority 
Cairo, Egypt 

Water Research Institute 
Egyptian Ministry of 
Irrigation 
22 El Galaa St. 
Bulak, Cairo 
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Institute of Agricultural 
Engineering, U. K. 

^International Agricultural Center 
Jageningen 
fThe Netherlands 

International Institute for Land Reclamation 
land Improvement (ILRI) 
fWageningen ,/ 
The Netherlands 

Laboratorie de 
l'Energie Solare 
Bamako, Mali 
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Methodology - Guidelines for comparative evaluation of 
technical and economic performance of 
water-pumping/water-lifting systems" 

Alan Arafa 
Adli Beshai (New Lands Desert Agriculture) 
American University 
Cairo, Egypt 

Saul Arlosoroff ft 
Chief, Applied Research & Technology Unit 
Water Supply & Urban Development Department 
Room N825 '' 
World Bank 
Washington D. C. 20433 

Andrew Barnett 
IDRC 
Mantell Building 
Sussex University 
Brighton BN19RF 
England 

Ramesh Bhatia 
Institute of Economic Growth 
University Enclave 
Delhi, 110007 India 

Jerome Billerey 
Systems Engineer 
Aerowat 
6 Avenue Des Coquelicots 
94385 Bonneuil, France 

Mr. Joan Boer 
Section for Research and Technology 
Directorate General for International 
Cooperation 
Bezuidenhoutseweg 67, 's-Gravenhage 
Postbus 20061, 2500 EB 's-Gravenhage 
The Hague, The Netherlands 

Niel Bogner 
American Society of Agricultural Engineers 
6903 Gillings Road 
Springfield, Virginia 

John Buursink 
Carol Gray 
Tippetts, Abbett, McCarthy, Stratton (TAMS) 
1101 15th St. NW 
Washington D.C. 20005 
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Frank P. Carroll 
Energy and Resources Group 
University of California 
Berkeley, California 94720 

Bernard Cornu 
AFME 
France 

Russell deLucia 
Delucia & Associates, Inc. 
5 Hastings Square 
Cambridge, Mass 02139 

Peter L. Fraenkel 
Anthony Derrick 
Intermediate Technology Power, Ltd. 
Mortimer Hill, Mortimer 
Reading, Berks. RG7 3PG, UK 

Jonathan Hogkin 
Associates in Rural Development, Inc. 
72 Hungerford Terrace 
Burlington, VT 05401 

Chris Hurst 
Imperial College of 
Science and Technology 
Department of Management 
Science 
Exhibition Road 
London SW7 2BX 

A. Huzzain 
Mechanical Engineering 
Department 
Assuit University 
Egypt 

Deepak Kenkeramath 
Meridian Corporation 
Washington D.C. 
(Renewables Testing Project - Egypt) 

Jaap Kool 
State Agricultural University 
Wageningen 
The Netherlands 

Andy Koval 
Ahmed Bagat 
Catholic Relief Service 
Cairo, Egypt 
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Derek Lovejoy 
Interregional Adviser 
Energy Resources Branch 
Natural Resources and Energy Division 
United Nations 
1 UN Plaza 
DC1-782 
New York/ New York 10017 

T.H. Mather :f' 
Chief of Water Resources Development & 
Management Service 
Land and Water Development Division 
FAO 
Via Delle Terme Di Caracalla 
00100 Rome, Italy 
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Guy Le Moigne, Senior Irrigation Advisor, The World Bank: 

The African Irrigation Overview paper stresses institutional 
problems. I couldn't agree more. The Bank financing for 
irrigation in sub-Saharan Africa is only- 4% of total irrigation 
lending in spite of the fact that sub-Saharan Africa is a 
priority. The Bank has even set up a special fund/ so its not 
so much a matter of funding. Av.aĵ labJĴ jt.ŷ of-soft- loans is not 
the major consj^aj^t^todiay^^ geaeral 
e n v i ]^^^^^^^^i^¥f''B^i'^^&^^far^r s . I can give one example 
in Iv'oTy Coast. There when the government decided to introduce 
irrigated rice, the price the government actually set for rice 
was too high, but it was so good that the country was an 
exporter of rice in a year. After that not only did the 
government decrease the price of rice, the decrease was so 
severe that Ivory Coast is now importing 3/4ths of its rice. 
So that that one factor I think can play one of the biggest 
roles. In spite of all the inexperience of farmers, if they 
really can make money, the rest in my view has perhaps lesser 
weight. 

