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FOREWORD
 

In October of 1978 a two-man energy team from AID visited Tunisia
 
for approximately three weeks. The team Scope of Work included review of
 
pertinent energy and economic development plans, examination of energy insti
tutions and institutiondl development, discussion of these subjects with AID,
 
Tunisian government and private sector representatives, and recommendations
 
to USAID Tunis, the Tunisian government, and Washington USAID of activities
 
that will, within budgetar3 limitations, support the advancement of renewable
 
and fossil resource energy for" national development. A report summarizing
 
the findings and prepared particularly for USAID personnel familiar with
 
Tunisia was submitted in October of 1978.
 

As a result of this report, i DSI team including the two original members 
with skills in institutional/economic analysis and energy technology evalua
tion and a new member with experience in training was sent to Tunisia to 
follow up on the original visit. The Scope of Work for this team required
them to define and describe specific projects worthy of both countrie'.'
 
mutual involvement and funding. This report summarizes the team work per
formed and project recommendations arrived at during a two-weet' visit to
 
Tunisia in February 1979. 

This report recommends three subprojects and reflects the analysis

and judgements of the team, USAID personnel and Tunisian govw'nment repre
sentatives.- While it is a document written by DSI team members and solely

their responsibility, the project concepts grew out of and benefited from
 
the dedicated work of many other individuals whose contributions are grate
fully acknowledged.
 

The individual subprojects are described in sufficient detail to allow
 
considerations of their funding by AID. If they are accepted, the first
 
step in their implementation will require a detailed design phase. This
 
design phase will involve AID, consultants/contractors and the Tunisian gov
ernment. The purpose will be to refine the projects and optimize the results
 
toward the goal of providing energy for self sustaining economic and social
 
development.
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I. SUMMARY AND RECOMMENDATIONS 

A. Introduction: Defining a "Mature" Relationship 

Relations between Tunisia and the United States are now passing intoa new phase that has been characterized as 
a "mature" relationship. During
the recent years of economic success 
that have elevated Tunisia into the
category of middle-income nations, tne percent of the population that falls
below the absolute poverty line has decreased from 30 percent to 16 percent.
The per capita income now exceeds $800.1 Under these cor-ditions, AID programs oriented toward human needs require a redefinition. Such a redefinition, of course, does not overlook the continued existence of poverty in
the declining fraction of the population, but it takes account of the fact
that the path of development is being well travelled, and begins to
attention to alleviate threats that could 
turn
 

everse the successful course. 

Tunisia is not alone in this 
category of nations. 
 It is joined, for
example, by Korea and others in whom the United States has a long-term interest but with whom the AID relationship based on 
human needs requires

examination.
 

Among the characacteristics of a "mature" relationship is that it is
predicated on self sufficiency, mutual benefits, and an orientation toward
future developments of importance to both nations. 
 In terms of self sufficiency, Tunisia clearly entered into the international status of a desired
trading partner with improving credit and balance of trade features. 2 
 The
maturity of the economic relationship of Tunisia and the United States is
reflected in increasing interest in private sector investmenzs by American
firms. 
 This report is not, however, about general relationships with Tunisia.
It is concerned with the role energy plays in maintaining good relations,
anticipating problems that might disturb the successful path that Tunisia
currently follows., 

The 	 improvement in world cormmodity prices 1973-74,in esoecially inpetroleum exports, greatly assisted Tunisia to improve her self sufficiency
by 	paying for refined petroleum imports and literally fueling her economic
growth. 
 However, the results of recent energy planninq efforts indicate
that by 1990, current known reserves will 
not meet domestic needs and Tunisia
will join the group of nations dependent on imported fossil fuels. 3
 .
 

1. 
For 	an overview of basic statistics especially relevant to Agricultural
Economic Development see: "Agribusiness Council, 
Inc., September 1978.
This work is based on analysis by Heroert Steiner, USDA.
 

2. 	For analysis of tne Tunisian economy, limited official access
for: 	 is granted
Tunisia Economic Position and Prcspects of Tunisia, Review of theFiftn Development Plan, 1977-1981. World Bank Report No. 153-TUN, 
May 2, 1977. 

3. 	Ministry of Industry, Mines and Energy, Republic of Tunisia "ApercuLa Strategie De L'Energie De La Tunisie.' (See Appendix C). 
Sur 
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The diesel and electric pumps being financed today, will,
amortization period is finished, have to 
before their
 

run on imported fuels that are not
offset by petroleum exports. 
 Surely, Tunisian exports in other sectors can
be used to offset these imports, but whether imports will 
be sufficiently
available to middle-income countries bidding against developed countries
provides intolerable uncertainties. 
 The mature relationship should hope to
diminish those uncertainties.
 

To this end, the AID Energy Office is designing programs and projects
that assist energy managers in developing countries to meet their energy
needs for economic development. In the particular case of Tunisia, these
needs have some specific parameters set by the energy ministry itself.
M. Boussoffara, Chef du Cabinet of the Ministry of Energy, has articulated
a goal 
to meet 10 percent of national needs in 2020 by renewable energy sources.
This goal 
is currently being examined in an energy modelling effort soon to
be under contract.4 Current projections indicate that by 2020 the equivalent
of present consumption of fossil fuels will 
have to be entirely replaced by
renewable sources.
 

The problem facing Tunisian energy managers is to determine where and
when renewable sources 
can be introduced into economic development programs.
The AID Energy Program outlined below isdesigned to assist inmaking those
choices by 1) demonstrating, in the agricultural 
sector. which currently
provides the best target for a human needs orientation, where new energy
technologies can 
be applied to increase productivity without increasing
dependence on 
fossil fuels; 2) illustrating methodologies for industrial
and commercial 
waste utilization which provide alternatives for energy from
waste recovery; and 3) providing a management training program for high-level
decision makers and their senior staff 
to 
determine the timely introduction
of new forms of energy. 

Such a program fits well theinto j-efiniticn of a mature relationshipfor it is -owa-dorien-edassisting Tunisi3 to imorove eneyand to reduce d/ •uf-ciency"ne pressure it brings to zne remaining foss:l fael s:oc.s ofthe world. The renewable technologies -nd the skills needed ,duction will -emain long the 
f-r their introafter oroject period and w-Ili c.-tIne to ssistthe Tunisians to help tnemselves. -r:ne-ore,
tr2 concept of one f te
projects, combinng drip irrigati,-q wit- a ,h ctcvolac source, iasdeveloped in Tunisia been welland may eventually reoresen:Tunisia a transfer of krowled=e fromto the .nitadStates. Thus,7'e mutual aspects of -ne orogram designfit well into tne redefinition of tne re~a-ionship.
 

4. The HLn:rv of :ndustrv, 'ines anJ Ener-.: 
 has compiled a c...rehersive
set of startisti:s on Ene- ,ry Procu-ati nr Cor-sumction by se:ter. 
 ir
enercy assess-ent cata are ,o7 ,mrcs and wih e of this modelling efiort, the will have a fu2
' :a:city for arnalysis. En-eror;seTunisierne :"Activi:es 2etrleees 
 ',=-?m,
the Ministriy's f

Studi, 4i deveio enwmo. 

o-
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The following procram is also timely, for if significant amounts of
substitute energy forms are 
to be in place by 19910, orders will have to be
placed in the mid-1910s. 
 If those decisions are 
to be informed by familiarity with rene,,able energies, projects must begin now to pass through thedesicn, construction, oDeration, and evaluation phases.
 

The information concerning application of alternative energy sources
and tecnnologies is critical. 
 Because of their high cost relative to traditional sources, it is l-keiv that a diminished level of supply (less
electricity) will have to be provided until the economics of solar andwind sources become more favorable. For example, currently there is very
little information on how to design solar and wind energy supply systems for
rural villages. There 
are no established 'rules of t:iumb' 
or proven desin
criteria to be used to size the solar panels, windmlls, or battery sto,systems. Thus, the w;evariety of apolicaticons of solar and wind techno ogiessu~gested for a village in this report wilil de_,elo cesign data and help
estabii;h how much anc 
-or v,-,at period of t'me electricit" and energy isneeded in rural agricult-urai settings. The development of this type of catais very important to set the direction for the fuu7ue of solar and wind uses. 

The recommended Drogram is fundamentally designed to provide timelyinformation on a broad range of technologies and apclicat ,ns in order to
assist the Tunisian Government to make informedl 
decisions regarding where,
how and when alternative energy sources can be applied. 

DEVELOPMENT SCIENCES INC. 
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B. Project and Subproject Summaries
 

The overall project has 
as 
its objective providing assistance to
Tunisian decision makers in determining where, when, and how renewable
 energy can be applied in the future. 
 The scope of the project is, however,
limited to selected areas of the economy rather than to overall national
energy consumption. 
 The human needs orientation has focussed attention on
the agricultural 
sector in Subproject I (Agricultural Application), and
within that, a rural village now being targeted for future development. Some
breadth of knowledge will be gained from that limited sector because the
project will show that the general functions of heating, lighting and
pumping can be carried out by renewable energy. By extension, but with important caveats 
for capacity and costs, other applications can be previewed.
 

Subproject 1, Agricultural Application of Renewable Energy, consists of
eight technologies for four major functions. 
The first function envisages
the research and demonstration of photovoltaic pumping combined with drip
irrigation to obtain more rapid growth of young fruit trees in a semi-arid
region. 
 The purpose is to provide the most efficient use of the scarce
water resource, while at the 
same time adding the benefits of controlled
irrigation to arooriculture. 
 In Tunisia there 
are several possible fruitbearing trees to which these technologies may be applied: 
 orange, tangerine,
lemon, apricot, fig, date, plum, peach and pear trees. 
 While drip irrigation
may save some ten percent of the water which would be used in normal surface
irrigation when applied to mature fruit trees, savings may s!.rpass sixty
percent when used with seedlings and young trees, due to the reduced diameter
of root area to be reached. Photovoltaic pumping is, 
at today's prices, most
economic for micro systems or where several functions in addition to pumping
are contemplated. 
Since drip irrigation uses 
far less water than normal open
trench irrigation, the characteristics of the two combined are highly comple
men tary. 

The design of the total 
system Provides for an equilibrium to be maintained between the rate of eva~otrans,iration caused by solar radiation ando-her prccesses and the rate of supply of water through the system. 

This is possible due to 
the fact that the rate of evapotranspiration
and the amount of energy delivered by the photovoltaic panels toth depend ont=he amount of solar radiation. Experimental work on a system utilizing suchan equilibrium has been performed by Dr. duS. Amami, Director of the CentreGenic Rural. 
 A copy of his paper entitled, "L'Automatisation de l'Irrigation
par la Combifaison du Pompage Solaire et du Systerne Gout:e a Goutte" is
attached to this report as Appendix D. 

The sec:nd function uses waell aevelcted solar zt.ermal :ech.nology incn Con4UynetdLunctocn passive solar,aith a - greerhouseae ni so as to peri- both greatly increased ro yields -od i . gretl in...and a shift in crcwing seasons. ne crop :lanned for thedeccnstraicn project is tcme.tes. Th.e income benefits to farmerthe aresL.tsant i.l, due to increased and higher prices whi:n prevail in the:==-seascn. An additional enefi: -.ay csme frsm t-he furniZhinc of tomatoes: :ne can rg industry; at oresen- tre tomato carnin =ac-or near El e-
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works only during the 
summer months, when crops are harvested.
 

At present the use of greenhouses in Tunisia is limited since there
is 
no means of storing heat during the day for release at r'ght. In the
project, several greenhouses would be equipped with solar tnermal 
hot air
collectors which would transfer heat to 
a storage system, using natural
convection currents. 
 During the night tnis heat would be released. The
system is designed so that the temperaturz wilI not f'all below 4°C, the

minimum allowable for tomatoes.
 

The third function i- designed to pump water to be used in traditional
irrigating practices, but not with fossil energy sjurces. 
 Several pumping
operations will be carried out with the use of wind and photovoltaics.

The function will thus create familiarity with important future
technolocies. 
While wind had been used before diesel pumps were introduced,
its reintroduction with storage systems to provide light and power, outs
wind in the modern category. Photovoltaizs, thou;h not economic'lly competetive at this time for larger uses, 
snould eventually be affordable and its
introduction now is necessary so that the test period can be accomplished

before real needs are felt.
 

The fourth function provides lighting to homes, institutions and businesses, as well as heating to an infirmary. It recognizes that the desire
to stop migration to the cities and to concentrate people in villages in
central Tunisia has resulted in 
a need for rural electrification to make
village life more attractive. Our Tunisian colleagues noted that they could
not expect increased yielos through solar energy applications to agriculture
if the peasants were leaving the countr' to go to Tunis. 
 The design of
Subproject I uses photovoltaic sou-oes 
for light in village [ !es, stores,
workshops, school and infirmary. Solar collectors will be used for space
heating in the infirmary, where severe colJ has hampered patient care.
 

Itwill not be feasible to 
provice each home with much lighting; only
150 watts per house is planned. It should be noted, however, that even in
areas presently served by the electric grid, few rural homes have any electric lighting at all. Electricity g-neraily Is used for agricultural and
 
commercial purposes only,;n the smaller villages.
 

These four functions provide a breadth of exoerience tnat will give
concrete expression to -he planning of a renewable energy future.
variety of functions anu technologies shcul prcvide information for 
The

extensive application. 
 AID will be responsible f r early introdiction of
technologies that can 
have later and substantial impact.
 

Suborojezt 2, Energy from Waste U- li:tizr, is designed to 
inform
analysts of the methods used to cetermine -he eeeg , value in wastes and howto exploit them as 
sources of steam or otrer forms of energy. in particular,
the industrial and commercial wastes of :ne Diszri t of Tuls wilE 
be used as
an illustration of how these sources of energy can be exploited. 
Municipal
householc wastes are now being examined by the District for use as 
compost
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and the two studies can be coordinated. 
From this effort, trade-off analysis
among competing uses of wastes will be illustrated and the capacity to generalize to other wastes will 
be developed.
 

Subproject 3, Training inAlternative Energy Applications, is designed to
assist major consumers of energy, especially in the government sector, to
determine where and when 
to introduce solar energy into the country. 
While
the actions to be taken in the light of uncertainties of reserves and abilities to offset rising petroleum costs are 
a matter of national 
risk assessment
and the exclusive province of the Tunisians, the technology characteristics
and the issues surrounding the introduction of technologies
in can be presented
an objective international setting. 
 The training program outlined below
aims at three different audiences in three different programs 
so that pertinent information can be transferred.
 

One audience, the high-level bureaucrats who manage energy production
or who are responsible for high levels of consumption, will be addressed in
an intensive and convenient format. 
Another audience, their immediate subor.nnates, who prepare information for decision making will
somewhat longer course so be offered a
 
level. 

they may carry out their duties at the technical
A last audience of highly specialized experts will 
be offered advanced training in the United States.
 

