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Dr. Jyoti K. Parikh 
IIASA 
2361 Laxenburg 
Austria 

Dear Dr. Parikh : 

March 18, 1977 

This is to thank you for your communication of February 10 and March 4 
and their very interesting attachments. 

I have reviewed with some of my colleagues the outline of the Study 
on Energy and Development which you prepared following our discussions in 
Washington. In general we are satisfied with it and would like to go 
ahead on that basis and as soon as possible. However, for financial and 
time reasons, we find necessary to split the study in two. 

A first one, corresponding to Part I of your outline would be financed 
from our Department's own consultants funds and could be started as soon as 
we reach an agreement. 

The second part (Part II of your outline) will require using general 
Bank research funds, which can only be obtained after a relatively lengthy 
project selection process. We believe that presentation of some interim 
results of the first study would allow us to get the funding for this second 
phase. 

In order to go ahead with the first study it will be necessary for us 
to receive from you a much more detailed outline, an schedule for completion 
of the various parts of the study, and an itemized cost estimate. We would 
want to review interim reports at suitable intervals, sometimes in personal 
discussions with you. We have prepared a brief outline (attached) of what 
the first study could consist of, which is very similar to your own Part I. 
It would include an analytical description of past and foreseen energy use 
in developing countries but will go beyond most available studies in that 
it will deal not only with the best known categories of demand and supply 
but would give special attention to the energy uses and supplies of the rural 
population bringing into focus the evolution of their needs with development, 
the role of non-commercial fuels and the technological and policy issues 
peculiar to this sector of the economy. 



One point which should be clarified is if this study would be con
tracted with you or with IIASA. If contracted with you we need to be 
satisfied that IIASA does not object to the use of their data bank and 
other facilities. 

I look forward to your response to the above. Pease feel free to 
make any connnents or suggest alternatives regarding our proposal. 

Attachment 

cc: Messrs. Saunde 

EFriedmann:nc 

Sincerely, 

Efrain Friedmann 
Energy Adviser 

Energy, Water and 
unications Depar 



Ener and Develo ment 
with Special eference to the Rural Sector 

1. Introduction 

Object of study. Brief summary and conclusiorl;. 

2. Past and Current mrends 

Past and present energy consumption patterns will be described 

by country and/or suitable regional groups. Models would be developed to 

explain these patterns in terms of population, economic grotrth in the 

agricultural and non-a ricultural sectors, relative prices of energy 

sources and other suita le parameters. 

More specifically, energy use in rural areas will be examined. 

Requirements for subsistence level (i.e., cooking, heating) and additional 

requirements linked to rural d velopment (i.e., irrigation, processing. etc.) 

and growth in rural incom swill be estimated. The role of connnercia l and 

non-commercial fu ~ls in supplying rural energy needs at costs - monetary or 

other - which the population can fford will be discussed. The environmental 

consequences of use of non-comm rcial fuels, such as deforestation, soil 

erosion, health will be evaluated. 

3. Pro ections of Needs 

Kee ing the present and past commercial and non-conunercial energy 

usage in view, models developed from cross-country studies of developing 

countries and time-series studies of developing re ions will be used to 

estimate demand. This anal sis would take into account the GNP ori~inating 
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from agriculture and non-agricultural sector as well as rural-urban 

demographic structure. The projections of energy consumption would be 

consistent with specific prospects and scenarios of economic development 

of the various developing regions. The impact of higher energy prices 

will be examined. 

4. Energy Supply Options 

Overall country nergy supply options may be briefly discussed. 

Row ver, the main purpose of this s ction will be to discuss the optimal 

"mix" of connnercial and non-commercial fuels which can be suggested to 

supply future rural energy requirements at least socio-economic costs. 

SuggestionSfor developing systematically the non-commercial and renewable 

energy sectors would be made. 

Given the enormous mass of literature already available on 

"new technologies", description of these will be kept at a minimum, only its 

potential u ilization over a time scale will be discussed. 



Mr. Anandarup Ray 

Yves Rovani 

J 

I 

February 14, 1977 

Research Activities - Energy, Water and Telecommunications Depart ent 

Please find attached two lists relating to departmental research 
activities. List A, as requested, shows the documents resulting from research 
activities which were published in calendar years 1975/76. 

Since the lead time between research and publication is often so long, 
a better indication of recent research activity can be obtained from List B, 
which shows the research topics addressed in FY76, with a rough indication of 
their relative importance in terms of staff time. 

About haJ.f the department's time devoted to research activities in 
FY76 - one man-year of professional staff undone man-year of summer and other 
research assistants - was spent on departmental research activities. This 
relatively high proportion was spent preparing, complementing e.nd disseminat
ing projects financed by the Research Committee, as well as carrying out 
departmentaJ. research activities too smaJ.l or too operational to qualify for 
Research Committee financing. 

In FY76, emphasis continued to be on dissemination of results of 
pricing, village water supply, rural. electrification and other past research. 

State-of-the-a.rt papers were prepared on insurance practices, 
petroleum prospects of oil-importing LDCs, tc., which would probably be 
defined as operational by th Research Committee. 

A relatively large number of s:m.a.ller studies, which would not 
warrant attention of the Research Committee were undertaken such as: 

- development of a cheap, maintenance free hand pump for local 
Ii18.Ilufacture and use in rural areas; 

- economic cost of power outages in Jamaica; 

- guiding research/economic analysis by Borrowers, such as 
Papua New Guinea study of telecoms usage; 

- cost implications of variations in standards of water supply 
services. 