I would also mention the Bank's involvement in large schemes. 
For example, on the Senegal River, the OMVS has obtained 
financing for two very large dams, the Manantale and Diama 
dams. The Bank was involved in the discussion at the time, but 
disagreed with the conclusion to build two dams at the same 
time, one of them a very large dam. What we thought at that 
time, was that instead of investing one billion dollars, one 
dam should be built and probably a smaller dam at roughly 
speaking, for sake of comparison, half the price. Then the 
other half of the funds could have been spent on irrigation 
development which would have made somewhat more sense. At the 
moment the two dams are going to be completed, enabling the 
irrigation of at least 200-250 thousand hectares in the Senegal 
River Valley. How many years will that take? I don't know, but 
will take a very long time, certainly more than 50 years in my 
view, and the amount of money that will be required is not 
available today. 

3The lack of coordination among donors, is strongly stressed in 
the African Irrigation Overview paper, I would mention it as 
one of our major issues. 

addition to Thorn's example in Mauritania, we have another 
rror story which is in Kenya where we participated in the 
nancing of the Bura project. This is an irrigation scheme in 
nya in an area that was not populated so it is also a 
ttlement project. I won't mention the cost per hectare, but 
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what I will mention is that there is a pumping station that was 
supposed to be temporary. Whenever I go there, I feel more 
depressed than anything else, because there are four pumps, and 
when one of them works we are very happy. It's always 
management by crisis, there is total lack of basic management. 
One never knows how long a pump has operated, what service was 
done on it. Now countries are very reluctant sometimes, at 
least in that particular case, to employ foreign expertise and 
yet when the basic tools of management are missing this may be 
necessary for pumped irrigation. So I would agree with Mr. 
Thorn's statement that if you can, avoid ;pumpi-ng on rivers. It 
is not always possible for economic reasons to do so.̂  The Bura 
project was supposed to be gravity barrage and a then a canal, 
funds were not there so a decision was made to build a 
temporary pumping station. But in Bura, Kenya, isolated as it 
is, with total lack of management, the pumping station doesn't 
work and the results: There are 2,500 hectares irrigated and 
the yields are desperately low, because the water is not 
there. That's not the only reason, there are many other 
problems, but if that one is not solved there is no way to 
solve the others. 

Another issue worth mentioning is related to our work with our 
colleagues in water supply. There has been in recent years 
great experience developed particularly in the Sahelian 
countries in using handpumps for rural water supply, at wells 
that are at quite some depth. Tenths of thousands of wells 
have been drilled and equipped with handpumps, in Niger, 
Burkina Faso, Senegal, Mali, etc. In spite of all the 
problems with handpumps and their maintenance, they have served 
a fantastic purpose. The objective from these handpumps as I 
understand it is to extract about one cubic meter per hour, 
roughly the amount needed to provide the water to a village for 
water supply. Now the well is very costly to drill at $10-20 
thousand per well, particularly in comparison to $400-1000 per 
pump, and it appears from experience that in very rough terms, 
about 10-15% of time, that the well could have provided 10-15, 
even perhaps sometimes 20 cubic meters per hour, enough for 
very small scale irrigation. 

An important question is, how much groundwater do we have? And 
on this we lack data. I know in the Bank, except in the field 
of my water supply colleagues, we have no groundwater 
specialists, and the dialogue with groundwater specialists is 
very difficult because they speak a different language. When 
we think of a river, the Senegal River, we can estimate the 
developed potential of the river. The figures are rough, but 
you can estimate the number of kilowatts, you can even say you 
have enough water to irrigate 200 thousand hectares, you come 
up with a figure. Try to come up with a figure for what is the 
groundwater potential for irrigation in a country. I don't 
know. And when you ask a hydrogeologist what is the 
groundwater potential, you have to provide guidelines, say take 
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a minimum of five cubic meters per hour for your well, given a 
maximum depth. But even if you can, I personally do not know 
what is the groundwater potential for micro-irrigation in most 
of sub-Saharan AFrica or even North Africa for that matter. 
Now in sub-Saharan Africa, this may represent a very 
interesting potential. So it seems to me to be important to 
improve the dialogue, and have an assessment of the groundwater 
resources in a number of countries in sub-Saharan Africa, 
because if present indications are that in a number of 
countries 10 percent of these wells could give you 10 cubic 
meters per hour, then micro-irrigation from those wells could 
make a very significant improvement to food security in some of 
those countries. So that is one area for action, whefre I think 
there is some potential. 