All 
audiences will be offered an opportunity to participate at some
point in Subproject 1, Agricultural Applications, so that they can achieve
some practical exposure to the issues discussed. Of course, they have
daily experience with their own planners and the management training will be
sensitive to the existing system for making energy decisions.
 

The renewable training is not the only tra ning associated with the
project. Subproject 1 includes training for site personnel at a much lower
operational level, 
but its 
budget and design are separated From the management audiences.
 

Combining the credibility of the technology which should emerge from
Subproject 1 with the direct training fr-cm Subprojects 2 and 3, AiD can expect that a relatively small effort will
reality of the need will be forced on 
provide multiplying results The
the Tunisians as 
it has been forced
on the Anmerican consciousness. 
 At the time dhen acticn must be taken, informed positions on 
an array of alternatives will 
be ready.
 

OEVLOpMZNT SCIENCES INC. 
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C. Recommendations
 

Based on 
the assumptions that the mature relationship between the two
countries is well 
served by working together in the energy sector, and on
the need for Doth praczical working experience with renewable energy technologies as well as information for decision making, the eiergv
mends eam recomsuppo-: for the programs discussed in detail in the ne., section. 

The funding recommendation is at the level 
of $948,OCO. The Science and
Technology effort in Tunisia traditionally has funded its program from grant
funds. 
 Since the technology provided is above the prices Tunisians can be
expected to pay some years from now when they would make an ordinary marketdecision, it is expected that this S&T Drogram also would b% funded by grants.
At the same time Tunisians will 
pay for those portions of :ne prcject that
are 
recuDeratle through increased proauctivity such as ;eis. Since the
traininc effort. is clearly in the mutual 
interests of cour.ties using limited
world fossil 
reserves, grants are to be considered as the fnancing means.
Some of the information in applying photovoltaicsto drip irrigation is 
new for
Americans and thus the information transfer coming in the conor's direction
should also be taken into consideration.
 

Due to the budget cycle of the Tunisian government and to the phasing
down of AID assistance anticipated, there is 
an unusual need for a rapid decision process. The Tunisians will need to put 
a provision in their budget
by June 1979 if their funds are 
to be set aside for the start of the American
fiscal year in October of 1979. 
 It is necessary to meet this timetable.
Also, since the results of this effort will 
not be convincingly demonstrated
before at least 
two years, it will be 
1983 before the impact will be
felt on decision makers. 
 This is not too early to start zne thinking process
for by that time other nonrenewable energy technologies willsideration for purchase be under conto meet the growing Tunisian energy demand. 

Both the amount of money and the timing of the money a,e
maximum impact. designed for
Lhile the substantive aspects of design of tne project are
valid at many levels of funding or timing, they are 
a:: -C Nt 7est if the levelof effort is too 
low and restricted to 
too few technologies
is delayed so that information is ava,lable only 
cr if tne timing

after te decisive periodwhen action will 
be taken. To accomplish the aims of nel.ing the Tunisians
to deter-nine where, whetn, and how to introduce new energy sources, no more

and no less is necessary.
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II. PROJECT DESCRIPTION
 

A. Subproject 1. - Agricultural Applications
 

1. General Objectives and Expectations
 

The most general objectives for the Village Agricultural Subproject
are the same as 

regional bureaus: 

those for almost any Energy Office project in support of
the provision of energy for economic development. However, because of actual and anticipated disruptions in the flow of cheap
energy on which previous economic development has been based, it is necessary
to seek alternative energy forms. 
 These alternatives should be both known
and understood prior to their mass 
introduction by projected marketplace
pricing forces. 
 This statement is based on 
the desire to avoid expected
political and social disruption attendant on 
the uncertainties of fossil
fuel availability and costs as world known reserves 
of oil and gas are

depleted.
 

The specific objective of Subproject 1, therefore, is to provide information to Tunisian decision makers that will assist them to 
relate economic
and social development to energy availability. 
There is currently uncertainty
that energy will be available in the late eighties to fulfill economic decline in use of domestic oil after 1989 is
cause for concern. 
 Current thinkinc
in the country suggests a future reliance on 
nuclear energy,b but the financial
aspects of that alternative appear to be formidable at this 
time. Additional
alternatives must be given consideration and this subproject is designed to
provide knowledge and experience with solar and wind reneable energy sources
for rural economic development.
 

The expectations from Suboroject 1 therefore are 
that Tunisian decision
makers ail d.ave enough understanding of the 
limits and value of selected
renewaole energy technologies to -ecide when and where they should be introduced into rural ecnnomic ievelopment programs.
 

An additional expectation is t.nat #merican decision makers will 
have a
double interest in following this subproject. Firsz, with specfic concern
for the rec-onal economic deve!opmen- program of Central 
Tunisia, renewable
energy forms should be evaluated for aoplicability to
American policy on this project. Second,
energy for developing countries is based on 
availability
of renewable energy forms. 
 A:D should prove its point with several successful
demonstration projects in 
a variety of situations around zhe world. 
The oe:t'.e o-f Subcro4ect 1,Acricultural Aooiica: :ns, 
is t.us si-ply


sta:ed as an 
ear./ demons ... on o' t: 

to proide an 

ut-ility of solar ard wind technoogies
al-ernative base for c .ninuedrural eccncmic -eielcorent.
 

5. op. Ot. 'pe-.cu, pps. .,
10.
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2. The Site for Applications
 

The village of Hasse El Frid is approached over passes through the
mountains whicn separate it from the capital of the Governorate, Kasserine,
in Central Tunisia (See Maps I and II), 
 Approximately 70 kilometers by
road from this M3dern town, with the last 30 over rough tracks, the villageof 50 families ( 603 people) is remote, but not completely out of contact
with larger towns. 
 The first visual impression is one of self sufficiency,
for it is located on 
a larce flat plain which is surrounded by mountain
barriers which inhibit the flow of people, goods, and services, and from the
point of view of this demonstration, make central grid electrification pro
hibitively expensive.
 

Tn approach to the village is through fields which are occasionallycovered by wild grasses (alfa, used in the production of paper in a factory
in Kasserine) but which otherwise are barren. Only at the point where a firstdistant view is had, through the buildings reflecting the strong sunliant,do 
the lands become cultivated, primarily in forage crops, especially cactus.
Agriculture becomes more intense as 
the village is approacned; dry cereal
production appears, then fruit and nut trees, and finally, with the apoearance
of the two wells providing irrigation, two plots of three and four hectares 
of truck garden vegetables.
 

The first application of renewable energy will 
be to provide water to
intensify the current agricultural yield, both by better watering of present
crops and by changing the cropping pattern to 
produce more valuable crops.
As will 
be discussed inmore detail below in the technology and economic
reviews, the expectation of the Ministry of Agriculture is that cereal yields
are better in other parts of Tunisia, and that irrigation should be used in the
interior to introduce new, more valuable, cropping patterns, especially in
certain truCK farming vegetables: beans, tomatoes, melons, and peppers.
 

To make tne agricultural policy a reallty inHasse El 
Frid, photovoltaic
panels will be placed in the fields to power small pumps for a few new wells.The ultimate ;roundwater potential of the plain is currently under investigation, but the proposed demonstration procect is small enough to fit within
the safe yield. 

As a water and energy conservation measure, young fruit trees will bewatered by a system which combines photovoltaic panels and drip irrigation.Evapotranspiration from the trees 
is greatly influenced by sunlight, and so
is the production of energy from the solar panels, thus facilitating an
equilibrium of supoly and demand.
 

In addition, tne Agricultural Ministry would like to encourage afterseason growing of vegetables through the use of greennouses. Passive solardesigns, with aczive assists, will be used to extend the growing season and
bring better nrices and availability for vegetables in the winter season.
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MA P I 
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There will also be an 0otion for an energy system to place the
existing potable water suppl3 
in more accessible and sanitary conditions.
Currently, water is brought from the well by animals over a slight rise to
the village center and homes about 300 meters distant. Covering the well
and pumping the water to a standpipe in the village can 
avoid contamination
and illness. 
 (This option will be given in the next design phase when the
process of final allocation or energy uses 
is completed.)
 

Also, when the commercial people were interviewed in the village,
they indicated that electricity was needed for lighting so 
that productivity
could increase both through extending the working day and through providing
power for machines. 
 The team was shown the foot treadle sewing machine that
the local tailor wanted to replace and the miller's defunct flour mill whose
gas engine was beyond repair. The local 
repairman especially needed light
at night so he could provide maintenance for machines when they were not in
use during the working day. The local 
health official noted that he had to
condemn perishable foods in the summer, thus indicating a need for refrigera
tion
 

In sum, the time spent reviewing projected needs in the commercial
sector indicated that solar energy applied to workshop lighting, small 
manufacturing machines, and refrigeration would bet'er prepare merchants to
service the weekly market and meet the daily needs of the villagers. Just
as economic performance would improve in the agricultural sector, the commercial sector also appears ready for expansion through the application of
renewable energy.
 

However, the team was warned by the du Cabinet Chef for the Minister ofIndustry, "ines and Energy that focussing entirely on direct economic product~ivityt' ould not suffice, for t-e pcpulation wouldcontribute zo leave the villages andurban congestion unless amenities were provided in the village
itself. -his demand for amenities was reoeated by the village
out proding, we leader. With asked for his jucceen: for priority useshe reques-ed lifgnting for homes; secod, he receazad the 
-f ene ,. First,
 

-'illacers'
demand
f-- comunt,3tions dvices, radios and telievision, and only third, did
for pumoing cower for wells. ne ask
This ordering was 
poignant testimory to
to apply renewable energy to the need
the caily life infrastructure that lay at 
the base
of economic productivity.
 

The tzam, therefore, set about designing a photovoltaic array that would
provide 150 watts of electricity for each :,f the 50 families, to 
be used
by them for Their oriority needs. In uture,rne wires will be toof individual run blocs
homes from a c,.mon bank o- hotov'obaic panels and energy 4ill
be orovicem fom storace 
atoeries z2' ;oroxit-"rs
a -ay.
 
These l-C'ividual 
uses of elec-ri---y ,ill not suffice to meet the public
nees an, in needs are not met 
in Duo icolaces, the escala-ion of individual cemancs could over-ax 
"he svste-, design. 
 The publicly availablepower scirces, asi-e fr e pre,-:us'., -enioned .iater suooly, will include
 

liz t 7:r :ne scrcol 
(,,:h c:era-es i:-tre even-r), lign:t for the socialinci=:ing -)ower 
.- set,
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infirmary. The infirmary will 
also benefit from solar space heating and
hot water for washing and patient care. Currently, the infirmary is often
too cold to treat patients adequately. Lastly, a small 
amount of refrigeration will be provided to store medicines. Fhese applications of el2ctricity
to education, health, and welfare can dramatically change village life and
make itmore attractive. 
While the team did not mention another application
for public purposes, 
 it did note a new mosque under construction and it is
likely that one day the minaret will be endowed with an appropriate technology
based lighting system.
 

It can 
be expected that all of these amenities will attract new population and escalated demands for power, raising the issue of the amounts of
energy to be provided. In discussions with the provincial governor and the
director of the Central Tunisia Development Authority the issue was resolved
 as follows: the A.D design criteria will be 
to meet current demands as described, with costs for that system to be met by grant funds. 
 Then, the proposed
design will be increased by 60 percent for future expansion, this portion to
be paid by the Tunisian provincial govornment funds.
 

Using the available sunlight and wind, through the medium of renewable
technology, Hasse El Frid will 
be the first so'ar and wind powered village
to demonstrate that rural economic development 
can proceed in the future, in
spite of the unavailability of fossil fuels. 
 The village demonstration will
show that rural life can improve both ineconomic productivity and basic
amenities. The demonstration will indicate technological feasibility, if not
economic feasibility under current limited volume manufacturing costs and
approaches to solar technology. Current costs of oil 
also make diesel-based
 power less expensive, but the important part of this demonstration is to
provide Tunisian decision makers with actual applications that show rural
economic development can continue, 
even after Tunisian oil reserves are depleted. 
 This fact is by no means evident to Tunisian leader-. In the early
eighties it will be possible to "visit" the future eighties by asking villagers
what life is like in
a renewable energy environment. Hasse El Frid will provide early knowledge to 
help plan for the next generation of economic de
velopment infrastructure.
 

OEVELOPMEN? SCIENCES INC. 



-14

3. Technology/Function Summary
 

The objective of the subproject is demonstration of thesolar and wind technology to perform work and 
ability of
 

necessary in a rural agricultural setting. 
supply the minimum services
 

types of solar and wino 
Table I shows the number andtechnologies selected for applications surroundingand in the village of Hasse El Frid.


layouts. The total 
See Figure 1 for general village
subproject will have components located in various Darts
of the valley study area. 
 Exact sites for the applications and thus detailed
design criteria can only be selected during the design phase of the project.
However, it is possible at this time to stipulate the nature and size of
each application and to estimate performance and costs. 
 The technology descriptions are presented in the order which was established in the section on
site description and the general order presented in Table I.
 

Eight separate types of technology applications have been selected and
in some cases more than one installation is planned. 
Viewed as a whole it
would seem to be more efficient and cost-effective to combine some of the
demonstrations into single components, 
 i.e. plan one centrally located
solar collector for the VlIdge public, commercial and residential applications. 
 However, the purpose of the subproject is to demonstrate various applications in rural settings <nd not a total 
system. By separating and keeping
separate the applications it will be easier to evaluate how the various uses
of energy are affected by and affect the technology applied. 
 It.is for this
reason that eight separate technology systems are planned.
 