We will likely spend more time on research in FY77 (about 1.5 
professional staff man-year), and proportionately more on Research Committee 
financed activities in order to supervise (a) the new project on low cost 
technologies of water supply and waste disposal~ (b) the final phase of the 
study in least cost investment of power distribution; and (c) the final 
phase of the Costa Rica telecoms research. 

This should ca:rry on into FY78, hopefully with the addition of 
more energy research activities. 

Attachments.~ 

YRove.ni: pa. ~ 
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Table A: Selected ReE9rts from 

Ehergy, Water and Telecommunications Department, 1975-1976 

EW.r Department, "Rural Electrification", A World Bank Paper, October 1975. 

E'tJ'r Department, "Village Water Supply", A Wo:;•ld Bank Paper, March 1976. 

*Anderson, Dennis, "Costs and Benefits of Rural Electrification - A Case 
Study in El Salvador". Public Utilities Series, RES 5, February 1975. 

*Anderson, Dennis, and R. Turvey, Electricity Economics: Essays and Case 
Studies. Scheduled for publication by John Hopkins, Dec ember 1976. 

BEICIP, "Petroleum Resources of Oil Importing Lesser Developed Countries". 
Consultant Reports, December 1975. (Distribution Restricted to 
Bank Staff Only) • 

Friedmann, Efrain, "External Financing of Power Expansion", Public Utility 
Note No. 19, October 1975. Also printed in Energy Poli_£Y and offered 
as No. 27 in the World Bank Reprint Series, March 1976. 

Friedmann, Efrain a..--id P. Bourcier, "Interim Guidelines for the Collection 
of Ehergy Related Data". Public Utilities GAS 11, July 1975. 

Gellerson, Mark, "Costs of Electric Power Outages: A Review". Public 
Utilities Series RES 8, August 1976. 

Julius, DeAnne, "Economic Costs of Electric Power Outages: Methodology 
and Application to Jamaica". Public Utilities Series RES 7, 
August 1976. 

Journey, W. K. and R. Middleton, "A Handpump for Rural Areas of 
Developing Countries". Public Utilities Series RES 9. October 1976. 

Mukherjee, Shishi.r, "Energy Demand Forecasting: A Review". Public 
Utility Note No. 26, February 1977. 

*Overseas Consultancy Service, "Standards of Urban Electricity 
Distribution CFE, Mexico". Consultant Report, October 197 5. 

Rohatgi, P. K. "Potential of Solar Water Heaters in India". Consultants 
Report, due February 1977. 

Rydell, Ferd, 11A Report on Public Utility Insurance and Practice". 
Public Utilities Series GAS 11, January 1977. 
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*Saunders, R. J., J. Warford and P. Mann, . "Definition and Role 
Cost in Public Utility Pricing: Problems of Application in 
Supply Sector". Public Utilities Series RES 6, July 1976. 
published soon as a World Bank Occasional Paper. 

of Marginal 
the Water 
To be 

*Saunders, R. J. and J. Warford, Village Water Supely: &onomics and 
Policy in the Developing World. A World ~ank Research Publication, The 
John Hopkins University Press, September 1976. 

*Saunders, R. J., and J. Warford, "Pricing · and Investment in Tel ecommuni
cations". Public Utilities Research Series, due March 1977. 

Shipnan, Harold, R. Saunders, J. Warford and Others, "Measurement of Health 
Benefits of Investment in Water Supply". Public Utility Note No. 20, 
January 1976. Reviewed in American Journal of Public Health, July 1976. 

*w1m International Reference Center for Co~uni ty Water Supply, "Reduction 
of Unaccounted For Water from Public Hydrants". Consultant Report, due 
March 1977. 

*Reports prepared partially or completely from External Research 
Financing. 

. , 
I 
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TABLE B 

EWT Department Research Activities FY.76 

Code Title Time'/, 

Department Financed Activities 

R602 
R603 
R604 

R607 
R6o8 
R609 
R610 
R612 
R61J 

R614 
R615 
R616 

Petroleum Prospects of L.D.Cs 
Rural Telecommunications Study 
Borrowers Economic Research (Telecom
munications) 
Oil Potential of Oil Importing L.D.Cs 
Public Utilities Insurance Practices 
Energy and Rural Develoµnent 
Urban Water Supply Standards and Design 
Manually Operated Handpurnp Study 
unployment Impact of Water/Sewerage 
Investments 
Water Supply to the Urban Poor 
Rural Water Supply Programs 
Impact of Sewerage Installations on Water 
Consumption and Incremental Cost 

Total Department Financed 

4 
17 

8 
14 
36 
5 
6 
1 

2 
l 

100 (33.05) man years 

Research Financed Activities 

67036 
67037 
67039 

67067 
67076 
67111 
67112 

' ;, 
·. ;f 
,,/ ; 

·i.'. 

Property Values of Water Supply 1 
Village Water 'Supply 5 
Pricing and Investment in Electricity 
Supply 3 
Standard of Urban Electricity Distribution 5 
Pricing and Investment in Telecommunications 48 
Public Utility Pricing and Investment 35 
Reduction in Waste Water from Public Hydrants 3 

Total External Research 100 (20.25) man years 



TO: 

FROM: 

;I/' ~ ,,.~ 

WORLD BANK/ INTERNATIONAL FINANCE CORPORATION 

OFFICE MEMORANDUM 
Those listed bel~w ,.,J'//, 
Efrain Friedmann,~ Adviser, EWT 

DATE: February 10, 1977 

SUBJECT: Seminar on Basic Technology and Economics of Oil and Gas, Coal and 
C.eotherrnal Energy 

1. In line with the increased involvement of the former Power 
Divisions in overall Energy resources development, several of you have 
suggested a seminar to increase staff knowledge on the technical and 
economic aspects of the fuel industries. 