But now if 10 cubic meters per hour can be delivered, what is 
to be done with it? It's not all that simple. All the other 
problems of irrigation remain. One the ideas now being 
considered, which is also mentioned in African Irrigation 
Overview paper is complementary irrigation. If you have say 10 
cubic meters per hour you could irrigate quite a few hectares 
by guaranteeing during the rainy season that you could start 
irrigation and have water when it's needed, and this 
theoretically could allow you to introduce varieties, high 
yielding varieties, because you would have the water at the 
time that it is needed. And all the other complements. In 
rainfed crops, when you have only rainfed, the irrregularity 
and the uncertainty of the rainfall makes it very risky for a 
farmer to introduce the high yielding variety and the 
fertilizers that are required. 

Now a lot of social issues have to be studied. What would be 
the livestock pattern, the role of women, all this in my view 
needs researching in pilot development. 

I only want to query Ms. Finnell what she said energy in 
agriculture plays a small role in agriculture, well I'm not all 
that convinced. In Pakistan and India...it is not so obvious 

Let's assume that there is some merit in using groundwater for 
micro-irrigation development, that we are able somehow to 
locate wells where we can extract 10 cubic meters per hour. 
The big unknown, and this is very much related to your seminar, 
is where does the energy come from. It is a lot of energy 
which may not be available. Animal traction perhaps, diesel. 
Very often there is no electricity around in those parts of 
sub-Saharan Africa. In the Bank, the impression I have derived 
from my colleagues, Mr. Dosik was I think supposed to be here 
today, but in the research we have conducted, photovoltaic 
power is by Bank economics not yet there for us to justify. 
Wind power, well I think we're looking at it, but we don't have 
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the answers. So all the other sources of energy, how to 
extract water for micro-irrigation, and have something that is 
reliable and which can be maintained, financed and replicated 
is another area of your interest today where we don't have the 
answer, except that the ones we tried for World Bank use are 
not yet deemed economic enough to be replicable. 

Ulrich Kuffner,Senior Water Resources Engineer, North East 
African Projects Department, The World Bank: 

/ 
I'm disappointed that there are no African engineers rat the 
seminar, and there are a few in Washington. I'm always amazed 
at how the Sudanese are able to maintain pumping stations with 
equipment that dates back to the twenties and thirties. Old 
British pumps installed more than fifty years ago still 
running. Equipment that perhaps might be in the Smithsonian, 
if it were not in use today. Small pumps that if not 
available in the market, there is surely a brother in Saudi 
Arabia who will bring one back and keep the little system j 
running. I think you have to give credit to the ingenuity of I 
these farmers to circumvent the problems which exist and have | 
been mentioned here. ? 

There is a tremendous potential in these countries. It has 
been mentioned that we don't know about the aquifers, its true, 
but there are aquifers which could irrigate surely several 
thousand hectares and in parts especially of East Africa where 
local institutions exist without our help where people have 
developed small wells using the wrong equipment because the 
right equipment is not available, maintaining it where they are 
with the little resources they have. 

What do we do, and how to address all the problems you 
mention? Institutions like the World Bank naturally have had 
as their main objective the provision of the necessary """̂  
funding. That is being done, it is complemented by providing-^ j 
technical assistance. Technical assistance may be part of the I 
problem: we have equipment from various sources and we don't .; 4 
get spare parts. 1 

Another difficulty I see sometimes is that the harder the ^| 
situation, the harder it is to find highly qualified and 
dedicated professionals to live there for a long time. You can 
find highly qualified professionals to visit for a few weeks or 
a month. In the better environments you can find more highly 
qualified people than in the poorest countries. I think you 
can almost establish a direct relationship between poverty, 
poor living conditions and the quality of professionals in the 
country and those which you can bring in. I don't see a 
solution for it, I'm just pointing out a problem which exists 
for the poorest people. If you go to drought prone areas in 
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East Africa or the Sahel, the same situation exists. We have 
tried to devise certain assistance for the drought prone areas 
in the Sudan/ Somalia, Ethiopia. How could one overcome the 
problems presented by drought? We may help through provision 
of pumping equipment in areas we know with water sources, and 
the provision of pumping equipment i_s_ relatively high on the 
list of those drought assistance projects, but it's a long-term 
proposition. 