Much of the data necessary to design the agricultural and village demonstration is useful for more than 
one application and is thus summarized and
presented prior to 
the description of the applications. Figure
presentation of solar radiation data by month 

2 is a 
at Kairouan, the closest meteorological station. 
 Table I summarizes -his daza3 presents a a'.nd for 

as design criteria. Figurerose Kairouan. -e ccntiruousat Kairouan was mneteorolo i al sttionchosen to representz the ','eatner at "asse Elfrom Tunisian metecrologists. Specific cata pert 
i-on advice 

renz for only one apolicationis present.ed in the section on that system. 
The sizing of each of the eight technology systemsinformation was deciced uponon the minimum amount usingof energy requiredaverage size of for a given t herarcn or home, the priorities estatlished in vilia;e andregion, tne cost and reliability of various technologies, etc. Thus :hesizing is only prel iminary and will be adjuszed oring design phaze of the 

,er ,ied during the engirneerproject.
deri ed ele:tr- : 

For ths reason, for example, thne four solart/ appT cations, nL-zer fou- in Thzle coulto t.hree or :,c lar7:r siz-e. 
, 'e c',nceaeemorsrt-ccm..-erciai1,-. 

irs -t is als, csib> trat te..... 7 ii Ta.e , ct:'d:eazusse,4mz-_ 
to p-ovid e:ec ic -,re soos -eCourse is f o" Ied, the s: 

sae -e or : ::-- eren't z s...costs, avaVacccli o 
,2o -o:1svsyem :ould :e -d .... d,.onaI 

-

cl e'ui -. an 7also ,ictate im roved 7-eorc a couc
cnanes in tne adolica-,-ns dtr th des.-,gn or-ae. 
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Table I 
Planned Technology Applications and Uses in Hasse El 
Frid
 

TNUiBER 
TECHNOLOGY OF 

APPLICATION INSTALLATIONS 

1. Wind driven (farm or 
aeromotor type windmill)
mechanical well pumping 

2 

2. Wind derived electricity 2
(2- 3 bladed horizontal 

_ 

3. Solar powered/regulated

drip irrigation (photo-

2 


voltaics) 


4. 	Solar derived electri-

city (photovoltaics) 

4 


----.
 __.._._lighting
 

5. 	Greenhouse with active 
 2 

solar hot air heating

and wind powered mechan-

ical well pumping
 

6. 	Solar derived (photo-

voltaics) electricalsystem for 0 iority 
p 	istes

public uses 

7. 	Solar derived (photo- 1 

voltaics) electrical 
system for village com-
mercial uses 

8. 	Solar derived (photo-
voltaics) electrical 
system for village 
residential uses 

LOCATION/USE OF ENERGY
 

1 -	 2 Hectare 
Farms outside village for
 
supplemental irrigation of
 
wheat or forage crops 

1 -	 3 Hectare 
Farms outside village for
 
supplemental irrigation and 
lighting
 

2 -	 3 Hectare 
Farm outside village for
 
new/young fruit trees
 

2 -	3 Hectare
 
Farm outside village for irri
gation of a range of crops and
 

Land near village and wells for
 
growing win'er vegetables and
 
protection against freezing
 

Heat, refrigeration, communication,
 

lighting and power ,or infirmary,
school, central village water

provision and party headquarters
 
Lighting, refrigeration, cooking

and mechanical power in village
 
center
 

Lichting, radio 

DEVELOPMENT SCIENCeS INC. 
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rigure 1
 

General Location Map of Village of Hasse El 
Frid
 

Agricultural and Open Lands
 
Approximately 50
 
Houses with rock wal2
 
and court yards
 

Mosque
 

© 

p~~LnImW[Tij
,.'b~Full-time shops and weekend market stalls .-


L_
 
Central
 
Plaza
 

Political 

Ii Party
Headquarters
 

Private wells with SchoolI I Infirmary and
6 Hp Hatz diesel SoClinic
 
engines used to
 
irrigate fields
 

.. Central drinking water
0 A, supply well (manual) 
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Figure 2 

1977 Solar Energy Measured at Kairouan in Langleys
 

700
 

0 6 

600
 

500
 

500 
 ANNUAL AVERAGE 472
 

a) C'.J
 

U.1) 
 400
 
\A% 

-) 
01
a)300U) 

U

200
 

CPONI--' 

JAN FEB MtAR APR MAY JUNE JULY AUG SEPT OCT 
 NOV .DEC
 

Source: 
 Bulletin Mensuel du Centre Regional de Rayonnement Sidi Bou Saidj Service de la
Meteorologie Nationale Tunisie
 



-18-

Table II 

Solar Radiation at Kairouan 

Month Radiation ' l 

January i 225 

693 8.1 

2.6 

The insolation value for Kairouan is 3150 hours per year which isapproximately 3.6 hours of sunligh: per day. 
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3.1 Technical Details of a Wind Driven Mechanical Well PumpingSystem for Forage and Wheat Irrigation
 
The efficiency of wind driven mechanical pumping of water for supplemental irrigation is defined by the micrometeorology of the site in which
the wind machine is located, the pumping head and the characteristics of the
water demand. 
 For example, obstructions within 150 meters of a wind tower
can dramatically affect the wind regime and alter the output of a
powered pump. wind
The minimum (rule of thumb) requirement for successful application of a wind driven (mechanical) pump isan average wind speed of greater
than 3 meters/second (optimally greater than 5 meters/second).
heads (dynamic) should also be less than 15 meters. 

Pumping
 
ditions If these minimum conare met at a site and the water demand is not too50 liters/minute), mechanical great (less thanwind driven irrigation is simple and feasible.For the above-described conditions, multibladed farm or aeromotor type wind
machines mounted on 
lO-meter towers 
can provide sufficient mechanical energy
to meet grain and forage crop supplemental irrigation needs in the project
area 
(see Table III). Figure 3 shows the wind regime at the closest andmost similar Tunisian meteorological station (.Kairouan). 
 The project site
is approximately 10 km further inland from the coast and 60 km further south
than Kairouan, but climatic and geological conditions are similar. Usinqtabulated data for 20,167 instantaneous observations
and direction at Kairouan taken at 6 a.m., 

(20 years) of velocity

12 noon, and 6 p.m. the numerical
average of all wind speed recordings was 
found to be 2.6 meters/second. This
calculated average is undoubtedly low because it does not include evening and
night measurements. Night winds are very common in this semi-arid region andthus the actual average wind velocity should be significantly higher.
collection effort has been initiated in this region by the National 

A data
 
-eteorological Service and at the time of project design much better site specific
wind data will 
be available.


velocity cubed Actual sizing o; windmills is a function of theand not the ave-age .ind 
average wind speed 

s eed, however, for ease of understandingis disPlayed anc discussed.
 

Under :he cond"zions describe.machine acoe, a multioladed farmon a lO-metaroe r ;.;n 3 to type ,iird 
expected to sup:ly up 

,'meter diameter blades could beto 1 liter/secono or 13 3m of water per day when tumDing for at leas- 12 hours. Based on
needed for grain shown 

the ,inx i,-um amount of sulpieent-i waterin Table III (600 -nl) and assuming a pumping rate of1 liter/secnd ard 12 hours/day of pumping, it wouldto supply the water necessary for 
take 14 days operation1 hectare of -rain. By adjust-nging patern and pnasing tne planting of grain, the 

the Plant
-iater need for couldbe spread out. a Tarm:n this 'aay, a wind powered p-inn sized aboveassupoly wa-ear fzr two hec-ares of gra-rn. could ;cssiblyEecalse,ae e-n 2 the desicn ass.nmct"3nsnsevt.,en vry it is anti :-a -nat -he,-ijre 4 w nd s's~ea sn,,,coal' serve ina-t leas 2 h a-ro
instai aticns of the 

es Ifnz. For this ttype describec in ,i-:ure 411i e prc icec near thevil ace. 

Z94
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Table III 

Traditional Supplemental Irrigation Water Requirements 
for 

Various Crops Grown in Central Tunisia
 
(Average M3/f1-onth,'Heczare) 

L CROP 
?onth J Fruit Trees Tomatoes* Grain 

January I  300 
February 
 400 


- 300 
March 
 400  300 
 600
 
Ao ri 1 500 
 400 
 600
 

May 300 
 900 _
 

June j 1,200 

July 1,500 . 

August 
 - 1,300
 

September 
 500 
 1,000 
 600
 
October 
 - 400 
 400
 
November 


1
.
 400
 

December 


TOTAL 
 2,100 
 7,000 
 3,200
 

Reference: 
 Tunisian Ministry of Agriculture Data and a 
Report titled,,,La
Culture de la Tomate", published by La Division de la Vulgarisation ed du
Recyclage, Ministry of Agriculture. 

An average for vegetables and truck gardening 
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Figure 4 

Sche, dtic Representation of Major Components
of the Wind Driven Mechanical Well Pumping
System for Forage and Wheat Irrigation 
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3.2 Technical Details of Wind Derived Electricity Generation Systems
for Well Pumping and Farm Electrification 

The preceding section on wind driven mechanical pumping contains 
a
general description of the wind regimes, g,-ourdwater concitions and generaldesign assumpticns for wind machine based systems. 
 Table IV is a surmmary
of these data and also includes information about the vind/lelectricity systems. 

Preliminary indications are that both of the applications of wind drivenelectrification should be a 2 or 3 bladed horizontal windmills (modern in
contrast to the farm type specified for the direct drive pumping). The final
decision as to whether to 
use the more efficient modern type windmills can
be made during the project design phase wheni better wind data is available.A system designed to supply 1 kw of electricity under optimum wind conditionswill provide sufficient power to
during the 

irrigaze a- least 2 hectares for wheat andmonths when supplemental irrigation is not necessary (see Table III),light-ing, communication, entertainment an' heating needs can be supplied.
Figure 5 is a schematic representation of the proposed system. 

OEVELOPMENT SCIENCES INC. 
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Table IV 

Summary of Site Specific Design Criteria

and Description of Major System Components
 

ITEM 
 VALUE 
 REMARKS
 

Average Wind 
velocity 

2.6 M/Sec 12 Hour average not 
including night winds 
which will increase 
average 

Total system < 12 M 
pumping head 

Electricity Uses Lighting - 150 watts - 4 hrs 
Communication - 70 watts -

Alternating curntnt 

Irrigation 
4 hrs 

- 0.4 hp/hectare
or 11 13 per 
two hectares 

Pump type and size 1 hp centrifugal 

Wind machine 
type and size 

3 blade 
3-4 meter diameter 
1000 watt capacity 

This is the largest 
size practical. 
Possibly a aeromotor 

Battery and 
Al.ernator 

20Kih battery s torage
and 1 K'Jalternazz^ 

type will be necessary 

Enough stor,-e for 
approxima:,.>, five day 
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Figure 5 

Schematic Representation of Major Components of
 
the Wind Powered Electrification System
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3.3 
Technical Details for a Photovoltaic Powered Drip Irrigation

System for Fruit Tree Irrigation in the Project Area
 

The proposed irrigation system combining photovoltaic powered pumping
and low evaporation irrigation (drip irrigation--see Figure 6) 
assumes
that the rate of water application 
to fruit or nut trees is regulated, among
other things, by the rate of evapotranspiration of the tree. 
 For similar
sized trees (same age and approximate leaf and root areas) this
be determined by the solar energy received by the trees. 
rate would
 

The power output
of a photovoltaic system is also regulated by the amount of solar energy
received. 
 Thus, the theory for this application indicates that when solar
radiation changes an appropriately designed photovoltaic powered pumping
system will change the supply of water to trees in direct proportion to water
need. 
 This systemin theory isPxpected to require the minimum amount ofirrigation water for proper fruit tree irrigation. Drip irrigation is especially efficient for newly planted and young fruit trees with small
systems. For mature trees with extensive root
 
cost-competitive. Table 

root coverage spray irrigation isV shows data comparing the efficiency of several
types of irrigation systems for young fruit trees. 

The two photovoltaic powered drip irrigation systems (PPDI)
demonstrated are to be
to serve three hectare orchards of newly planted fruit trees.
This is typical of the size of orchard expected to be developed in the
central Tunisian project area. 
 Data in Table III shows traditional water
use by month for irrigation of various crops. 
 This shows that for 1 hectare
the maximum requirement for supplemental irrigation would befor fruit trees. 500 M3 in AprilIt is expected that the PPDI System will actually require
only 33 to 50 percent as much irrigation as conventional irrigationTable V); (seehowever, the instantaneous rate of application at any one timemay be equivalent to that for traditional irrigation. Therefore. a pump
capable of supplying the average daily water needs for traditional irrigation
has been specified. The maximum pumoing raze 
for a three hectare fruit tree
orcnard is calculated as appro:xima-e:y 4 43/'hour.
 

The maximum expectec depth of water to be pumped in zhe project area is
between eight and 10 meters below ground level 
and the additional system
head including a filtration system is assumed at a maximum to be 3 meters.The system designed for 12 U head
variable speed 

and 4 M3 /hour flow will require a 0.33 hppump and 0.4 peak kil3watts of energy to run the pump. Usingthe data in Figure 6 and Table V, a: a maximum a solar ar-av of approximately 10 %12 
,Ill serve for tne system. The system will not inclde batteryregulation or storage. 
 The fluctuation of pcwer caused b/ variations in solar
energy will simulate the changes in evanotranspira:,on and su:cly waterneeded. ,Addjt oni ly, astre system ,z l requ re wata f i 1tr -,n to -nplugcifna by irsoluble soli:s D ev(send zar-rcles, e.c.) of t e holes in the plastic pipe t-nr-,--n wnich Water is :e ,,e-ed to trne fuit trees. Table VI contains daza ces-r-oing the prelim~nar- laycut of the fru: tree orchard. 
Tne acove system is in fact a icro-irrigation aplica:ion requiring atmosZ 0.33 hp :er 3 hectare orchad. F,:ure 5 summarizes the ?PI system 
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Figure 6

Schematic Representation of Major Components 
 of the Photovoltaic Powered Drip Irrigation System 
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Table V
 

A Comparison of Theoretical Efficiency of Various
 
Irrigation Systems
 

EXPECTED WATER USE FACTOR
 
FOR
SYSTEM 
 NEWLY PLANTED FRUIT TREES
 

Well managed drip irrigation
 

system 1.0
 

Average drip irrigation system 1.2
 

Well managed sprinkler system 1.3
 

Well managed traditional ditch
 
irrigation 
 1.5
 

Average sprinkler system 
 1.8
 

Average traditional ditch 
irrigation 
 2.9
 

Data developed from information supplied inpersonal communications with Mir. H. Gary Underhill, Vice President of Rain Bird,

Glendora, California (Rain Bird isa 
US commany manufacturing

and selling drip and sprinkler irrigation systems).
 

The factors listec inc-cate app-oimately how much water would
be required ,itn varl-us irtiga-ion ys/tms, chus traditional 
irrigation a-ill require approxi-ately 2.9 times as much as
 
well managed drip irri.ation.
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Table VI 

Drip Irrigation System Layout Per Hectare 

Plot Dimensions 
(eters) Tree Spacing 

Tubing
(Meters) 

100 by 100 16 - 100 meter 1600 
rows with 25trees per row 

DEVELOPMEN? SCIENCES INC. 
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showing size and function of the major components.
also expected to be applicable to vegetables planted 
This type of system is

in the normal growingseason and to winter vegetables grown in greenhouses.
nents of the PPDI The technical composystem include a first-year start of andemonstration. The demonstration orchard irrigationshould run for at least three years. 
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3.4 Technical Details of a Solar Photovoltaic Electrification 
System for Four Farms in the Study Area
 

The electricity uses and general design criteria developed for the windelectrification systems (see Table IV ) also apply to these photovoltaicapplications. Additionally the solar energy data in Table 
II and in Figure
2 ran be used to design the solar-photovoltaic electrification application
in the study area. 