2. We have chosen to deal with this request by offering a first 
cycle of five lectures on oil/gas (3), coal (1) and geothermal (1). 
This cycle is designed to provide only the most salient and basic information 
of interest to Engineers and Economists. It should be followed later by 
seminars dealing more specifically with operational requirements (i.e., 
legal and financial aspects of fuel projects, etc.). 

3. The outline of the Seminar is given in the attached Annex. The 
first 3 lectures dealing with the oil and gas industry are scheduled for 
April. Definite dates will be announced with about one week notice after 
current uncertainties on staff travel are clarified. Lecturers for these 
initial sessions will be Mr. Fallen-Bailey, Energy Resources and Tech
nologies Specialist and Mr. P. Bourcier, Senior Energy Economist, of 
the staff of the Energy Advisory Unit of the Energy, Water and Telecom
munications Department. The lectures on coal and geothermal are scheduled 
for May. For all these lectures we plan to use audio-visual aids obtained 
from industry and in the course of our own work. 

4. The Seminar is strictly in-house.~ Each session will last from 
2 to 4:30 p.m. with a coffee break and about 1 hour for discussion. In 
spite of heavy demands on their time we have opted for having our own staff 
as lecturers. We feel this will encourage questions, comments and exchange 
of ideas and facilitate developing a common CPS/Regional approach to 
operational work in these new areas. 

Distribution 

Messrs. Bronfman 
Howell 
Pollan 
Rajagopalan 
van Gigch 
Wyss 

Attachment 

Beach 
Erkrnen 
Fish 
Sal azar 
Wessels 
Williams 
Rovani 
Sheehan 



SEMINAR 

Basic Technology and F.conomics 

of 

Oil and Gas 

Coal 

Geothermal Energy 

to be presented by staff of EWT/CPS 

AGENDA 

Lecture I. Petroleum Exploration and Development 

Lecture II. Refining and Marketing of Oil and Gas 

ANNEX 

Lecture III. Transport of Crude Oil, Natural Gas and Refined Products 

Lecture IV. Coal Exploration, Development and Utilization 

Lecture IV. Geothermal Energy. 



Outline of Lecture I 

Petroleum Explor~tion and Development 

Duration 1 hour+ 1 hour discussion and question period 

(i) Genera l Introduction 

(a) Brief historical review of the development of the oil and 
gas industry 

(b) Size and scope of the oil industry 
(c) World-wide distribution of oil and gas reserves and production 

(ii) Techniques of Petroleum Exploration 

(a) Physi cal and chemical nature and origin of hydrocarbons 
(b) Nature of oil and gas reservoirs and accumulations 
(c) Geological and geophysical surveys for oil and gas 
(d) Drilling, testing, and logging of wells 
(e) Onshore and offshore technology 

(iii) Development of Oil and Gas Fields 

(a) Drilling (onshore and offshore) 
(b) Production (onshore and offshore) 
(c) Gas/oil ratio and associated gas 
(d) Reservoir Engineering 
(e) Reserve estimates - volumetric, material balance methods 
(f) Pressure maintenance 
(g) Secondary recovery 
(h) Infrastructure - roads, water, living accommodation, 

telecommunications 

(iv) Costs and Economic Considerations 

(a) Survey and exploratory drilling costs 
(b) Development costs 
(c) Economic evaluations 
(d) Fiscal considerations 

(v) Personnel and Training 

(a) Number and types of personnel employed at different phases 
of exploration and production 

(b) Training - professional 
- artisan 
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(vi) Environmental and Safety Considerations 

( a ) Surveying 
(b) Drilling - Blowout prevention 

Fire hazards 
Disposal of oil and mud 
Special offshore conditions 
Plugging and abandoning of wells 
Protection of aquifers 

(c) Production - Avoidance of spills and leakage 
Fire prevention 
Salt water disposal 
Flaring of associated gas 
"Sour gas 11 (Mydrogen sulphide) problems 
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Outline of Lecture II 

Refining and Marketing of Oil and Gas 

Duration 1 hour+ 1 hour discussion and question period 

Part 1. Oil Refining 

(i) (a) Historical review 
(b) Scale of the industry 
(c) Future perspectives 
(d) Matching o·f refinery output and market demand 

(ii) Chemical Processes in Refining 

(a) Composition of crude oils 
(b) filended feedstocks 
(c) Sulphur, salt, vanadium and other impurities . 
(d) Distillation 
(e) Cracking and hydrogenation 
(f) Maintenance schedules 
(g) Process control and monitoring 

(iii) Products of Petroleum Refining 

(a) Product types and specifications 
(b) Special requirements, blending, and additives 
(c) Petrochemical feedstocks 
(d) Testing and quality control 

(iv) Infrastructure 
(a) Siting and location 
(b) Land requirements 
(c) Water and power requirements 
(d) Communications and access 

(v) Economic Considerations 

(a) Capital costs (including design and licensing costs) 
(b) Operating costs, incremental costs, theory of the 