Jan Pruntel, Rural Engineer, West African Pro-jects Department, 
The World Bank: (,-

I would like to read a few figures that might be of interest, 
primarily for the Sahelian region, Burkina Faso, Gambia, Niger, 
Mali, Mauritania, Senegal. The total land area of these 
countries is 400 million hectares. The soil suitable for 
agriculture is about 10 percent of that or 40 million hectares, 
and actual total rainfed area is about 10 million hectares. Now 
soils suitable for irrigation are estimated to be about 10 
million hectares, and water availability from rivers is 
estimated to be 1.5 million hectares. So water may be very 
much a constraint. The total irrigated area today is only 
about 300,000 hectares. Of this about 100,000 full water 
control and 200,000 partial control. So in comparison to total 
rainfed area of 10 million hectares, you've only a added a 
couple hundred thousand hectares irrigated land. So in our 
division the main focus of our effort is on improving rainfed 
agriculture. This includes flood recession and the development 
of water harvesting techniques. This has been quite successful 
in Burkina Faso. 

If we then talk about irrigation, and the problems and 
constraints, the major ones include: 

- water quality (Senegal, Gambia, Mauritania certainly, as long 
as we don't have the dams on the Senegal River); 

-salt problems in the dry season; 

- water quantity, both seasonal & annual variation (makes it 
very difficult to plan agricultural campaigns); 

- groundwater quantity (we don't know really what the recharge 
rates are) pumping yields of wells, and pumping heads. 

Of the 1.5 million hectares potentially suitable for 
irrigation, it may well be that not more than 50 percent could 
economically be developed. 

We've also talked about the size of scheme. It is true that the 
World Bank has concentrated on the large schemes. This does 
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not mean that we are not very much interested in the subject of 
very small schemes, and we have some practical experience 
there. In Senegal, for instance/ we have different examples 
side by side: large or greater than 300 hectares (considered 
very small by India standards), medium or 50-300 hectares, and 
small or less than 50 hectares. In preparation of designs for 
these schemes, I see a decrease in difficulty from large to 
small. The same is true for operation and maintenance, as well 
as farmer participation. 

Our experience has been that investment costs- also tend to be 
much lower on the small schemes, as are recurrent cos,ts. Let 
me give you the figures of a few of the projects we have 
financed and what the costs have been. In Burkina Faso where 
we have a project, small schemes of about 10-100 hectares cost 
about $7000 per hectare. In Niger, we have both river pumping 
and well pumping. Costs for river pumping are $15,000 per 
hectare, for well pumping $10,000 per hectare. In Mali, river 
$15,000 per hectare and Mopti on the order of $1000 per 
hectare. In Senegal, and in Mauritania also, a new project has 
developed with small scale irrigation and pumping of 20 
hectares each at a cost of $4000 per hectare. And in Senegal 
we have two types, pumping schemes at $10,000 and small 
perimeters schemes of 20 - 30 hectares at an estimated cost of 
$2000 per hectare. 

By supporting very small perimeters with rudimentary canal 
systems, a minimum of land leveling, and irregular plot shapes 
costs may be brought down to a fraction of what they have been 
in the past. 

Kuffner; 

May I add some figures from East Africa. One in the Sudan, a 
project completed last year - 300,000 acres - total cost 
$3,500 per hectare including all settlement, agricultural 
machinery, cotton ginneries, etc. I don't think that would be 
comparable. We have to see what is included - that is the 
problem. Are housing, settlement, access roads, installations 
included or not? Sometimes these figures can be misleading, in 
some it's not, in others it is. A recently completed scheme in 
Ethiopia of 10,000 hectares cost roughly $7000 per hectare, 
also including housing, agricultural machinery, etc. 