The water pumping needs for this application include growing vegetablesand grain on four three-hectare farms. 
 As was indicated in the introduction,
the selection of system numbers and sizes was 
based on preliminary data and
it is expected that during the detailed engineering phase of the projectthese choices can be verified or changed. For this application it ispossible
that two larger systems rather than the four currently suggested will be
selected and designed. From Table 
III the maximum expected supplemental water
demand for a three-hectare farm with two hectares of grain and one hectare ofvegetables would be 2400 rM
3 in the month of September. This can be supplied
if the planting of grain in September is staggered such that the second hectare is planted 15 to 20 days after the first. 
 With this crop pattern a 1 hp
pump would be required to supply the water and approximately 1.4 kw of electrical capacity. Additionally 500 watts should be provided for additionaluses similar to those stipulated in the wind powered electrical system.major system components are approximately 30 t.12 
The 

of photovoltaic collector(2peak kw of electricity), 20 kwh of battery storage and an alternator.
Figure 7 is a schematic representation of the system.
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Figure 7 
Schematic Representation of Major Components of Photovoltaic Electrification for Farms 
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3.5 Technical Details of a 
System Comprised of a Greenhouse with
Supplemental Nighttime Heating by a Solar Hot Air System and
 
Irrigation by Wind Powered Pumping
 

The system to be applied in 
two sites in the study area includes a
greenhouse for winter vegetable cultivation with active solar hot air heating and heat storage. The heat storage will be provided tirough an underground excavation full 
of rocks to retain heat absorbed during the day and

through thermal convection to provide heat to the greenhouse at night. 
 For
this winter greenhouse application data concerning size of greenhouse, minimumexpected ambient temperature in the study area 
(OC), heat transfer coefficient
through greenhouse covering (very likely the 180 micron plastic available inTunisia), maximum wind velocity, minimum crop damage temperature (for tomatoes
this is 40C), and minimum expected so.lar radiation per 5 day period would be

requi red. 

The preliminary design includes a 7 Mwide x 21 M long x 3 M high greenhouse constructed of metal and wood framing and 180 micron plastic covering.
It may be necessary to use glass for the greenhouse covering; however, apreliminary evaluation of the available wind velocity data indicates that
wind over 17 M/sec are very rare.* Additionally, greenhouse cultivation ispracticed on the coast of Tunisia in a wind regime which is felt to be similar
to that in the project area and the coastal greenhouses are constructed using
180 micron plastic. 
If the location of the two greenhouses to be tested in
the study area is carefully selected to shelter them from direct wind impact,
plastic covering should withstand wind forces. 
 There is also a poss',bility ofhail damage to the plastic; and if hail is prevalent, glass would be required. 

The systems will be located in an 
area where the solar radiation averages
472 cal/cm /day (see Figure 2). 
 Irrigation water requirements for this

winter vegetable project are conservatively figured as 10 percent of the
requirements for 1 hectare of vegetables in the summar or using TableII!approximately 150 M3/month. 
 For this project a drip irrigation system of
similar size to the fruit orchard system could be used. 
However, because

the farm will have other crops during the summar a year-round water deman
will need to be satisfied. For this reason a wind driven mechanical pump;ng
system similar to that designed in Subproject 1 will be provided. Details of
 
the pumping system are found in Figure 5.
 

A solar thermal hot air collector and heat storage system will also be
required to warm the greenhouse during those periods at night when the ambient temperature drops below 40C. This system will include solar hot air
panels and an underground stone filled heat storage sink. 
The project assumes
a first year start and the demonstration running for at least three additional 
years. The final engineering design and materials selection process isscheduled to be completed during the first phase of the project. Figure 8is a schematic representation of the major p-oject component. 

This conclusion was arrived at by reviewing general wind velocity data

for a number of meteorological stations managed by the Tunisian 
National Meteorological Service.
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Figure 8 

Schematic Representation of Major Components of
System Containing Wind Powered Irrigation and a Greenhouse for
Winter Vegetable Cultivation with Supplemental Nighttime Heat
ing by a Solar Hot Air System
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3.6 Technical Details of a Solar Photovoltaic Electricity System for 
Priority Public Uses
 

The village of Hasse El Frid and surrounding area described elsewhere
is shown in Figure 1. The village has 3 principal components: (1)The

centrally located public buildings such as the school, infirmary and political
party headquarters, (2)the markez and commercial area and (3)the home area.
 
This subproject is designed to provide electricity for heat, light and power
 
to the public buildings.
 

The school requires lighting for classrooms anda kitchen meeting area,heating for cooking and electricity for a radio and television. The school

presently serves 200 children with 100 being served a noon meal. 
 The infirm
ary requires lighting and space heating for the examination room/laboratory,

hot water, refrigeration and some mechanical tools. It is assumed that space
heating for the infirmary will be provided by electricity; however, it is
also very possible to use a solar hot air system similar to the one specified

the the greenhouse. If this technology is in fact selected during the design
phase the costing will be adjusted downward somewhat. The party headquarters

could use lighting and electricity for a radio and television. Both could
 
serve a central community need for communications an' entertainment. Table VII
sunTnarizes the estimated needs and power requirements for a central system to 
serve each of the three priority public needs. 

The total energy requirements amount to approximately 1600 Kwh/year witha safety and growth factor; the system should be designed to supply 1700 Kwh/ 
year. The peak power demand per day is estimated to be 3.48 Kwh for the sys
tem use shown in Table VII and the local solar radiation data shown in Table II

and Figure 2. For this a 4.0 peak kilowatt solar array and 40 Kwi
battery storage was selected. This system should provide electricity 

of
for the


priority public uses and storage to cover a two-to-three-day period with less
than the design level of sunlight. Figure 9 is a schematic representation

of the system.
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Table VII
 

Estimated Electricity Use Factors for
Priority Public Uses in Hasse El Frid 

Power 
 Use Factor 
 Subtotal

Watts
Use Hrs per Week Watt Hrs/Week
 

School
 
I.ighting 800 
 10 
 8000
 
3 Rooms & kitchen
 

Heating for cooking 1000 10 
 10000
 
Other (radio, etc.) 200 
 5 
 1000
 

Subtotal 

19000
 

Infirmary
 
Lighting 
 180 
 5 
 900
 
Cold storage 80 50 
 4000
 
Heating 1000 3 
 ?000
 

7900
 

Party Headquarters
 

Lighting 
 120 20 
 2400
 
Radio/TV 100 
 15 
 1500
 

3900
 

TOTAL 
 3430 122 
 30,800/week
 

1601.6 '\wh/year
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Figure 9 
Schematic Representation of Major Components of
 

Photovoltaic Electrification for Priority Public Uses in Village
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3.7 Technical Details of a 
Solar Photovoltaic Electricity System

for Priority Conercial Uses 

The location map of Hasse El Frid (see Figure 1) defines an area ofthe village for full-time and weekend market commercial activity.
are narrow windowless rooms with only the open door admitting light. 
The shops
 

Flat
or window glass is not manufactured in Tunisia and thus only the school anda few other buildings in the village have windows. 
 Approximately 10 shops
are 
used during the week and on market days over 30 shops and numerous open
areas are occupied. Lighting would be limited to 4 hours each day in the
shops and other electrical uses would be controlled as is suggested in
Table VIII. The estimated minimum electricity needs for this area are shownin this table. 
 The data shows that with a growth/safety factor of 20 percent
a system of approximately 6.5 peak Kw is needed. 
 In order to provide electricity storage a 100 Kwh battery syste. is provided. A 6.5 peak Kw solar
array would require approximately 10 M of solar collectors. Figure 9 is
a schematic representation of the proposed system.
 

It is noted that one central water supply in the center of the market
area would benefit all of the residents of the town 
 A system composed
of either a solar or wind-driven pump at the present well 
(see Figure 1),
piping from the well, and a water storage and delivery system in the market
area is needed. 
 It is expected that this system will be considered during
the engineering design phase of the project. 
The water pumping could
require additional solar or wind capacity or a new application; however, it
is expected that this can 
only be decided upon at the time of the design.
The rest of the water supply system will be supplied by the Tunisian Govern
ment.
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Table VIII
 

Estimated Minimum Electricity Demands
 
From Priority Commercial Uses
 

Use 
 Power 
 Use Factor Subtotal.
Watts Hours/Week Kwh/Week
 

Full-time Shops 

* Tailor
Lights 
 120 40 
 4.8
Sewing machine 
 75 
 20 
 1.5
 

9Buther 
Lights
Refrigeration (0.3M33) 120 4080 4.8
168 
 12.8
 

@ Bakery

Lights 
 120 
 40 
 4.8
Grain mill 
 500 
 5 
 2.5
Oven 
 2000 
 15Refrigeration (0.3M3 ) 80 168 30.0

12.8 

# Market
 
Lights 
 120 
 40
Refrigeration (0.3M 168 

4.880 
 12.8
 

Weekly Market Uses
 
Central lighting 
 1000

Miscellaneous electricity 40 40.0


1000 
 10 
 10.0
 
TOTAL 
 5295 754 
 141.6
 

7363.2 Kwh/year
 

DEVELOPMENT SCIENCES INC. 



Figure 10 

Schematic Representation of Major Components of 
Photovoltaic Electrification for Priority Connercial Uses 
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3.8 	Technical Details of a Solar Photovoltaic Electricity System for

Priority Residential Uses
 

Hasse El 
Frid 	shown in Figure 2 has approximately 50 houses and anticipates 10 more within the next year. 
The houses have two or three rooms;
generally have no windows and have no running water or inside plumbing. 
 A
few houses have batteries for radios or televisions and lighting is by
kerosene lamps. 
 The principal use of electricity would be for lighting,
radios and in 
some 	cases cooking. 
The income of the village residents
is low and other electricial appliances will 
not be introduced rapidly.
The Tunisian National Power Agency (STEG)uses 
300 watts per household as a
planning number for villages. However, for a photovoltaic system, a figure
of 150 watts or one-half of the conventional amount is used.
 

This 	value was selected to 
keep 	the cost of the system as low as possible, and still allow some lighting and other power uses. 
 Also, because
of economic conditions in the village, the people will 
probably not be able
to afford much more electricity at the start. 
 It is expected that STEG
will 	establish a rate system and users will 
be required to pay for the
electricity they use. 
 Based on this the village of 60 houses could be served
by a 9 peak Kw system. Assuring 4 hours operation per day and 2 days reserve, the battery storage should amount to 70 Kwh. 
 Figure 10 is a schematic
representation of the proposed village residential electricity system.
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Figure 11 
Schematic Representation of Major Components of
 

Photovoltaic Electricity System for Household Uses
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4. Training
 

The introduction of this technology to Hasse El
training at the project level. Frid implies some
The training would take place beginning in
Month 8 of the project, and would principally involve the farmers using the
technologies in agricultural applications. 
 If at all feasible, farmers
should participate in the installation of the new energy sources on their
farms; this will give them a 
chance to achieve hands-on familiarity at an
early stage.
 

Agricultural use training will be divided into two stages. 
 The first
stage will be concerned with the techniques of inspection, cleaning, maintenance and adjustment techniques, for the photovoltaic power systems, pumps,
filters, irrigation tubing, and windmills. 
 This stage will last approximately six weeks, but will necessarily be staged according to the progress
of installation. 
 Beginning in the third week of this stage, the farmers will
have to 
learn to use the new energy sources in connection with the designated agricultural uses. 
 In fact, it is planned to 
have the Ministry of
Agriculture, working through the Central Tunisia Authority, begin to sensitize
the farmers to the agricultural changes which will have to be made as earlyas Month 3 of the subproject. 
Thus the second-stage training adverted to
above will be a summary and rainforcement of information already discussed
over a period of several months. The second stage will 
last six weeks.
With the overlap between the stages, total time for this training will be
two months.
 

Inaddition to the foregoing, special training will have to be offered
with regard to the battery storage system. 'Alocal technician will be
instructed by the assembly personnel in prevention of excessive current
drain to the system, and also how to.transfer storage load capacity from
one part of the total village system to another, to take advantage of available excess solar or wind generating power.
 

Conversations have been held with USAID Tunis about the possibility
of requesting a Peace Corps volunteer to provide low-level technical assistance in these training areas throughout the life of the project.
a In such
case, this PCV would have to be trained by the assembly technicians during
the start-up phase.
 

5. Evaluation
 

The agricultural applications subproject will 
be evaluated from the
economic, social, 
technical and political viewpoints.
 
The economic evaluation will have to be based on increases in productivity and farm income, as measured from baseline data gathered during the
design phase of the project. Because of tne brief time which the team was
able to spend actually at the site, itwas ,:o" possible to 
collect all the
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income and production figures needed, nor was 
it possible to select farms
which would participate in the subproject. Once data are established, Ministry of Agriculture personnel will keep records of the levels of inputs
(fertilizer, water, labor, etc.) and production of each of the crops. Market
prices and costs associated with marketing will also be determined, so as tofix the increase in farm income associdted with each technology's application

on a farm.
 

Commercial 
uses will likewise need baseline data. 
 This should be relatively easy to establish for food preservation and for machine repair. Ofparticular interest will be employment creation opportunities which may arise
from increased economic activity (including cottage industry), though this
is not a 
specific objective of the subproject. Biannual visits to the site
should be made by a project monitor, to collate the agricultural data, and
to gather the commercial data.
 

The social evaluation should measure the impact of the new technologieson the village. For this purpose, a rural sociologist should visit thevillage once each year, beginning with the period of i!,troduction of the newenergy sources, to conduct interviews with farmers, commercial persons, localofficials and citizens. It will be important to detect unfavorable aspectsof the technology introduction, particularly since certain persons will enjoydecided economic benefits as a result. It will also be useful to measure anyincrease in satisfaction of the inhabitants with their environment, afterelectricity is brought to the village.
 

Of special interest will be the changes wrought by different consumption
patterns imposed by the technological limitations of the new energy sources,
and also by limitations in capacity. 
Sowing and harvesting patterns will
have to be adjusted, and availability of electricity will 
be restricted to
the storage capacity of the system-aspects of electrification which would
not obtain under traditional energy sources.
 

The technical functioning and maintenance of the energy sources
distribution system (as well as associated equipment such as 
and
 

pumps) isof
major importance, and must be evaluated every six months. 
 It is certain
that some unanticipated problems will arise, with respect to maintenance,
spare parts, and malfunctions of one sort or another. 
Likewise, the reliability of the systems  in the sense of their utility under site climatological
and wind conditions and the demands for energy 
- must be included in the
evaluation. 