''marginal barrel 11 

(c) Economies of scale 
(d) Economic evaluations 
(e) Rates of return 

(vi) Environmental and Safety Considerations 

(a) Fire and explosion hazards and prevention 
(b) Atmospheric and water pollution control (type of 

gaseous and liquid emissions) 
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(vii) Personnel and Training 

(a) Personnel requirements - professional 
- non-professional 

(b) Training programs - professional advancement 
- safety 

Part 2. Petroleum Product Distribution 

(a) Bulk transport of products 
(b) Storage 
(c) Retail marketing 
(d) Pricing policies 
( e) Marketing system - direct sales 

- franchised vendors 
(f) Competition in marketing 
(g) Standards of products and quality control 
(h) F.conomics of petroleum products marketing 

Part). Natural Gas Distribution 

(a) Technical aspects of distribution system 
(b) F.conomic aspects of distribution system 
( c) Seasonal and peak loads 
(d) Pricing policies 
( e) Metering and control systems 
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Out line of Lecture III 

Transport of Crude Oil and Natural Gas 

Duration 1 hour+ 1 hour discussion and question period 

Part I. Pipelines 

(i) Oil Pipelines 

(a) Physical characteristics and requirements 
(b) Construction 
(c) Operation and maintenance 
(d) Storage and reserve capacity 

(ii) Gas Pipelines 

(a) Physical characteristics and requirements - capacity 
(b) Construction 
(c) Operation and maintenance 
(d) Storage reserve capacity 

- Underground storage 
- Liquefaction 
- Pressurized Pipeline 

(e) Peak demand and seasonal loads 
(f) Gas processing and pipeline gas specifications 

(iii) Legal and Fiscal Considerations 

(a) Right-of-way 
(b) Common carrier status 
(c) Taxation 

(iv) Costs and F,conomic Considerations 

(a) Design and Planning 
(b) Surveys 
(c) Construction costs 
(d) Operating costs 
(e) Economic evaluation and rates of return 

(v) Personnel Requirements 

(vi) Environmental and Safety Considerations 

(a) Safety factors and accident hazard 
( b) Buried and unburied lines 
(c) River crossings 
(d) Underwater pipelines 
(e) Spillage clean-up and repair techniques 
(f) Corrosion prevention and cathodic protection 
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Part 2. Oil Tankers 

(i) The Tanker Fleet 

(a) Historic development 
(b) Structure of present tanker fleet 
(c) Ownership 

(ii) Types of Tankers 

(a) ''Clean II and "dirty" tankers 
(b) Combination carriers (ore, grain, etc.) 
(c) VLCC's 
(d) LNG tankers and LPG tankers 
(e) Motive power - steam vs. diesel 

(iii) Operation of Tankers 

(a) Loading and unloading 
(b) Terminal and harbor facilities 
(c) Cleaning and ballasting 
(d) Tankers and the Suez Canal 

(iv) Economic Considerations 

(a) Construction costs 
(b) Operating costs 
( c) Long term charter and the "spot II market 
(d) Structure of tanker charter rate schedules 
(e) "Flags of Convenience" 
(f) Financing practices 

(v) Environmental and Safety Considerations 

(a) Spillage and spillage control methods 
(b) Ballast decontamination 
(c) Fire and explosion hazards 
(d) Navigational and shipwreck hazards 
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Outli ne of Lecture IV 

Coal 

Duration l hour+ l hour discussion and question period 

Part 1. Coal Exploration and Development 

(i) Coal Industry 

(ii) 

(iii) 

(iv) 

(a) Historical perspective, origins of the industry 
(b) Scale of industry 
(c) World-wide distribution of coal reserves 
(d) Future perspectives 

Coal Deposits 

(a) Nature and origin of coal deposits 
(b) Types and chemical composition of coals 
(c) Geology of coal 

Coal Exploration 

(a) Geological and geophysical surveys 
(b) Reserve estimation 
(c) Bulk sampling and testing 
(d) Costs 

Coal Mining 

(a) Planning and design of coal mines 
(b) Open pit mines 
( c) Underground mines 
(d) Equipment requirements 
(e) Personnel requirements and training 
(f) Safety 
(g) Economic considerations - costs and pricing 

- productivity 
(h) Inter-fuel competition 

(v) Coal Transport and storage 

(a) Road and Rail 
(b) Pipelines 
(c) Storage problems - spontaneous combustion 



Part 2. Coal 

(i) 

(ii) 

(iii) 

- 8 -

Utilization 

Coal as Fuel 

(a) Historical 
(b) Power generation and steam raising 
(c) In the metallurgical industry 
(d) domestic and smokeless fuels 

Coal in the Chemical Industrz 

(a) Coke .and gas manufacture 
(b) Coal tar and synthetic dye industry 
(c) Synthetic liquid fuels 

Environmental Considerations 

(a) Atmospheric pollutants and their control 
(b) Water pollution and control 
(c) Subsidence in underground coal mining 
(d) Restoration of land surface in surface mining 
(e) Economic cost 
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Outline of Lecture V 

Geothermal Energy 

Duration 1 hour+ 1 hour discussion and question period 

(i) Nature of Geothermal Energy 

{a) What is geothermal energy 
(b) World-wide distribution and present status of development 

(ii) Geothermal Exploration and Development 

(a) Geological and geophysical surveys 
(b) Drilling 
(c) Reserve estimation 
(d) Types of geothermal field 
( e) Field management and production history 
(f) Economic considerations 
{g) Characteristics of geothermal fluids 
(h) Environmental and safety considerations 