Russell deLucia, deLucia Associates, Inc.: 

Why has it taken us so long to absorb some of this into the 
project design process. I have notes from meetings in 1972, 
where the same problems were discussed. Should we be looking 
at a broader set of infrastructure problems? In India, 
anywhere in the subcontinent south of Nepal, an Indian 
machinist would make pump replacement parts and make money in 
the process. 
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The broader problem of the support infrastructure in light and 
medium industry doesn't just plague agricultural projects. If 
you look at the renewable projects, it's the same thing in 
terms of the technical skills to maintain development. Why is 
it that in the other places of the world/ people keep these 
going, the technology transfer that guarantees maintenance, 
privately. We have to look at some of these broader 
infrastructural issues. One of the things we could get AID to 
do would be not to just focus on the picture of what's the 
right technology and whether or not in such and such a basin we 
know about the geohydrology, but also to examine whether some 
kind of broader set of infrastructure support or development 
projects are needed. 

Pruntel: 

In West Africa we have a very scattered affair, a few hectares 
here, a few plots there. There is no private enterprise or 
company interested in maintaining pumps under those conditions. 

deLucia: 

If there is a certain amount of return, and the price of water 
is right, there ought to be some kind of support service for 
maintaining that equipment. Maybe not. Maybe what we ought to 
be doing is training institutions or training people to provide 
those kinds of maintenance services. Maybe the market's not 
big enough. Is it, is it because the market's too scattered? 
Or is it that we haven't helped to develop that 
infrastructure. Even the markets in African cities apparently 
aren't large enough, and you think they would be. You walk in 
African cities you can't find a machine shop. 

Strikes me, we ought to do some research in this area, to make 
sure we understand it better. 

Kuffner; 

The market in the Sudan is definitely much larger. You have 
about 4,000,000 acres of pumped irrigation. There is also 
some tradition of pump maintenance. Over the last 20 years 
there have been restrictions in the Sudan on the importation of 
replacements or spares, we have even tried to open lines of 
credit to small repair shops to import repair equipment, 
because that was in our view in certain places a bottleneck. 
Now more recently during the past couple of years the 
government has relaxed foreign exchange controls, and it is 
easier (not only illegally, but now legally) to bring in spares 
and small pumps from Saudi Arabia. So suddenly you see 
springing up more and more small repair shops, even in areas 
far from Khartoum, along the Nile where there is private 
irrigation development. The response of the people is there, 
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and we know from Bangledesh and Pakistan, people respond. 
Naturally one thing is the size of the market, there are 
millions of acres and probably thousands of small pumps, apart 
from the large pumping stations. If you have to drive a 
hundred miles to offer your services, you wouldn't do it. I 
wouldn't do it. 

deLucia; 

Maybe donors should overinvest in mechanical -training in 
spares, etc. where the infrastructure does not existv , 

Kuf fner; ^^•**fc 

I don't think an overinvestment would be accepted by a majority 
of the donors. 

deLucia: 

Yes, but if they look at the real reliability and the failure 
rate maybe they would change the standards in terms of how much 
investment there ought to be for spare parts and maintenance. 

George Strudgeon, pump consultant: 

One of the points that I heard made is that standardization on 
equipment is desirable and certainly from a manufacturing point 
of view equipment manufacturers will go along with technology 
transfer, setting up repair operations, even going so far as to 
manufacture specific parts in some part of the world, so if you 
can get yourself into a standardization program you could begin 
to develop a program that would indicate that these are the 
class of pumps or style of pumps that you are going to be 
using. Then you can develop some type of importation or 
non-importation guidelines, or support manufacturing within a 
specific area, within a guideline that will allow you to get 
away from the import restrictions, etc. 

Just as a side issue, the pictures showed what I thought were 
interesting things. The shallowness of the river (ankle deep), 
the color of the river, the catchment basins and the ingenuity 
of the women taking the soil and importing it next to the river 
were all interesting, and certainly the pictures showed the 
rivers are carrying a tremendous amount of silt and if you get 
into any kind of catchment basin, retainage area you're going 
to get a very fast siltation, and unusability as a storage 
area. To me this says that if people are bringing the soil 
from the river, to make themselves their own plots of ground 
alongside the river, then the catchment basin silt becomes the 
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source of the soil to be dredged out with a specific type of 
pump (or by hand) and can be used to develop your plots of land 
alongside of the river using the silting that's being carried 
automatically by the rivers. 