Finally, the reactions of the policymakers in Tunis to the project
must be sought as site-specific experience is gained. 
 The Ministries of
Energy and Agriculture will be in close touch with the project, as will
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the Central Tunisia Project managers. 
 It is to be hoped that their reactions
will be favorable, and that the subproject will 
indeed provide much practical
information on the problems and prospects of renewable energy in a rural 
development setting.
 

All 
results of the evaluations should be integrated into series of
followup reports, for the benefit of Tunisian and United States government
officials. 
 Results may be reported by the Government of Tunisia at a future
international energy conference; this would be one way of achieving wider
understanding of the uses of new forms of energy in developing countries.
 

6. Costs of Applications
 

The preparation of preliminary cost estimates for the eight technologyapplications required that 
a large number of assumptions concerning pricing,
availability and standard sizing of commercially available units. 
 These
assumptions, wherever 
possible, were 
factored into the application design
so 
that the components of each technology were selected to be sensitive to
costs and commercial availability. 
The major additional assumptions used in
calculating the cost of each application are shown in Table IX. Whereverpossible the most current FOB factory price of an element was 
used. The table
also contains one of the references which was lised to collect base unit .cost
data for each major component of an application.
 

The unit cost data in Table IX was 
used to estimate the total technology
application cost. This pre-engineering design cost estimate is summarized in
Table X. The level 
of detail provided in Table 
X may be misleading. All
estimates are 
rough and a more appropriate representation of the cost (based
on 
the preliminary nature of the design) would be one cost for each application.
However, because the estimate was 
developed by summing individual best estimates the su...,nary table contains this level of detail. In addition to the
technology costs 
for each application a contingency of approximately 10 percent has been included. This contingency will 
allow for cost increases, items
not included and changes in the nature or exoansions of one or more of the
applications. The estimate of shipping costs is based on 
a gross weight and
a 60 cents per pound surface and sea transport cost. The detailed desiqn of
 
all eight applications will 
require at least three person-months in the
United States and one person-month in Tunisia. 
 This design will also develop
specification for the equipment and bidding/purchase documents. 
 The operation and maintenance cost covers 
the salary and living cost for one fulltime person for one year (possibly a Peace Corps volunteer) trained in wind
and solar technology to monitor and maintain the systems.
 

There are a number of costs which are not covered in this estimate.
These items do not 
include metering and distribution of electricity, Erection,
foundation and supports 
for the components, wells, water distribution piping
and labor are also to be supplied by the Tunisian Government. During the
preliminary discussions with local, regional and national Tunisian governmentrepresentatives there was interest in the provision of growth capacity in the
system. It 
was suggested that the Tunisian Government might want to pay for
additional capacity over what AID would supply. 
 The cost for this and mechanisms which could be employed to facilitate this will be developed and discussed
during tne design phase of the project.
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Table IX 

hajor Assumptions for Cost Estimating
 

Item 

1. Windmill - (farm type) 

Tower 

Pump
WelIT 

2. 	Windmill - (electricity) 

Tower 

Alternator 


Battery 


3. Solar Drip Irrigation -

Photovoltaic 

Plastic Pipe 

Variable Speed Pump 

Water Filter System 


4. 	Solar Electricity
 
Photovoltaics 

Pump 

Batteries
Alternator 

5. 	Greenhouse & Wind 

Windmill - farm type 

Pump 

Greenhouse 

Solar (air) collectors 


6,7,8. Solar Photovoltaics 

Batteries 

Alternator 
Distribution 

Water 
Electricity 


*To be provided by lunisians as 


Price 	FOB USA 


$3000 

$1200 (10 N) 

$1000 (estimated)
--. 

"$3000/peak Kw** 

$1000 

$ 100/Kw 


$ 50/Kwh 

$10/peak watt 

33.3/meter 

$1000 

350 Dinars in Tunisia 


$10/peak watt 

$1000 

$50/Kwh
$1OO/Kw 

$3000 
$1000 


$ 	750 

I 	 $10/peak watt 
$50/Kwh 

$100/KwI - "* 

I 
I 	 --- _y 

part 	of their projects.
 

References
 

1: pg. 78, 81
 
1: pg. 79
 

1: pg. 69
 

2: pg. 6 - 12 
Estimated 
2: pg. 2-11
 

1: pg. 82
 

I 
2
 
3 

I 	 Estimated 
Tunisian cost 

2 
Estimated
 
l: pg. 822 

I 
1: pg. 78, 81
 
Estimated
 
Estimated
 
Estimated
 

2
 

* 

* 

*-Assuming approximately 3M' efficiency of the windmill at average site wind 
.speed the cost would be SI0,C00 per kw of useful energy. 

1. Policy Analysis Division, Brookhaven National Laboratory, Irrigation in Less 
Develooed Countries, Marcn 1977. 

2. Ar-:nur C. Little, Inc., Oistrbuted Enercy Systems, a report prepared for 
the U.S. Department of Energy, June 30, 1973.
 

3. See Table V for reference (Rain Bird). 	 DEVELOPMENT SCIENCES INC. 
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Table X 

Estimated Major Subproject Costs
 

COST 

FOB USA TOTALS 

$6000 
$2500 
$2000 
$2000 

$2000 

1 $15000 

$2000$1000$200 

$2000 
$2000 

$6000 

$34000 

$8000 

$2000 
$20%" 

$3500 

$2000 

$6000 

$24000 

APPLICATION 


I. Two wind driven 

pumping systems 

for farms 


2. Two wind driven 

electricity

systems for
farms 


3. Two solar 

powered drip

irrigation sys-
tems for farms 


_ _ _ 

ELEMENT 
 NUMBER 


Windmills 
 2 

Towers 
 2 

Pumps 2 

Spare parts 

& tools
 

Miscellaneous 
 -

components
 
_ 

Windmills 
 2 
Towers 
 2
Batteries -
Alternators 
 2 


Pumps 2

Miscellaneous 
 -

components

Spare parts 

& tools
 

Photovoltaic 
 2 

arrays


Pumps 2 
Water filtra- 2 

tion systems
Drip irrigation 
pipes


Miscellaneous 

components


Spare parts 

& tools 

-
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APPLICATION 


4. 	Four solar elec-

tric systems forfarms farmsy 

6. 	Two greenhouse 

solar heating 

and wind powered 

systems" 


6. 	Solar derived 


electricity for 
public uses 


7. 	Solar derived 

electricity for
commercial uses 
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Table X (continued)
 

Estimated Major Subproject Costs
 

COST
ELEMENT 	 NUMBER FOB USA 
 TOTALS
 

Photovoltaic 
 4 $80000
 
arr00
Batter-ies 	 . 4000 

Pumps 	 4 
 $4000
 
Alternators 
 4 $800 
Miscellaneous 
 - I $4000 

components
 
Spare parts 
 - $8000
 
& tools
 

S100000
 

Greenhouses* 
 2 $20000
 
Windmill systems 2 $15000
 
Solar hot air 4 
 $000
 

systems 
 $3000
 
Miscellaneous  $2000
 

components i
 
Spare parts 1 $3000
& tools 
 $
 

$43000
 

Photovoltaic 1 $40000 

array 

Batteries 
 -

$
$2000 I 

Alternator 
 1 $4000 I 
Miscellaneous 
 - $1000 I 

components

Spare parts - $4000
 
& tools
 

I$51000
 

Photovoltaic 
 1 $65000
 
array


Batteries 
 - S10000 
Alternator 
 1 $1000
 
Miscellaneous 
 - $2000
components
 
Spare parts - $6500
 
& tools $85000
 

OEVILOPMENT SCIENCES INC. 

J29 



--

-49-


Table X (continued)
 

Estimated Major Subproject Costs
 

APPLICATION 
 ELEMENT COST
NUMBER 
 FOB USA TOTALS
 

8. Solar derived, Photovoltaic 1 $90000
electricity for array
 
homes 
 Batteries 
 - I $3500

Alternator 
 1 $900Miscellaneous  $2000
 
components


Spare parts
& tools - $9000 ' 
S:$106000
 

Total Project" Contingency 
 $50000
 
Transportation to 
 Packing and ship-;
project site 
 ping to Tunis 
 $60000
 

Detailed engineering

design of project 

- 1$100000I Operation and main-
-

Cost for full-I
tenance 
 time persor** $70000
 
Evaluation 
 Monitor and 
 '
 

Sociologist, 

$20000
 

$758000
 

*Assumes glass greenhouses. If plastic can 
be used the costs will be less.
 
**The contingency is included to allow for increases in costs, items not


included and changes in
or expansion of applications.
 
***This assumes 
U.S. technologists on site for two months during start-up
 

and a trained Peace Corps volunteer on site for one year.
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7. Benefits Analysis
 

The benefits are differentiated 
by subproject, as are the costs. 
 Benefits also accrue from the total package as each integrated effort reinforces
the others; all 
gain strength from the Central 
Tunisian Project.
to this variety of sources In additionof benefits, there different typesSome include traditional benefits 
are of benefits.of increasing agricultural productivity.Other less tangible benefits 
are included in the information gained to assist
the transition ,uwayfrom fossil 
fuels. 
 Still others include the use of
energy issues a: 
the subject area 
from .hich a "mature" relationship is being
built with the government of Tunisia. 
This richness and complexity of anticipated benefits takes the analysis into a mix of quantitative and qualitative
issues.
 

The first set of benefits associated with introduction of renewable
energy technologies occurs with Subproject 1 in the village of Hasse El
both as Frid
a village site, and by extension to other rural 
areas where irrigation takes place far from electrification or where future diesel consumption
will be limited by import restrictions. 
 For the village itself, the benefits
have already been described in general. 
 The amenities that make life and
work in the village rewarding to the inhabitants include a broad range of
activities. 
 We cannot in the time allotted for this effort quantify the
increased income 
to tne farmer who will 
be able to sell vegetables in the
winter months. 
 Nor can we conceptually satjsfactorily quantify the improvement of patient care in a heated infirmary. 6) We can, however, approximate
the increased yield per hectare for agriculture that benefits from irrigation
and consequent crop changes, both in the village and as 
a demonstration for
other villages.
 

Hasse El 
Frid is in Central Tunisia and is part of the general 
area
where cropping patterns are slated to change in the direction of irrigated
cultivation of better forage and new fruit and vegetable production. Since
previous extensive analysis of this reCion has already been accomolished,
it is 7)not necessary to change assumptions ,n which the Cen-ral 
Tunisian Project is based. Furthermore, the few wells introduced as 
part of an energy
demonstration do not themselves constitute a disruption of agricultural and
marketing patterns anticipated in the Central 
Tunisian Project. A similar
pattern of costs and benefits is therefore applicable.
 

6. We can, to some degree, compare costs of achieving similar benefits.
This will be done below.
 

7. Acricul:ural evelopment in Central 
Tunisia (U.S. Agency for international 
Development Contract AI,/afr-c-l129, July 1973).An Assessment of te Ari:ulturaiP 
tential :f Central Tunisia (U.S.
Agency for internacional Develcpmenz, Contract AIO/afr-c-130, April 1978).
Small Holder Trrication Develocment (U.S. Agency for international
Development, Project Number 66'-0312.3).
irrication : F4rtirde Puits de Surface (Reoublique Tunisienne, Secretariatd'Etat au Plan et a L" conome 'atcnale .
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Based on data from the Central Tunisia Project, the increases in yield
by irrigation and changes in cropping patterns similar to those projected for
Hasse El Frid are on 
the order of a nine-fold increase in farm family income.(8 )
Put soley in terms of increased yield of quintals of barley and wheat from
irrig-ation, projections for improvements in tne Central Tunisia Project area
are on 
the order of 100 percent improvement in three years, with individual
farmers improving their yields 400 percent or more.(9D 
 The Tunisian government
projections for a program of irrigation and cropping changes 
on 4,460 hectares
to the north of this 
 egion also promise approximately a nine- to ten-fold
increase in income.lO) Consistent with this 
order of improvement is Tunisian
government analysis of costs 
of production increases in the private sector
when changing cropping patterns from wheat to 
vegetables. 
 These increases
in coLt range from 10 to 13 fold increases and presumably would not be undertaken by private sector investors unless there was an 
appropriate return.(ll)
The most recent pource which indicates substantial 
return on irrigation and
crop swi yjng projects an internal 
rate of return on surface wells of 39
 
percent.
 

In sum, macro data from several sources 
indicate a satisfactory economic
return from investment in irrigation in Central Tunisia which is used to
increase the yield of present crops and to introduce new crops
The characteristics of Hasse El 
to the region.


Frid do not vary greatly from this norm and
since the objective of the subproject is to demonstrate the utility of solar
energy, not add further to the rationale of the agricultural changes projected
for Central Tunisia, the economic benefits of adding a few wells does not
really constitute the justification for the project. 
An acceptable increase
in agricultural productivity will 
occur, but that benefit does not justify
the costs 
of $ 750,000 projected for the subproject budget.
 

Included in that budget are 
costs of early introduction of the technology
before its marketplace justifications; training, evaluation and administrative
personnel for national demonstration purposes in excess of site needs; back-up
technical 
assistance and spare parts due to the innovative nature of the
Subproject, and the remoteness and scale of the site which was 
picked to
avoid conf~l.its with close-by electricity rather than 
for agricultural productivity.U ) The next step of analysis to be accomplished in an enqineerina
 

8. 
 An Assessment of the Agricultural Potential of Central Tunisia, op. cit.,
 
p. 90.


9. Agricultural Development in Central Tunisia, op. cit., 
pp. 75 - 76.
 
10. Irrioation a Partir de Puits de Surface, op. cit.
 
11. 
 See Tables in Appendix A developed by the Ministry of Agriculture.
 
12. 
 Small Holder Irrigation Development, op. cit.
 

13. 
 An alternative site visited by the team in Sers where the availability
of grourndwater and major agricultural expansion were more certain was
rejected because (1) electrification was close by; (2) it
was out of
the Central 
Tunisian administrative structure; and (3) the farming was
done in dispersed individual farms and did not provide the opportunity
to demonstrate village uses 
of renewable energy.
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study wil 
reveal more precise costs, but there is no way that the agricultural productivity can suffice to justify the project. 
 The benefits lie in
meeting the additional objectives of the subproject.
 

Similarly, the technology selected to accomplish pumping, lighting,
heating, and cooling is not the least cost for those functions. Centralelectrification and/or diesel power could serve this village with more powerand economically more competitively. But the alternative energy objectives
of the project would not be met by these 
 sources so their use is irrelevant.
 