(iii) Utilization of Geothermal Energy 

(a) Power generation 
(b) Process heat 
(c) Space heating 
(d) Economic considerations 
(e) Environmental aspects 
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./ 
Hr. A. Meimarist WAPA3 February 4, 1977 

/,. / 7 .. 
F. van :i_g~IAi'l'.)R 

(1) ~ -of Mr . G. R. :Bazin, Manager of Solar Cell Pump Department, 
Pompes Guinard 

(2) Vi ~it of Messrs . J . Houle and R. Logan, Bechtel Corporation 
/ February 3, 1977 

(1) Me.eting with Mr. Bazin 

Hr . Bazin came to the Bank to t alk about his firm's work on the 
~ , 

utilization of solar eneno.:_~~ p~ p ~te~ . He gave me some brochures 
(attached) and prom sed to give us more information about costs and performance 
of their systems . In a nutshell, the present systems has individually a 
maximum capacity of 5 kilowatts. They can pump water for the irrigation of 
10 ha at a cost of US$9,000 per ha . Their systems requtre no maintenance and 
there are no recurrent expenditures . ¥though the invest ment cost is higher 
than the diesel system, the cost perm of water is cheaper. He expects in 
the near future some major innovations in the production of t he cells, which 
at present represent 80% of the investments, and-thus a considerable decrease 
in costs. They will have demonstration activities in Senegal (Ba.mbey), Mali 
and Niger. Mr . Bazin was interested to know l>rhether the Bank could finance 
some "applied research" on the matter . 

I told him that the kind of financing he was seeking is more of 
research and development , the benefits of which would essentially be for 
his firm. I also told him that in general when we finance research, if at 
all, it is in cases where the r esults become public property. I thought 
offhand that the kind of financing he was seeking is not suitable for Bank 
intervention but that we '-'Ould look into the matter. I think that the use 
of solar energy has some future particularly in the Sahel and we should 
not be i .ndifferent to these developments. I would like to discuss t his with 
you on your return and you should touch base with them the first opportunity 
you are in France. 

(2) Visit of Messrs. Houle and Logan 

The gentlemen from Bechtel were exploring the possibilities of 
working i West Africa . I told them the policy of t he Bank r egarding 
consulting firms and gave them a general rundown of our work in the field of 
irrigation. An interesting point is that they had identified a project in 
Matan in Senegal based on groundwater which is refilled by the floods of 
the Senegal River. The estimated cost for two crops is about US$6,000-7,000 
per ha, all development included. This prqject is now in the hands of AID 
but the Government resists this course of action because it believes it 
would preclude later development under the ?-ianantali Dam . We should look 
into this matter . 

FvanGigch:db 

A t'f'A,..'hmPnt-

CC ~ Mr. A. R. Whyte 
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Energy Industries Ltd. 
4303 - 11th Street, N. E. 
Cal ory, ilberta T2E 6K4 
CAN.ADA 

For the Attention of Robin 

Dear Sirs: 

October l, 1976 

J Thank you tor your letter of August J, 1976, with 
literature on your natural ga.s compressor units. 

Rsgarding your wish to bid on any nk .. .financed projects 
requiring such units, we W'Ould like to advise that the Bank doe not 
maintain registers of ti.ms wishing to rec ive invitatio to bid. On 

nk-finano d projects such invitations are 1ssu d directly by the 
cone med project authorities after they have intern tional.ly advertised 
their intention to call tenders. 

hope this information will be help!Ul to you. 

Yours faithfully 

~~n 
dustrial. Project 
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Messrs: Beach, Erkmen, Fish, 
Williams 

---- E. Friedmann 
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onsi ur Bernard Renard 
ttache Industriel 

Ambassade de Prance aux F.tats-Unis 
Suite 620 
1100 Connecticut Avenue, N. W. 
Washington, D.C. 20036 

Cher Uonsieur, 

le 19 juillet 1976 

Je vous remercie de votre lettre du 12 juillet t de la communication 
de l brochure de la Societe Franc;aise d'Etudes Thermiques et d'Energie 
Solaire . Je vous rem rcie en outre de !'article qui fait le point des 
r~ lisations geothemiques fran~aises. 

Je co unique c documents a mon collegue Yves Rovani, Directeur, 
Dcpartement de l'energie, de l'hydraulique et des tel~communications . 

Avec mes rem rciements, je vous prie d'agreer, cher ~onsieur, 
l'expression de me eilleurs sentiments . 

cc: Mr. Christian Finne 

BChadenet/rh 

.B. Chadeuet 

ernard Chadenet 
Vice-President 



LE CONSEILLER COMMERCIAL 

CHEF DES SERVICES DE L'EXPANSION 

ECONOMIQUE AUX ETATS-UNIS 

11.elerenc• a roppeler, 

BR/ce/ 682 

Monsieur Bernard Chadenet 
Vice President 
Org., Plan . and Personnel Management 
Room E 1204 
World Bank 
1818 H Street, N.W. 
Washington , D. C. 20433 

Monsieur, 

Suite 620 
1100 CONNECTICUT AVENUE, N.W. 

WASHINGTON, D.C. 20038 

TELEPHONE: (202) 223-8710 
TELEX: 248320 FRCC 

Le 12 juillet 1976 1 

Faisant suite A notre entretien du 6 juillet, je vous communique la 
brochure de la Societe Franyaise d 1Etudes Thermiques et d 1Energie Solaire . 