Richard McGowan, Senior Engineer, Associates in Rural 
Development, Inc.: 

It seems to me alot of the problems being mentioned might have 
to do the approach that AID at least seems to take towards some 
of their projects. For example, the Department of Water 
Affairs in Botswana receives substantial contributions from 
Swedish SIDA and those contributions have involved managerial 
and training support, as well as actual equipment support, and 
it's been a very successful project. 

Matter of fact, when you do the economic comparisons among all 
these different alternatives the diesels show up really well, 
and one of the main reasons for that, is they have a very 
successful infrastructure for the maintenance and operation and 
installation of those diesel pumps. The differences between 
the two approaches, the AID project approach and the SIDA 
project's approach involve a couple of things. One, the SIDA 
approach is very long term. They're in there for 10 or 15 
years and they put people in an existing project, rather than 
start a new project. They also provide the managerial and 
technical training expertise and they inject that knowledge and 
that skill into local individuals, the people who are already 
working with a particular technology. 

One of the other big reasons is the standardization of 
equipment. They use just a couple of different pumps and a 
couple of different types of Lister diesels and everybody knows 
how to fix them. They have plenty of spare parts, and that 
seems to really contribute strongly to the success of the 
project, whereas the AID projects at least that I'm familiar 
with are very short-term, three or maybe five years if they get 
extensions. SIDA is in there for 10 or 15 years, they have 
time to absorb the idiosyncracies of that particular setup, and 
try to find ways to get around it, as opposed just setting up a 
totally separate agency, to deal with problems other people are 
already dealing with, and not availing themselves of the 
expertise that is already there. 

James Westfield, Energy Initiatives for Africa, 
Energy/Development International: 

One of the things that we found in looking at economic and 
financial analysis that are used to either justify or analyze 
project outcomes, is that there is a substantial amount of 
effort placed on least cost solutions, and that when you go to 
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pumping that the selection of the least cost solution may not 
be the reason that something succeeds or fails (take for 
example the point about infrastructure costs). So if you look 
at Senegal as an example, if you expand the boundaries to some 
national longer-term objective and if you include the benefit 
stream, to get some different measure of success than only 
least cost, you find out that you may arrive at reasonably 
expensive solutions, but ones that will in fact succeed, 
because the other solutions were short-term, or too least cost 
for that particular problem. Sometimes I think it is the 
attempt to find the least cost solution that drives the failure 
of some of these projects. So if you expand the boundaries of 
your analysis to larger than just that irrigation perimeter or 
even farmer, and if you include benefit streams you may to 
demonstrate that certain things were done because they were 
least cost, but that they shouldn't have been done if you 
include both benefit streams and the larger perspective (and in 
Senegal that's not too hard to do in hindsight, after the 
fact). 

Another comment. It may be worthwhile financing very expensive 
demonstrations of initial applications to get something 
started, and I guess that can be to get either irrigation 
started in particular areas where isn't now going, or to begin 
to build the infrastructure necessary for other projects. And 
again, our emphasis has been on this economic and financial 
analysis and we're finding that by doing sensitivity analysis 
and looking at certain pieces of data, you even find that 
least-cost solutions are not in fact least cost solutions, 
because the assumptions that are made or the data are used vary 
so much that you have no reliability in them, or that errors 
have crept into the analysis. 

Le Moigne; 

I'd like to make one comment on the economics and financial 
aspects which I think partially answer your question. The 
environment in sub-Saharan Africa doesn't help at all. The 
European Economic Community and the United States dump at very 
low price or sell at very low price, the basic food 
commodities. The governments'want to have low prices for their 
cities, and the result is the price paid to farmers is not 
conducive for him to pay for the repairs, and so it is only 
self-subsistence, and unless this environment is corrected ... 
on the other hand it may not be all that easy from an economic 
point of view, the price of sugar has reached the lowest ever, 
the world price of cotton is going down, the price of rice is 
going down, and these are things that are being grown in 
Africa, so they also have to adapt to changes in crops, at 
least in the larger sense. 
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Now to go back to some more specific points, in Northeast 
Nigeria, there are Honda pumps, 4000 of them, they're selling 
them like donuts and you have good facilities, but Nigeria has 
had that opportunity for some years. What we're trying to push 
for in some of the larger schemes in Morocco, Mali and Senegal 
(in Morocco we have partially succeeded) is maintenance by the 
private sector. The Senegal irrigation authority, in charge of 
rather large schemes 10,000 hectares upwards, with a number of 
pumping stations, have contracts with private firms for the 
maintenance of the pumping stations. When you have a market, 
and where the government is involved, that helps alot. What we 
tried to achieve is not just pumping, but even in Mali we found 
a contractor who was offering to the Office De Niger a contract 
to maintain the gates. Privatization is not always easy in 
those countries, because the private sector may not be willing 
to come, but when it's willing, it can be-part of the answer. 
But the overall economic environment is one of the problems. 