It is,however, not irrelevant to know what the margin of difference of
costs are at today's prices, 
if only to let us 
know that we are consciously
subsidizing renewable energy for policy purposes. 
 The cost of a ciesel pump
is T0800 ($1,900), fuel and 1lbicants are estimated to be TD70 ($175) and
annual maintenance TD ($190).W 
 The national 
cost of fuel and lubricants is
underreported for the subsidized 
' 

cost to the farmer is reported to beone-quarrr of the export price Tunisia can for its oil theget on worldmarket.Lr There is
an energy pricing policy to gradually remove this subsidy to more 
closely keep up with the inflation of world oil prices. Indeed,
in the last five years, from 1975 to 1979, diesel 
fuel prices increased by
47 percent. If we conservatively assume a similar rate of increase in
the next ten years of life of the diesel 
pump, the cost to the farmer will
approximately double by the end of the decade. 
 This assumption still
underreports the national cost of diesel oil 
for Tunisians will probably
have still higher opportunity costs for oil exports in the future. 
 Nonetheless a low annualized price for a diesel pump for shallow well 
use can
be estimated at:
 

10-Year Cost 
 Annual Cost
 
Capital Cost-Pump $1,900 $190

Operating Cost - 10 Years 2,789
Maintenance Cost 279
1,900 190
 

TOTAL 
 $6,589 $659
 

This cost compares with the photovoltaic pump anticipated in comparable
application at the four solar electric farm/systems at approximately $25,000
for a ten-year cost (Table X ). The comparison is not entirely accurate for
the projected farm application includes some electrification. If a generator
were added to the diesel 
to make the services more comparable, the diesel
price mignt double. 
 At that price the photovoitaic pump/generator would still
be '.ie
that of the diesel. 
 Thus, to provide early information about the
uZil- of solar ,ene-i/
for vi1lage agr-cul:ural de'elocment, the suboroect
is orcbably paying azout 
 ,wicethe price of ordi.nary ano more proven technology. 

14. 
 Small Holder Irrization Develoorpent, op. cit., p. 1).
 
15. 
 This figure was mentioned orally by several energy officials in the
 

;overnment.
 

16. See table in Appendix 3.
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This ratio of twice the price for early experience constitutes the economic issue of the subproject. If such projects were delayed several years
until the price of photovoltaics drops to the expected low of $1.00 a peak
watt, then the project would have a simple economic justification. The
policy issue iswhether the additional 
cost today is worth the information
 
gained.
 

The subproject cost differential is actually only grossly estimated
here. 
3ince a grant is anticipated, the cost of finance is not included.
Since the Tunisian estimates of bringing residential and commercial 
electricity to Hasse El 
Frid and the neighboring area vary between $400,000 and
$500,000 capital costs, we do not have accurate enough information to make
a full comparison. 
 inany case, central electrification would bring twice
the capacity and perhaps increased reliability 
so that simple cost comparido not account for differences in level
sons of service. The Tunisian
capital cost estimate of $400,000 to 
$500,000 cannot be accurately compared
to the $242,000 for the public, commercial, and residential ten-year cost
(Table X). While the prohibitive cost of extending a line favors photovoltaic application, at some point a 
village scale diesel generator could be
considered and that .iould no doubt compete successfully at today's prices

with photovoltaic sources.
 

The issue is consistently one of paying now to find out how renewable
energy can assist the path of development. 
The Tunisian situation is such
that a good test can 
be found at this site and the team recommends that the
additional price be paid to achieve early experience and knowledge about
technical, economic, and social parameters that have major significance for
developing countries in the future.
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B. Subproject 2 - Energy from Municipal Waste
 

1. General Objectives and Expectations
 

In the initial DSI team visit to Tunisia (AID-DSAN-C-0059) One of the
principal findings was that there was a need for experience with evaluating
and comparinq alternative energy technologies and applications. The training
in Subproject 3 will satisfy some of this need, however, actual experiencein performing a tradeoff or cost benefit analysis is also necessary. 
 In order
to provide this, the DSI 
team identified problems and ongoing or about-to-start
feasibility studies. 
 The most appropriate subject identified was 
the ongoing
study by the Tunis Municipal District conerning solid waste management in Tunis.
 

The general objective of this subproject is to assist the Ministry of
Industry, Mines and Energy is developing a capability to perform tradeoff
or cost benefit analysis for projects involving or considering alternative
 energy technologies and resources. 
 The 	major expectations are that:
 

1) A portion of the ongoing municipal waste management stuly being

conducted by the Tunis Municipal District can 
serve as the subject

for a cost benefit analysis involving energy technologies and
 
resources.
 

2) 	The study process will include at least two tasks in which a team
from the Ministry of Industry, Mines and Energy can participate.
 

a. Identification and evaluation of ways of solving Tunis'

solid waste problems through application of energy tech
nologies or through energy-related resources.
 

b. 	Comparison of thege solutions with others proposed and
 
studied by the Municipal District team.
 

3) 	The participation of the ministry team in the Tunis municipal
waste study will 
start to build the capability for conducting al
ternative energy cost-benefit or tradeoff analyses.
 

2. 	The Subject of the Analysis
 

At the present the Tunis Municipal District is conducting a study of
Tunis' municipal waste. 
The 	first part of the study covers residential
waste. 
The feasibility study ("Etude pour la Realisation des Installations
Necessaires a 1'Elimination des Ordures Menageres de la Regionale Tunis")indicates that additional sites and improve: techniques for landfill shouldbe adocted. Additicnally, a pilot szuay to test garbage compos-ing and 
its
use 	on agricultural lands 
near Tunis is about to start. This study, pcssily
to be 71nance in large part by a Ior,: San< Urcan Project loan, should demonstrate the trechni cal and econcmic feasiDlity of this approach for Tunis. 

17. Tunisia Energy Study: A Cooperative Program in Alternative Energy Re
sources and Technologies, Oct. 197.
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While residential waste disposal techniques are under consideration,
solutions for commercial and industrial wastes are not yet under study.
broad comparative look at paper, waste oil, 
A
 

other combustible materials,
organics for biogass, etc., major components of Tunis' wastes, has not been
initiated. Additionally, nonenergy related solutions have not been considered
in detail 
nor compared with these involving energy creation or recovery. 
As
a result of preliminary discussions with Mr. Kariem Fathi, an Engineer withthe Tunis Municipal District and Mr. Houssef Bahri, Principal Engineer ofthe Ministry of Industry, Mines and Energy, agreement has been reached to
cooperate on a joint study. 
The commercial and industrial wastes of Tunis
will serve as the subject matter. 
This energy related study is a part of the
package designed during the earlier DSI 
team visit and contributes directly
to 	providing some of the types of assistance defined as necessary in the
earlier study]' 
The site of the study is Tunis and thus a companion and balancing urban energy emphasis is added to the rural energy focus in Subproject 1. The study is principally directed towards developing a 
capability to
study and compare alternative energy approaches and thus is is a 
companion
and balancing training initiative. Finally, the subproject should improve
the chances of selecting the optimum solution for Tunis' municipal waste problems.
 

3. Subproject Function Summary 
The Energy From Municipal Waste subproject will involve the provision
of funds for experts or a consulting firm to work with the Tunisians on
 

the following items:
 

* 
Design an overall and integrated study program covering residential,

commercial and industrial wastes.
 

s 	Identify the components of that program in which energy resources or
technology are covered. 

o 	Help form a Ministry of Industry, Mines and Energy study team (MIMES
team) to work cooperatively with this Municipal 
District team.
 
# 	Prepare detailed work plans including cost and timing for the study
tasks emphasizing those which will be performed by the MIMES team.
 
* 	Work as 
a part of the MIMES team in performing the tasks assigned


to them.
 

* 
Work to develop standardized procedures which can be used in other
 energy technology/resource cost benefit studies.
 

e 	 At the completion of the HIIMES team work present a one-day seminar summarizing the processes and procedures developed during the subproject.
 

The study should be composed of at 
least three tasks. The first task will
involve identification and evaluation of ways of solving Tunis' solid waste
problems through application of energy technologies or through energy related
 

18. op.cit. 
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resources. 
The second task will involve a tradeoff or cost benefit analysis
comparing these solutions and those developed by the Tunis Municipal District.

The third task will involve a seminar at the end of the project. At this
time it isdifficult to be more specific than this and more detail will be

developed during the design of the overall 
study.
 

4. Evaluation
 

The Energy From Municipal Waste subproject will be evaluated from two

viewpoints. 
 The first and most important evaluation criterion will be

whether the process builds understanding of and capability in analyzing

altern3tive energy resources and technologies. Success in'meeting this

criterion can only be indirectly measured. The indirect measure will be
AID's, the World Bank's and the Tunisians' fee'ing of the value of the subproject after it has been completed. This feeling will be assessed through
 
a written evaluation form.
 

The second criterion will be whether procedural or organizational changes
are initiated in the Ministry of Industry, Mines and Energy as a result of
this subproject. It is likely that an assessment of this criterion will only

be possible several months after the subproject is completed.
 

5. Costs of the Subproject
 

The subproject will include the provision of specialists or a United

States consulting firm. It is estimated that the first task will require 3.5
 person months of effort from United States consultants. This effort in conjunction with efforts of the Ministry team should complete the identification
 
and analysis of energy related solutions to the commTrercial and industrial
 
waste problems in Tunis.
 

The second and third tasks are budgeted for 4.5 person months of United
States consulting effort. Work in these tasks will 
include a comparative

c';st benefit analysis of all identified solutions, as well 
as development of
standardized procedures for future tradeoff analyses. 
 The third task will

include a one-day training seminar to begin the institutionalization of the
standardized procedures. 
 Table XI contains a summary of the estimated costs
 
for this subproject.
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Table XI 
Cost Estimate for Energy from Municipal Waste Subproject 

Item 


1. Preparation of scope 

of work
 
Travel 


Per Diem 


2. Solution identifica-


tion & analyses
 
Travel 


Per Diem 


3. Tradeoff analyses 


Travel 


Per Diem 


4. Training & standard 


procedures preparation 

5. Contingency 


6. Total 


Number 


15 person days 


I air & local 


15 days 


70 person days 


Air and surface 


100 days . 

70 person days 

Air and surface 

100 days 

20 person days 


Unit Costs Total 

$400/day $ 6,000 

1,000 
$60/day 900 

$400/day 28,000 

_ 1,000 
$60/day 6,000 

$400/day 28,000 

- 1,000 
$60/day 6,000 

$400/day 8,000 

10,O00 

98,000 
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C. Training in Alternative Energy Applications
 

1. Background
 

There ismuch interest in alternative, renewable energy sources in
Tunisia, on the part of both policy makers, and second echelon technical
personnel. 
 This interest is found within the Ministry of Industry, Mines andEnergy, the Ministry of Agriculture (Direction de la Production Vegetale);the Centre de Recherche du Genie Rurale; Societe Tunisienne de l'Electricite
et du Gas 
(STEG); Ecole Nationale d'Ingenieurs de Tunis (ENIT); and Entreprise Tunisienne d'Activite Petroliere (ETAP). 
 It is not, however, informed
by a realistic appreciation and understanding of the technologies involved,
their economics, and their practical application. Much of the information
has been acquired informally by Tunisian officials attending various internatinal conferences. Since generally only rather senior persons are able
to attend such conferences, information tends to be concentrated at the
top; there is little trickle down of information; and informatior may often 
be incomplete.
 

On the other hand, Tunisia possesses a cadre of engineers who areextremely well trained in traditional energy sources, and a growing number innuclear technology. The Ministry of Agriculture has a number of able personswith background in hydrology, agronomy and agricultural economy. There isthus a basic stratum of technical and scientific ability which could easily
absorb knowledge about renewable energy.
 

Tunisia officials discussed with the team the idea of a training course
in renewable energy. It is widely known within the economic ministries thatTunisia's fossil fuel reserves will start declining within a decade; it is
also felt that though nuclear energy is considered too expensive for Tunisia,
and presents unknown hazards, nuclear is perhaps unavoidable. Renewableenergy is looked upon as 
a partial solution to 
the energy dilemma, and it is
felt trlat more understanding of it is needed. 

2. Needs Analysis 

The team feels that the need for training in renewable energy exists attwo distinct levels. 
 At the policy-maker level, there is a need to developan appreciation of what renewable energy can contribute to Tunisia's futureenergy needs, as well as an understanding of present and projectedAt the technician level, tnere costs.is a need to educate young engineers,mists, and various development officials with a 
econo

fairly ccmplete understandingof tne tachnologies, their costs, aPplications and manufacture. There is
also a need at this level to furnish access to 
international 
sources of
kncwhow, so ' canthat Tunisia remaintel~os. Tsa abreast of the state Of the art in eachteam foun zhhe W-1i
technology. ecThe team found that wle young engineers were familiar withpub!ica-icns, institutes and 
was 

sources f r traditional and nuclear technology,there little or no similar kncwlecge for alternative energy. 
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3. 	Training Courses
 

Renewable Energy and Energy Policy
 
This course would be in the nature of a one-day seminar for about 12
of the most senior energy policymakers. The seminar would be held outside
Tunis, so that the participants would be free from distractions to the maximum
extent possible. 
 The objectives of this seminar would be-twofold:
 
1i 
 to create an awareness of renewable energy and its applications;
2 
to stimulate the inclusion of renewable energy in development
planning and to solicit immediately ideas 
on its application to
Tunisian energy needs.
 

Invited to participate in the seminar would be six or seven officials
from the Ministry of Industry, Mines and Energy at the Deputy Director level
or higher; 
two or three from the Ministry of Agriculture; and two each from
the 	Ministry of Planning, STEG, and ENIT.
 

The 	seminar leader would be an 
expert in renewable energy technology
from the United States, and in addition there would be one other American,
an expert in energy planning. 
Balancing the foreigners would be two Tunisian
participants, who would present brief papers. 
 The 	general content of the
seminar will be as 
follows:
 

A. 	Review of Tunisia's Energy Future
 
1) Demand by Sector
 
2) Supply (Fossil and Hydro)
 

a) Sources
 
b) Prices
 

3) Supply (Nuclear)
 
a) Sizing
 
b) Cost
 
c) Timing
 
d) Safety
 

B. Alternative Renewable Energy Sources--Technology, Costs
 
I) Solar Thermal
 
2) Photovoltaic
 
3) Biomas
4) Wind
 
5) Geothermal
 
6) Energy Generation from Waste
 

C) 	Applications of Alternative Energy in Tunisia
 
1) Present Applications
 
2) Twenty-year Horizon
 
3) Planning a 
Phase-in of Alternative Energy
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The format would consist of four presentations (energy future, nuclear,alternative energy, and applications), followed by division of the group
into three syndicates, each meeting to work on an alternative energy question.
Finally, the rapporteur for each syndicate will report on the syndicate'sconclusions, and a general summary will close the seminar.
 