Cette societe a con~u et realise depuis plusieurs annees une gamme de 
Qompes solaires A capteurs plans qui fonctionnent dans de nombreux pays , notamment 
pour des insta!Tations d ' irriga t ion . C'est au Mexique que la SOFRETES a realise 
la premi~re station solaire oppr~ti.9nuelle-A tu:rj> - l,te WJ,t:~ur . roduisant de l'elec
tricite qui est utilisee pour l'alimentation en eau potable d ' une ville de 10.000 
habitants . ·~· - ~- -· ~ 

Je joins A cette documentation un article qui fait le point des realisa
tions fran~aises en mati~re de geothermie . 

J'esp~re que cette documentation au sujet de ces realisations franyaises 
dans le domaine des energies nouvelles vous sera utile . 

Je reste A votre disposition pour vous fournir les renseignements comple
mentaires dont vous pourriez avoir besoin. 

P.J. 

Je vous prie d'agreer, Monsieur, l'expression de mes sentiments distingues. 

Bernard 
Attache 
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TECHNIQUES ET Rl::ALISATIONS FRAN(;AISES 
EN MATll=RE DE Gl::OTHERMIE . · 

Historique 

On sait que depuis la haute antiquite, !'existence de sources de chaleur favorisees par des formations 
poreuses ou fissurees dans certaines structures geologiques, s'est tradu ite par !'exploitation de ces sources 
chaudes, principalement a des fins therapeutiques. 

Plus pres de nous, au debut de ce siecle, en ltalie, a Lardarello, cette energie a ete utilisee pour la 
production de l'electricite sous forme de vapeur naturelle. Depuis 1920, en lslande, le chauffage de serres 
et de maisons a utilise la geothermie. A partir de 1950, en Nouvelle Zelande et en Californie des recherches 
plus systematiques furent entreprises. 

C'est egalement a cette epoque que les chercheurs francais ont approfondi l'etude des problemes de 
circulation des fluides d'origine superficielle qui se rechauftent en profondeur, deviennent plus legers et 
tendent de ce fait, a remonter en se substituant aux fluides plus froids. 

Cette circulation convective a notamment ete mise en evidence par un savant francais M . Jean Goguel 
qui, a partir des resultats obtenus sur le champ geothermique de Lardarello, a mis au point pour la premiere 
fois, un modele schematique de champ geothermique(*). 

.... , 

/ 
,,,. ' 

+ 

' . ,,,. 

+ 
+ 

+ a 

(* ) Ref. J ean GOGUEL : «Le regime thermique de reau souterraine • 
(Annales des Mines) 

C 

a-origine de l 'enomalie thermique: 
massif magmatique 

b-roches rigides fracturees : 
circulation des fluides selon des 
mouvements de convection 

c-reservoir (couches permeables) 
d - couverture impermeable 
e -sources chaudes 
f -indices : fumerolles 
g-alimentation en eau 

+ 
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Depuis des installations se sont developpees a l'etranger : au Japon, en U.R.S .S., en Hongrie. 

En lslande, en 1970, 40 % de la population eta it deja chauffee par l'energie geothermique grace a 
!'utilisation de sources d'eau chaude tres nombreuses variant de 48 °C a 128 °C; en effet, ce pays beneficie 
d'un climat a frequence elevee de temperatures comprises entre 0 ° et 10°, particulierement favorable 
a la geothermie. 

En Hongr ie, des conditions except ionnelles ont permis !'ut il isation dir cte de l'eau de forage pour !es 
installat ions de chauf fage urba in, des serres et pour les piscines. 

L'analyse approfondie des resultats obtenus a montre que !'elevation de la temperature observee avec 
!'augmentation de pre ondeur, denorrimee « gradient geothermique », ·est en moyenne de l 'ordre de 1 cc, 
pour 30 metres; toutefois ii apparait que certaines regions ont un gradient nettement plus eleve. 

Une distinction est faite entre la haute et la basse energie contenue dans les sources de chaleur, 
la haute energie etant necessaire pour la production d'electricite, alors que la basse energie est interessante 
dans diverses applications pour le chauffage. 

La temperature qui caracterise la limite entre basse et haute energie varie de 150 °C a 180 cc. 

Situation en France : en France metropolitaine, seule existe, en quantite importante, a court et moyen 
terme, de la basse energie. Dans les departements d'Outre-Mer, de la haute energie pourrait etre mise en 
valeur ulterieurement. 

Basse energie en France 

Les nombreux forages effectues pour la recherche des gisements petroliers dans la metropole ont 
permis de faire une premiere analyse des differents reservoirs d'eau chaude susceptibles d'etre exploites (*). 

La volonte d'e developpement de la geothermie lorsque la crise energetique est survenue, s'est affirmee, 
et le gouvernement francais a pris plusieurs dispositions, qui sont de deux ordres : 

- Developpement industrie l avec !'aide du Ministere de l'lndustrie et de la Recherche (D.G.R.S.T. -
Delegation Genera le a la Recherche Scientifique et Technique - (Comite Geothermie) .. 

- Etudes techniques sur : 

• la gestion des reservoirs - l'etude des nappes, 
• la conception des installations, 
• les problemes de thermique. 

a) Developpement industriel avec /'aide du Ministere de /'lndustrie et de la Recherche. 

Quatre projets de geothermie sont operationnels. 