deLucia: 

You've made some very valid points about food grains policy, 
but I think that in Africa, unless things have changed 
dramatically, on cash crops there used to be a real issue about 
what was market price and what was was world price and whether 
or not the government was trying to capture all the rents. If 
the government wants to let the farmer get a fair return 
they'll respond, so it's an issue of both the broad question 
and whether or not the government's trying to do the rakeoff. I 
agree that alot of our governments'policies with respect to 
food grains are perhaps not the most rational from the point of 
view of economics. 

Jack Vanderynn, Director, Directorate for Energy & Natural 
Resources, Agency for International Development: 

Let me just say that I'm delighted by the large attendance 
here, and the tremendous amount of expertise that's being 
brought to bear on what we think is a very critical issue. We 
hope that we can continue to draw this light from you over the 
coming months and the coming years. Some of the presentations 
made this morning are very sobering and its very clear that 
this is a very difficult area, but at the same time its a 
challenging and important area, so I hope as we go down the 
road, that AID can learn from your experiences as well as from 
our own experience and do better. Thank you. 
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Other Key Remarks: 

Tony Pryor, Energy Advisor, AID REDSO/ESA, Nairobi: 

Many of the AID sponsored activities in water-pumping do not 
show up in AID documentation because they are part of an NGO 
project, not an energy or irrigation/water supply project. 

Pruntel: 

Also true in Bank projects. 

Frank Carroll/ University of California: 

The scope of work for the Senegal pumping assessment started 
out very broad, but was subsequently narrowed by the Mission 
once the team was in country. They were interested in pumping 
as it pertained specifically to their own projects, not the 
country as a whole. When assessments are carried out in a 
period of two to three weeks in country, educated guesses about 
the performance and economics of systems are going to have to 
be made. Small variations in estimated performance can 
dramatically affect the overall estimate of system economics 
and thus the system selection process. This makes careful 
sensitivity analysis important, and points up the need to have 
individuals in country who have continuing experience with 
pumping systems and are familiar with their basic performance 
and economics. 

McGowan: 

In comparative testing programs certain types of issues (more 
often than not, non-technical issues) become of paramount 
concern. These include: 1) inputs/outputs of pumps in terms of 
both energy and costs; 2) quantities and heads against which 
you'll be pumping - accurate hydrologic information will often 
not be available; 3) reliability of the pump (unfortunately 
that's one of the most difficult issues, because you can only 
ascertain the costs of maintenance after a long period of time 
and it is difficult to identify the buried costs for 
infrastructure support); and 4) renewable energy site 
information (reliable historical wind data may particularly 
hard to come by). 

Kevin McCray, Director of International Programs, National 
Water Well Association: 

The pump is only as good as its well, and the cost of the well 
is much more than the pump, so don't overlook the importance of 
proper well drilling and construction. , 
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Douglas Barnes, World Bank Consultant, Agriculture and Rural 
Development Department: 

From personal experience in India, private farmers were able to 
maintain their pumps, mechanics were relatively easy to find as 
were spare parts. 

In India, the observed constraints to pumped irrigation 
included: 1) credit, 2) market access; and 3) labor 
availability, since irrigation is very labor intensive. 

The selection and development of pumping systems may be 
significantly influenced by energy pricing. In India, the 
government has heavily subsidized electricity to farmers, 
resulting in rapid expansion of electrified pumping. In 
Indonesia, diesel has been subsidized and the result has been 
very limited use of electric pumps. 