Renewable Energy Technologies and Applications
 

The second training course will take place initially in Tunis, over a
ten-day period, meeting three hours per afternoon, five days per week.
demonstrations will take place in Central Tunisia over a final two-day period.
There will be about twenty-five participants in the course, tentatively divided among agencies and ministries as 


Field
 

follows: 

Ministry of Mines, Industry, and Energy
Societe Tunisienne de l'Electricite et du GazMinistry of the Plan 
Ministry of Agriculture
ENIT 

5 
3 
2 
4 

Centre de Rechereches de la Genie RuraleDistrict de Tunis 
4 
3 

ETAP 2 
2 

1) Training Objectives 

The objectives of this course are first, to provideknowledge of six alternative energy sources which appear 
a broad 
to have 

technical 
a luturein Tunisia (biomass, solar thermal, photovoltaic, wind, firewood, waste);
second, to illustrate through use 
of Tunisian data how such energy systems
are designed and costed; third, to 
transmit an understanding of and appreciation for the multiple end uses 
to which such technologies 
can be put.
 

2) Methodology
 

The methodology used will be a mixture of traditional lectures on thetecnnologies, using multimedia teaching aids (slides, video, alternative
energy demonstration equipment, films); and workshops, designing and costing
systems using Tunisian data. 

tnree hours per day. 

This phase will last eight teaching days, 
at
Itwill

nology applications, at 

be followed by a field demonstration of techthe site of the agricultural project described elsewhere in this paper. Course faculty willwill be the two American Experts whohave participated in the serminar on Renewable Energy and Energy Policy.

One of the features of this coursefurnished extensiie technical 

is that each :artici:ant will bedocumentatcn orincludng, where ne various zechnologies,appropriate, manufacturers'and descriptive material brochures an- specifications,on testing andlist of bibliographies and 
applica-ions of technologies. Aof American ins-itutionscovernment and university aidprograms dealing with alternazive ener&Y tecnologes will also 
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be furnished. 
 Providing such information to each participant is done to
bridge what is perceived by the team as a considerable gap in literature
and sources of information within Tunisia. 
 Engineers, managers, and scientists will be able to subscribe to journals, obtain books, and correspond
with persons in the United States who are working in renewable energy fields.
 

3) Content
 

For each technology the following content will be provided:
 

a) Theoretical Basis
 
b) Materials
 
c) Design Elements
 
d) Actual Performance Standards

e) Current Availability: Sources and Prices
f) System Design Applications and Engineering
g) Current Applications and Problems
h) Research; Future of the Technology
 

Where feasible hardware or working models will be available on display,
in addition to the field applications which will be visited at the end of
the course.
 

4. Evaluation
 

Evaluation will be done in 
two phases.
 
a) Short-term Evaluation. Each participant will be asked to reply to
several questions on a 
survey form, prior to taking the course. These
questions will attempt to elicit attitudes toward and understanding of nonnuclear alternative energy sources 
for Tunisia. A follow-up survey will be
made on the last day of the course, following the conclusion of the field
demonstrations. 
 Attitudinal changes will 
be measured, as 
will participants'
increased understanding of the promise and problems of alternative energy
sources. 
 The follow-up survey will also seek anonymous
isms comments and criticof the course itself: preparation and expertise of the trainers, usefulness of materials furnished, organization, etc.
 
b) Long-term Evaluation. 
 Each participant will
one year following the date of the course. 

be contacted by letter
An attempt will be made, via
questionnaire, to determine whether the participant is involved to any
greater extent than previously with alternative energy. Position indicationswould be regular reading of technical 
journals, research performed, projects
designed and submitted for funding, etc.
 

5. Desalinization
 

The team was 
repeatedly asked about the application of solar energy to
large-scale desalinization projects. 
 The interest in this centers on the
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Gabes-Medenine-Ben Gardane coastal strip, and the
ized water is irrigation. use envisaged for desalin-
The team shared with the interested Tunisian
officials it; belief that the solar technology for large-scale production is
largely experimental and that it is and will remain for the foreseeable
future too costly. Furthermore, the team raised the question of the desirability of concentrating more population and cultivation in this area, rather
than dispersing growth to central Tunisia, for example.
 
Despite this, Tunisian interest remains undampened, and the team concluded that it would be desirable to send a specialist to Tunisia to meet
with officials from the Ministry of Industry, Mines and Energy; the Ministry
of Agriculture; and ENIT. 
This specialist should describe the large desalinization programs

should visit the 
which are currently in operationarea or in the design stage;with Agriculture officials, and judge heproject which would be required, and provide a very 

the scope of therough cost estimate. 
The total time in Tunisia of the specialist would be five days. 
6. Fellowships
 
The team believes that three Tunisians should receive in-depth training
in alternative energy technologies in the United States,
local resource base which can be drawn upon in future years. 


so as to form a
should be about four months' duration, including a 
Such training


month spent visiting manu-.
facturers' sites, and institutions other than the training location.
 
Training fellowships should be given to one person from each of the
following: 
 Ministry of Industry, Mines and Energy; ENIT; and STEG.
 
The University of Florida at Gainsville is considering setting up an


energy training program which could accept the Tunisian trainees; Brookhaven
is another feasible location. 
 The conduct of training will include the
physical theory upon which the technologies 
are based; manufacturing methods
and materials; systems design; applications of technologies to development;
and other subproject 
areas. 
Itwill be possible to provide excellent training inperiod, if the trainees possess an a three-monthengineering background and speak English.
Ideally, trainees would be recent recruits to
tions, and would be nominated the staffs of the three institufor a major role in alternative energy. This isunderway, 

clearly possible in STEG, where planning for future energy provision is well
and where an informal nucleusenergy sources already exists. 
of young engineers interested in newwhere the interest of the 

Itis likewise possible within the Ministry,Cnef du Cabirez -,ould beof an al:ernative energy translated into formalizationrole. Within 1.'T,could Play an a knowledgabie facultyimpcrtant consultlnc roie :; memberthe !e:ar-,ent de la iarious govermmen departments (e.g.in time, and as 
Producion Veet e wihin the Ministry of Agriculture);al:ernative energy 
 ,egins
find wider application within
Tunisia, the ENIT curriculum 

to 
coua reflect tis in its courses. 
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Table XII
 
Cost Estimate for Training
 

A. Overseas Training 

1) Renewable Energy and Energy Policy 

2 persons x 2 days @ $400/day $ 1,600 

Maintenance, 4 days @ $70 300 

$1,900
 
2) Renewable Energy Technologies and
 

Applications
 

Course and materials preparation

3 persons x 15 days @ $400/day $13,500

On-site management

I person x 20 days @ $310/day 6,000

Travel time, 4 person-days @ $400/day 
 1,600
 

Course teaching and field work
2 persons x 10 days @ $400/day 8,000
 

Report writing

1 person x 2 days @ $400/day 800
 

Maintenance, 40 days @ $70/day 
 2,800
 

$32,200
 

3) Desalinization
 

I person x 5 days @ $400/day $ 2,000
 
Travel time, 2 person-days @$400/day 
 800
 
Maintenance, 5 days @.$70/day 
 350
 

$ 3,150 
4) Miscellaneous Costs (meals of partici

pants, rental of projectors, printing,

etc.) 


$ 5,000
 

$ 5,000
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5) 	International Transportation
 

3 round trips U.S.-Tunisia @ $1,000 4,000
 

4,000
 

TOTAL OVERSEAS TRAINING ... ............... . $ 46,250
 

B. 	In-United States Training
 

3 Fellowships x 4 months @ $2,500/month 30,000
 

$30,000
 

TOTAL TRAINING ..... .................. $ 76,250
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D. Relations Among Subprojects 

1. The Value of Integration
 
The three subprojects are each independently designed and can be funded
and timed with some flexibility. 
 However, they can be mutually reinforcing
and economies can be achieved through sharing personnel and building onexperience. 
Therefore it is recommended that all 
three be funded and inte

grated.
 

The village agricultural subproject (1)is the centerpiece and provides
experience with an array of technologies that would make the training project
(3)more productive by providing experts and experience. If the training
subproject uses the village as 
an example, the workshops will take on a
greater realism. There are arguments to be made to have the training proceedbefore the introduction of technologies so that the impact of change will be
more dramatic. The converse is also plausible for "hands on" experience isvaluable after the technologies arrive. Since it may be two or more years
before sufficient operating experience is available, the recommendation is
not to delay the training longer than required to install tne technologies,and to use them in the training workshops before any operating history isobtained. Personnel can be shared if the designers of the village system canalso give their time at a workshop session as 
they end their stay.
 
The Tunis subproject (2)balances the overall program by providing an
urban dimension. Furthermore, uses
the best of waste are decided in a methodologically similar way and the effort is applicable to agricultural waste as
well as 
the use of urban waste in the countryside. The work of the team on
the Tunis subproject also provides material for the training subproject and
can provide personnel as well. Integration of this subproject can therefore
 

reap extra benefits.
 

In sum, shared methodologies, personnel, 
and the addition of realism can
provide benefits if timing and funding are coordinated. It is recommended
that all components of the AID program be integrated.
 

Last, the site was 
chosen to get into the administrative structure of
the Central Tunisian Authority. This major development program for Tunisia
is the focal point of AID efforts in the years to 
come. These subprojects
have a great deal to offer the Central Tunisia Project. Much reliance ondiesel fuel and central electricity is built intoWhile that decision makes sense today, planners will 
the design of the project.

have to take tomorrow'soil and solar prices into account. To prepare for the eventuality of prohibitive fuel costs and significantly lower solar costs, subprojects can be
a source of information and highly applicable expt-ience. 
 In fact, discussions
have been held with members of the Central Tunisia Project to apprise them of
the renewable energy projp'.t. Dr. DeMongeot, the Director of the project
expressed an interest in considering the results of the energy program in twoyears when the innovative technology portion of the budget of the CentralTunisia Project becomes available for funding innovative efforts. 
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2. Costs Summary 

The total costs of the three subprojects is estimated to be $932,260.
Itwas assumed that the scheduling of the projects would allow for shared
use of training personnel inall three subprojects, thereby a:hieving
economies of travel and preparation time. Additional economies were
assumed because the diverse technologies in the Agricultural Subproject
would provide "hands on" experience for the Training Subproject. Two costestimates are therefore provided below to help judge the separability of
the subprojects.
 

Costs Summary 
 Cost Summary
Integrated Program 
 Separable Program
 
Agri cultural 
 Agri cultural
Applications 
 (1)$758,000 Applications $758,000
 
Municipal Wastes 
 (2)$ 98,000 Municipal Wastes $108,000
 

Training Training Including(3) $76,260 Technology $ 96,260 
TOTAL $932,260 
 TOTAL $962,260
 
Based on costs savings alone the decision to integrate isnot supported.
However, based on the benefit that the village will get more exposure and
information generated if a trained group can experienc7e its benefits and learnhow to replicate it,the decision to combine Agricultural Applications (Subproject 1)with Training (Subproject 3) creates a
strong argument interms
of integration. Of course a smaller publicity campaign could be added tothe village subproject, but that contributes far less than professional
training. Thus, 
the inclusion of the training subproject is highly likely
to make the $750,000 far more useful. 

Another paired comparison can be made between Subproject 2, Municipal
Wastes, and Subprojects 1 and 3. There is little immediate connection between the urban and rural subprojects, except that the overall 
program is
more balanced if both are included. Also, the information generated on
alternate use 
of wastes in the ongoing and proposed additional study will
have future applicability inagriculture. 
One trainer can probably be shared
ifthe particular person selected has the appropriate breadth of skills.
 
The relation between Municipal Wastes and Training Subprojects involves
elimination of direct duplication because the subject matter of the Municipal
Waste Subproject iscovered in Training. 
The costs for at 
least one trainer
would have to be added to the Municipal Wastes Subproject if the moregeneral Training Subproject were not included.
 

Insum, there are small marginal 
costs to separating subprojects, but
substantial benefits are lost from Agricultural Subproject 1 if Training (3) 
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is not also funded. Systematic conclusions from Agricultural Applications
(1)will not be drawn as well 
or with as much impact if the exposure is
limited by not funding Training (3). While Subproject 2 is not as 
critical
for integration 
or as cosf sensitive, it can be accomplished with a 10 percent savings if it can 
use some of the expertise needed in the Training
Subproject (3). 

The nature of the overall project may require that a full-time project
manager be hired for the first year of the project. The varied and specialnature of the technologies and their applications and the project timingconstraints are 
such that the regular AID Mission staff and the normal
assistance from AID Headquarters staff may not be sufficient. 
The extra
cost for a full-time project manager has not been included in the project
budget. 
 On the basis of this, reviewers of this project report should
consider whether or not a full-time project manager is required. It iscertain that the project could benefit from this addition; however, the
existing project management arrangements in AID may be sufficient. 
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III. IMPLEMENTATION
 

The overall project will be phased such that each subproject isa separate entity capable of being implemented without either of the others.ever Howthe three subprojects will be scheduled such that pertinent worksubproject can be in oneused in another. This combination minimizes duplicationbut does not restrict progress inone project because another iseliminated
or behind scoedule. At this time it is anticipated that ifjects are implemented some economies can be realized due 
all three subpro

tion of duplication. to scale and elimina-The overall administration of the project at the USAID
level inTunis is a
matter which remains to be discussed.
 
Within subprojects the Following phasing is anticipated. Agricultural
Applications will have three phases. 
 Phase Idesign and procurement will involve detailed subprojectand will require approximately 6 months. Phase IIwillinclude assembly and erection at the subproject site and startup.take two months. Phase This should 

16 months. 
III will involve project operation and monitoring forThe AID direct involvement isexpected to be terminated by the
end of FY81 due to changing emphasis in the overall AID program inTunisia.
M.Bougatef, Director of the Central 
Tunisia Project, has indicated a willingness to have the Project assume responsibility for the Agricultural Applications subproject, with the exception of the electrical wiring to houses andthe setting of, and administration of electricity prices. 
 STEG has agreed to
assumre responsibility for this.
 

The Tunis Energy from Waste Subproject involves two phases. 
 The first
phase involves working with the Tunis Municipal District and the Ministry
of Industry, Mines and Energy to prepare a 
detailed work scope and timing
schedule for a study of and a 
solution to the commercial, industrial and
hazardous waste problem in Tunis. 
 This phase will require two months.second phase will Theinvolve performance of and paymentstudy. for two tasks in theOne task to be paid for and performed by the Ministry of Energy team
will involve an evaluation of ways of solving the problem through application of energy technologies or through energy-related reuse.
task will The secondinvolve comoarison of these solutions with other solutions proposedana studied by the municipal district team.
months. The second phase will take 10M. Youseff Bahri, Principal Engineer in the Ministry of Industry,Mines and Energy, will work with N. Kariem Fathi, of the District of Tunis,
in the management of this subproject.
 