A Creil dans la region parisienne, 4.000 logements, dont 2 .000 en habitat ancien et deja chauffes avec 
un combustible traditionnel, sont en cours d'equipement. 2 doublets, c'est-a-dire 2 puits d'extraction et 
2 puits de reinjection sont installes. Trois pompes a chaleur sont prevues en plus des echangeurs, afin 
d'ameliorer le rendement, en reinjectant l'eau refroidie dans les reservoirs. 72 a 75 % des besoins energe
tiques doivent etre couverts avec l'eau puisee a 60 °C environ. 

A Villeneuve- la-Garenne, dans la region parisienne, 1.700 logements pourvus de chauffage par le sol, 
installes deja depuis 10 ans, sont en cours de raccordement a un doublet geothermique. Une technologie 
particuliere yest appliquee quanta la nature des materiaux mis en reuvre (tuyauterie (casing) en polyester). 

A Mee-sur-Seine egalement dans la region parisienne, on assiste a la realisation de la premiere phase 
d'une operation importante portant sur 6 .000 logements, 50.000 m 2 de bureaux et des equipements 
collectifs, qui necessitera 4 doublets de forage. 70 % des besoins energetiques doivent etre couverts par 
la geothermie. 

A Mont de Marsan dans le sud de la France, ii s'agit de chauffer toute une zone de ia ville comprenant 
des immeubles anciens et d'autres a construire. Le pompage de 200 metres cubes d'eau douce a 65 cc, 
dans ce cas particulier - qui se situe dans une zone au climat moins rigoureux que celui de la region 
parisienne - permettra de couvrir 90 % des besoins energetiques dans des conditions interessantes 
puisqu'il n'est pas envisage de reinjection. 

(• ) Une premiere experience a ete realisee a Melun /'Almont en 1970 qui a fait apparaitre la faisabilite de /'exploitation 
geothermique (premier prix de /'energie 1975 attribue a M . P. Maugis) avec /'utilisation de la reinjection d'eau 
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Une quinzaine d'autres dossiers tres avances existent mais ne sont pas encore arrives au stade de 
l'etude financiere. Toutefois. ii est interessant de noter que des groupes industriels ayant une assise financiere 
suffisante pour couvrir les risques techniques d 'exploitation et de forages s'interessent desormais a la 
geothermie en France. 

b) Eludes 

La gestion des nappes d'eau chaude a fai t l 'objet d 'etudes pa rticulierement poussees au B.R .G.M. 
Bureau de Recherches Geologiques et Minieres. La reinjection dans les roches du reservoir et des 

epontes de l'eau refroidie jouant le role de vecteur, entraine vers le puits de production, une recuperation 
de la chaleur stockee. 

Des abaques ont ete etablis pour calculer l'ecartement des puits en tenant compte de la hauteur de 
l'aqu ifere, de la porosite des epontes et du debit de soutirage pour une duree de 30 ans d'exploitation 
a titre d'exemple ; d'autres permettent de calculer la duree d'exploitation avec variation du debit. .. etc ... 

\ -~:~· ·-... \. ) 
y 

\ i / ~ 
\ i l o 

)/,/ - ------
,,_ 

/ 
,, .. ~.,~·· 

i 

A 500'---'--__JL...._-'---'---'---'---'-----'-- .l_--'--------,-
20 40 60 80 100 X 

0 100 300 500m 8 -1-76-100-3 

x : t0mps lannt!es) 

8 -1-76-100-2 
y : tempt!ratura (0 C) 

A - t!coulement naturel 1 m / an 

Le B.R.G.M . a egalement mis au point des modeles numeriques de simulation dans le cas de plusieurs 
puits afin de determiner les implantations optima des puits pour une ville nouvelle par exemple. 

Conception des installations 

Les puissances calorifiques disponibles d'un forage geothermique sont proportionnelles au debit du 
puits d 'extraction et a l'ecart de temperature a l'echangeur. 

La temperature de depart est determinee par celle de l'eau de forage a quelques 2 ou 3 degres pres. 

Les retours de~ installations raccordees se font a des temperatures variables suivant les types d'instal
lations. Ce sont done ces retours des installations qui conditionnen t pour la plus grande part le rendement 
des installations geother"miques. 

fn ventaire des systemes utilises en fonction des problemes de thermique 

Les types d'installations de chauffage les plus facilement utilisables aussi bien dans le cas des habitats 
existants, qu'en cours de construction, sont, actuellement, ceux utilisant le chauffage par la dalle de plancher 
dont les retours se font a des temperatures de I' ordre de 30 °C. 
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EXEMPLE DE SCHEMA 
DE PRINCIPE 

Utilisation geothermie + energie fossile + electricite 

- circuit eau du puits 
circuit chauffage aller 
circu it ch auffag e retou r 

a b 

tl 

0 
¼d· e 

d 

C 

f 

I 
I 
I 
I 

+ 
I 
I 
I ----11·, ---- :- L-M-:..- - -fl--- -----'.h--- -_· -~J 

. . I 

I 

~ -r--========:: 
I 

I 
I 
I 
't' 
I 
I 
I 
I 
I 
I 
I 

a -tiite de puits 
b - reseau 
c-immeuble 
d -panneau de sol 

- - - - - - - -- _J 

e - radiateur electrique 
f -fa<;ade 1 

fa<;ade 2 

B-1 -76- 100-4 

EXEMPLE DE REALISATION 

Utilisation de la geothermie avec pro
duction centralisee d'eau chaude sani
taire . 

- · circuit eau du puits 
circuit chauttage aller I 
circuit chauffage retour I 

(40° lt 110° C) 

a -echangeur 
b-cuve 
c -panneaux de sol 
d -secours E.C.S . 
e-eau de ville 
f -E.C .S . 