In India, diesel pumping may also eventually expand in areas 
not served by the grid as farmers see the benefits of pumping. 
Also diesels may be kept as a backstop to electric pumps, since 
a week is enough time to bring the diesel in if the electric 
pump is inoperable. 

Gaylord Skogerboe, Director, International Irrigation Center, 
Utah State University: 

From experience in Asia, maintenance is a major problem, and 
the most important element is to develop some type of private 
sector capability for maintaining pumping systems. We consider 
that a major hurdle. We are finally making some progress in a 
few countries in placing greater emphasis on operation and 
maintenance and less emphasis on construction. But we've still 
got a long way to go with most countries in Asia. 
Deterioration of irrigation systems is a terrific problem 
throughout Asia. We continually go through a cycle of 
construction, deterioration, rehabilitation, deterioration, 
etc. It strikes me that the problems in Africa have to be even 
more severe than in Asia. 

If I were to say what should be the highest priority activity 
in Africa, it would be first to find out what needs to done. I 
get the feeling that we're probably lacking the necessary 
information to really know what kinds of programs to implement 
in Africa. We need to better define the problems and develop 
appropriate solutions to those problems. 

Training in operation and maintenance requires a two pronged 
approach, one through the private sector and the other through 
the public sector. 
I would make the recommendation in the private category, that 
an organization like the National Water Well Association and 
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the trade industry be asked to look at how that might be done 
in Africa. For the public sector we should look to training 
first through international centers and then through national 
programs and focus particularly on developing extension 
specialists who would have some of this capability. 

Thorn; 

It seems to me some of the issues that you've identified here, 
you're kind of reworking the wheel, so to speak. I think alot 
of this has been done, especially when we deal with things like 
constraints to irrigation, and if you want someone just to pull 
things together, all well and good, but I think there has been 
enough done on things like this. I think also in terms of the 
success stories that there's a lot of literature available and 
I'm not sure whether one ought to give this too much attention 
(now I might be contradicting myself because I've also 
indicated that if you're going to do that I'd like to be 
involved). I think maybe the true success stories in Africa 
can be counted on one hand, that they are rather few anf far 
between, so I think that might be an exercise in futility. But 
if you want to go in and look at different countries, do a 
country survey, then again I think that has been done. So I 
question the validity of being involved in that, which would 
also from my perspective eliminate the snapshot approach. 

Pruntel: 

I wasn't going to say anything, but this remark tempts me to 
say something as well. It makes me say that I have completely 
the opposite opinion. I think we know very little, certainly 
that I am aware of, but there are so many things, so many ideas 
have been tried, by so many NGO's, by so many private people 
whose work do not know nearly enough about, that if we could 
evaluate all the experiences and put it on paper, I think it 
could make all the other ideas that you have there superficial. 

Westfield: 

This may be somewhat of an apples and oranges problem. Many of 
the successes and failures don't have that much to do with the 
water-pumping/water-lifting technology. They have to do with 
the institutional arrangements, the crops, marketing, which 
gets us way beyond pumping technology issues. If you look at 
the broader spectrum of issues behind successes or failures, 
such examinations become more useful, but I'm not sure that's 
what you're asking for, I think you want to try to examine 
pumps and water-lifting rather than the overall project 
perspective. 
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deLucia: 

Whatever you're going to do, don't try to do very many things. 
Just try to do a couple of them really well. Understand that 
you have very limited resources and a very complicated 
problem. Also, I think I agree with both Thorn and Pruntel. We 
don't know alot, and it's not well-documented and where we have 
had the writeups, very often the prospective doesn't allow us 
to draw some of the inferences we need to have for project 
design. As a consequence, I think the documentation of 
successes is very important, but I think it's important only if 
we do that with some kind of a uniform outline where you try 
and look at all of the issues and attempt some kind of 
inference as to why it succeeded or failed, and that means not 
just the narrow technological focus, but very much the broader 
focus. 

Barnes: 

Yes. I would really agree with that and I think that to develop 
au overall framework for this whole set of issues is probably 
ffttifre important than alot of individual parts put together. And 
I think in order to do that you need to have some people -
engineers, economists, agricultural economists talking with 
each other and developing the larger perspective. I know that 
that's difficult to do in reality, but it seems to me that it's 
needed. I think I would really agree that you need to 
understand the problems and issues within a larger comparative 
framework. 