C 

g-puits 

,+. 
I 

h -caniveau chautfage 
i -retour radiateurs 
j -retour general 
k-retour panneaux de sol 
I -chaudieres 

k 

B-1- 76 -100-5 

4 

·, 
' . I I . . I · t . . t U] 

h 

g -thermostat a compensation 
solaire 

h -chaudiere de pointe et d'? secours 
i -echangeur 

40° C 

g 

70° C 

100 m
3 / h 



L'utilisation des reseaux d'eau chaude sanita1re sont egalement tres interessants pour abaisser les 
temperatures de retour des circuits. Des etudes sont poursuivies sur des schemas de montage de tels 
reseeux associes a des complements de chauffage traditionnel assurant !'appoint et le secours. D'autres 
etudes portent sur les regulations dont le role est capital, puisque !es chaufferies d 'appoint utilisant des 
combustibles importes, sont sollicitees en permanence par le jeu des regulations. 

L'utilisRtio n c:!'echang eurs et de pom pes a cha leur. assoc iee a la notion d' aba issement de la temperatu re 
des retours, fa it en fin l'objet de nombreuses etudes app liquees. 

Les etudes et les experiences franc;aises en basse energie, se sont revelees dans les enceintes inter
nationales d'un inten~t capital, et elles y jouent un role pilote. 

Haute Energie 

Les recherches entreprises par des groupes d'etudes industrielles et scientifiques (B.R.G.M .• EURAFREP, 
etc .. . ) ont revele des possibilites dans les departements d'Outre-Mer, en Guadeloupe et dans le Territoire 
des Afars et des lssas, notamment, qui sont des encouragements pour la technique franc;aise. De telles 
equipes, par leur competence, peuvent etre deleguees pour des projets et etre operationnelles pour des 
realisations dans le monde entier, y compris lorsqu'il s'agit d'installations de centrales geothermiques qui 
sont etudiees en liaison avec les bureaux d'etude, E.D.F. - Electricite de France - et les constructeurs 
franc;ais. 

MINISTER£ DE L'INDUSTRIE ET DE LA RECHERCHE 

Direction des Mines 
Sen•ice de la Geologie, des Minerais, Metaux et Mater iaux de Construction 
99, rue de Grenelle 
75700 PARIS - FRANCE 

Tel. : 555.93.00 
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INTERNA TION AL DEVELOPMENT I INTERNATIONAL BANK FOR 
ASSOCI ATION RECONSTRUCTION AND DEVE LOPMENT 

INTERNATIONAL FINANCE 
CORPORATION 

OFFICE MEMORANDUM 
TO: FILES DATE: January 16, 1976 

FROM: E. Friedmann ~ 
SUBJECT: Energy for Rural Areas - UNDP - ERDA - USAID - World Bank 

1. Today I chaired a meeting with representation of the above 
mentioned institutions (list of participants attached) to discuss 
possible cooperation in Research and other technical assistance 
activities related to the problem of energy for rural areas. Mr . C. Weiss 
had sent the invitations, but he was sick and unable to participate . 

2 . The meeting was a veritable tour de force over the many sides 
of this extremely complex subject, with interesting contributions from 
all attendants. Many views and suggestions for action were outlined. 
Among current and planned activities reported were: the publication in 
the near future of a NSF report on "Energy and Rural Development" and 
other on "Biogas systemso II A USAID project for FT77 of several 
in-country studies in LDC 1s focussed on energy use in rural areas, sources 
of supply, costs, potential for improvements etc. An ERDA funded market 
study of solar cell application, currently in the U.S. but likely to be 
extended to some LDC 1 s . 

3. Some participants stressed the importance of improving the 
operation of the non-commercial traditional energy supply systems by 
better forest management, more efficient stoves, increased used of 
local labor and materials. Others offered solutions based on mass 
production (local or foreign) of new equipment (biogas generators, 
windmills, etc.). 

4. It was decided to put in writing and circulate specific 
proposals within the next 3 weeks as preparation for a future, more 
decision oriented meeting which would take place in the Banko It is 
obvious that the institutions participating would like to be helpful 
in this field but are uncertain about where the priorities are and 
which is a feasible approacho 

5. Participants also agree to circulate selected references on 
the subject and Mro Palmedo of BNL offered to have a graduate student 
carry out a more thorough literature survey. 

cc: Messrs . Rovani, Yudelman 
vleiss, Pak, Bourcier 

EFriedmann:mb 
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WORLD BANK, JANUARY 16, 1976 

Norman L. Brown 

Jack Vanderryn 

Clint Stone 

Jerome (Sam) Bosken 

Jerome Kahan 

"'1.artin Prochnik 

Russell J. deLucia 

Vinod Mubayi 

Philip Palmedo 

A. B. Harland 

Efrain Friedmann 

Simon J. Pak 

ERDA (International R&D Programs) 
(202)376-4322 

ERDA (International R&D Programs) 
(202)376-4319 

US AID (TA/OST) 

US AID (TA/OST) 

State Department 

(202)632-7971 

(202)632-7971 

(202)632-8995 

State Department (OES) 

Meta Systems Inc. 

(202)632-4413 

BNL 

BNL (516Y345-2316 

UNDP (Director Technical Advisory Division) 
(212)754-4745 

World Bank, Energy Adviser (202)477-5346 

World Bank (Office of Science & Technology) 
(202)477-6921 
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