The third subproject,

performed 
Traini igin Alternative Energy tpplications, willbe in four phases. The first phase will involve formationtraining team and preparation of materials. of the 

months. This phase will require four
The second phase will 
include the overseas training. The first
overseas course will include renewable energy and enercv policies.
second course, renewable energy technologies and aoplicaticns will be 
The 

scheduled,if possible, for presentaticn after tne agriculzural suc-oroject isThe third phase undervay.lil cover fellowships for specialized training in the U.S.This phase will be scneduled following the first two pnases. 

DEVELOPMENT SCIENCES INC. 
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The training subproject should take place within the Ministry ofIndustry, Energy and Mines, rather than within the University orthe Institutes. any ofThis will be a novel undertaking for the Ministry, and
at present, though conversations have been held with M. Youseff Bahri,no administrator has been designated. 
 The current expectation is that
the training will be under the supervision of ETAP within the Ministry.
Confirmation should be done early during the design phase of Subproject 1.
 
Table XIII presents a detailed breakdowneach subproject. and timing schedule forIt should be noted that the subprojects are very tightly
scheduled. 
Because of the need on both the Tunisian and United States
Governments to commit funds as soon as 
is possible, the design phase,
equipment procurement, installation and Subproject 1 start-up are given
only the minimum time possible for accomplishment. 
 If these activities
are delayed,other timing and cost overruns mey be experienced.
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:rCO!TE:15 Jui-1-.- Fin Su,. 

NIT .P 

1. C{AKGC'S DIRCTES
 

.. Aprovisionneznts
 
! er~ilisanto !I
 

luOir 60,000
10 T 

A-.cnitre 33,5 % 2C kg 10,000 

Super 45 . 150 %'g 5,400 

Sulfate da potasse.. O00 kg 8,200
 

P7oduits pytosaniraires !
 

Traitament du sol I 30 ke ! 6,600 

lFongicide ( soufrc-) 150 kg I1,000 

Insecticide 20 kg l 2,C00 

semenccs 2,5 kg 25,000 

1 Irrization 400- m3" 64,000 

1.2 Travail l . .-

Traction mccanlcu! 15 h -..32,10" 

Traction animale 8 j 12,000 

lfain d'otuvre 250 j 300,000 

Encadremcnt!" 50,000 

SIT 594,100 

2. AUTP.ES CHAP.GES 

Valcur locative 1 an 100,000 

Int~r~t sur capital(6 nois), 4 2 D/T 23,764 

3. FRI.S GEI7ETtAUx 10 7 BIT 59,410 

Total arrondi 1 777,000
 

4. R .6DE::ENT (T) 13 T 
511 5. COUT (arrondi) D/T 
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EVOLUTION OF PRICES AT THE PUMP 
OF FINISHED PRODUCTS BETWEEN 1975 AND 1979 

1975 1976 1977 1978 1979 

o 

LPG 

High-Test Gasoline 

Regular Gasoline 

Lamp Oil 

D 1.550/bottle 
of 13 kg. 

D 165/liter 

D 160/liter 

D 36/liter 

D 1.550/bottle 
of 13 kg. 

D 165/liter 

D 160/liter 

D 36/liter 

D 1.550/bottle 
of 13 kg. 

D 180/liter 

D 170/liter 

D 40/liter 

D 1.700/bottle 
of 13 kg. 

D 190/liter & 
D 205/liter 

D 180/liter & 
D 192/liter 

D 40/liter & 
D 45/liter 

D 1.700/bottle 
of 13 kg. 

D 205/liter 

D 192/liter 

D 45/liter 

10 Diesel Oil 
Iz 

D 45/liter D 45/liter D 60/liter D 60/liter & 
D 66/liter 

D 66/liter 

In 

n 
m 

z 
0. 



APPENDIX C
 

Tunisian Energy Strategy 
(Prepared by the Ministry of Industry, Mines and Energy) 

DEVELOPMENT SCIENCf.'5 INC. 



7.EJ~l~tJF~ rLU T.-r 

P P TJR LA S~I'=zIIE W.' L'~1nG D-qvA '.i is~ 

~.COnf~rence I r~ciale de 1I fl--erg ie tenus A-2star~ba1 er. Sqe-trb2 e
1977 a 6td la "Con-M-r-nce de la Iiede concience'
 

-~ I)une Part, du ues~rietix dune ctra,.e 
 rise (le1 'I~rerrrj': ver,
1,090 , crise au serLS nOn sOelelent d 'une forte~aux.;mntatia-n d~es prix, rais "Un.i 
et Surtout d 'una phnmie ph-ysqe de 1 'offr r ptroli~rs face '. la alr~m~-- cro!
sante de I'nrie
 

- D'autre p~art, de lc- ncessitC-ivrrimmsede 
rcp xuvoixd - aujour--'hu~i le d&.relc,--pt d 'autres sources d' dne3rrie 'esbttto urtoe 

Par. ai11eur-:, s-,= proposition de la 'unmisi. la X&n Cbnf~rence
lbridiale de 1' lbergie a accen-t6 crue la XireConfirence cqui se tienrlra "u:Uch en 1980 traitera du th~re "Les Probl;-es de 1 'ierri edan le T'ier 
Pour la rparatjon de ce trunCaiitc ad hor- n'rlsi5 !D~ar~'bnsaeur 'Iase
lUJSS9-=F7UtA (Tuniisie) s'est rt~uri le 20 Scectennre 19173 a r., 7v' (Cnada) &, a
rec~mL-and6 clue les C~mL*.ssiais I-lationales de 1 '7 ercie des Pay-s en vric r2L~Wre10--i-Ament d~finissent leurs oitcus nrtimsen relaiti , avc les 'PrS-
Pectives de davelqo':-rit icna-irrue et social de ieurs r~clvs et les a~t~ 
au Cwuitd ad hoa en vue de les; ilit~s-zer dans le cadr'i de la strat -ie rrdj~ 
de 1' Enexce. 
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C' est donc en vue de dts-finir une po1itique r-nergatirjue de la
 
Tunisie a trbs long tem ca-p*'- term das contrintes extnieuros et do can
tribuar 11 ine milleure anrc~rm d'une Stre.0-jie Eertique ta-xt au niveau 
des Pays du Tiers n&qu 'au niveau global du Monde, qim le inIztU're de 
12 Xr-iustie, des Mirnes et de 1 'Ehergia a constitu4- une "Ca~duss ion e l. 
Stzatkgie de 1 'Jric qui a d1abor,6 le rfent rapp.ort. 

LI-present r=.rt crand 2 parties 

PA~R= 1. : apirt pr6limnraire 

1*'/ Izroduction :Perspct-ives de 1 'Fzergie dans, le ironde. 

2*/ Dalmane de 1l'Energie et Projection su 'an 2000 et 2201. 

30/ ILnventaircm dos reurcos A~,= -tiqucs cisponkbls ft-poetdc. 

4*/ GAP entre la, dernda e. l~a production et options da-choix pour los L~ncr
gies de substitution. 

5-/ Plan de d~velmpa-nFnt da 1 'rnergie dlectrirue y ca~ris 1 lutilisation 
6vantuelle de l1 fergie nucl.~aire. 

60/ Prartion de 1. Energic Solire 

7*/ Pacarandatioris Grln&ales sur la stratffigie de 1 'nergic et la cbnservatIon 
kt 1'&btttire- de*1"Enrgie en Ttrisie. 

PAT= . 

T ms de r~fidrence pour 1 'itude du imcd~2e do .4C~mIopa-,ent:dnerdticlue 
TiunLisien 1980 - 2020. 



PPA T IE I 

RZAPPo !- TL\I 

I.- PoDUr-TIeY : asecAc de 1 Ciercrie -lan,1 le Iklonde 

Le Conseil &0cutif-international de, la Corj=,rre,.ce --onil aeloe~
~~uni. 'TP2 (Canada) du 18 au 20 SOIerbre a 6xwinmh la finaliLsatkn .uraFort: de la CCtrIssio; da la 'ronsPevaticn de lJ-En'rgie, knprs dle laredi

C=SsiOns, 1'a adcontG. ee :s 

LaslUC~I~r~u d Un el arv ort in -dresSe . t les pays d..ve i.o T*-~s a "-ibien que les pays dri voie de d&v-cnpe,nt. Ces ronclu.iono Tortent sur Ie~*
inadee 'E er~ie la fou niure d;e 1 -'n~ercjie et la COCop-'-:ration dnercyu ti-T , 

-clsu sant un taux amnuel de croissarice dcon-om-icjue (qe -s,2Txourpays de 1i'OQ-, 5 ,7%-/ar pour les, ayks en voie d . dgvea~p~t, et 3,3% pour
1-:S C'conorMes -Planifies, aVec cerendont des coe-fficients d o;51asticit6 des r-'
Ven-us akromri~s-, 
 la dancle serait r~rpartie come~ ,it; 

38% r'Our i'O C D E 
320, tour les pikys a dconorlies plarniffijges
 
40% torles 
 pkvs en voie cle cI-ve-.c, p t. 
l~a projection de la dernande itm~ne ale Q~eri 1_hrzn220q-~r

au6rvisions dle la'. :?roduction- rjtr clarrnt gu la tutred afu-I 
niture de 1 'Elergie sa-ra profon-m.tr el&Stucurid !efur 

rndifis. 

http:Corj=,rre,.ce


4. 

Vers 2020 !a fo n-itur*oe annuel1'e cVdr~gie npri44naire -ouait attc-Ldre 
1000 siajOlles, sOit a-mr--ciMtivrnt. le tri!?le de la orocliction cictuellr2. 

ta stnuctux de cette fourniture scrait schC-atis,,_e ainsi: 

Eni Pexajaules 

rIaES'xJT=E 1 9 72 1 9 85 2 0 00 2 02 0 

- P.-trole 115 216 195 106 
- Gaz A6 77 143 125
 
- CMarbon 
 66 115 170 259 
- lucldaire 2 23 88 3141 

- flmrulicue 14 24 34 56 
- ltrole et craz r=n cnven-.
 
tianne1l-
 0C 4 4 

flimi-Sse 356100 

T 0 T AL :269 488 690 1000 

xaprcducticrnde T~trok-atteindra in ~'rx~. vers 1'90et eclinrzt
 
alors de4005 ZI
cniron 1.0% eela rouction 7tzile d' -nrciePrim~irn. 

La paxt dii gaz sera 1liitc a 10 - 15%. Par contre le char-Ln at h,
nucldaire £ laffi-rm-ntour 5S%. L'wdrauLic:.ue connaitra un3 croisaarice onr
tinua rmais se riaintendra Alun rcurcentage Z!peu pr, s constant cic 5-l. 

Le petrole et gaz non con-ventionnels cxtraits3 &, sa-ble bittoi-imt at 
des sistes rnkrolifA-res rxx,=aiLt --wrticiper -4ur 4%onirxon. 

http:L'wdrauLic:.ue


L',flerrTio- Sol-1ie :! la1 Diamass.3 :.orrakt contri' ucr por7 j.iPrcduction do 1'1 C-nrgie at la gC5thcrxmi4e nour 2 -A37;. 

L'&tu~ ~iOut r uo si les pays dl o=.ro~ 
:sisront ji rOndta
 

toute 'a p'jr"Y'-3 c'- l'imrtrat-'On du P-5trOle, ii. da-icnemot corauz:!
do charboln a-rrAs 2007. 
par con-trc Ios rays en voiz de 3velq27 ~ j"~sSent d'un Dotentiel excdaairn juzqu i 1 'horizon-' 0f1cawa~crn ~ '~aii7TOrtateurs net Lpae-ir-de catt--datc. 

Ainsi la Croissa-ric de 1'2conorne bndials au couirs de la -,rI.Oda 13:julscunaen 2020 nilcessite un.a action orAcoce rnour, dl'un~ ,-rt, la cor:!vtic
~erie ado ' t 1 tt6 co tre 1. qaspillarT3, cnt d 'autrno pa-.t, un- r.r. 2 -vir7oureujx do totis les gen-rs d,- nO-iuction de 1 'FherrJie. 

TPZr COYlSi~Ci.2ftr eu 6Jcr aux r laictjives 1dcVra- Croirwvitcd
1' remic ii C.st n'r-o'-ssair.ec-o L=ire face A cettc danft sans dielat 

A cattao fin, loPys d,-se--o--s scnt unan-ircs ro= krrx rtar lour aidaA la miise- r-n valour- du otena'tiel 6nerq~stime, renouvelpibl. au non. das "'
 
en voie de d~velmemt.
 

Cette rmise ean valoeur lib~rerai pr.il:t le 7ra CWICeinu- da lacontrainte qu'6xeront sur le d~vepnent dsCon.Iique, les i-portaticns 
d &nerzgie. 

En Cons euence, l3s rays irdustria.-&-s et les pays en voia-de d?.lc,-.Pzmnt ont un in6=t Mje 2 prauvoir !a =p->sration (-nerrAtTu,

R=Ich-e et 1'exrlaiatic 

-aur
 
des sources add tiozinal les et/ou ftrtves d' &nergie ainsi gue ?-)ur son utilisation plus ratiommo13.u. ot -c o-t uacct-s Tplus ais5, ! lang trc,_, des pays voiac doan 3 v, c--e f,1blrv~

:nroducteurs d'(!ncrcjic- au ramlit-I zrfru rn~hl 

* .1K 



2/ D3iande de l'Frgie et projection sur 'an 2000 et au delj. 

E -WDnDE P~iDMITS Pr..L/ROT.. , TNIS 

A L'.QRIZON 2020 

L' .xtmnzolationdes pr~visions de la danable des produits ptroliers
ftablies a l'occasion de l'laboration du plan Directeur do stockage peftie d,
d&duixe que IA cnsarmtizn on tunisienne serait selon les diffdrents taux de 
croissance dconamique cca~m suit 

i0 3 Tonnes 

Cinc 
 1980 1985 1990 
1995 2000 2010 2020! 

7 % 3.020 4980 6900 
 9250 11500 15800 
 20100
 

5,9 % 2.600 4030 53,0 7400 
 9400 13800 18100
 

4,9 % 2.200 3160 3950 5600 
 7200 11500 16000
 



30 -
 Inventaire des Ressources gaerg4tioues disonibles -


La production rtrolijre des gisememts connue & ce jour, sans 
terir
compte des indices en Oours d'apprcciation rencontrs 
.u Colfe
 
d'Hammamet et de Gauls, est la suivante 
:
 

ANNEE 

Gisements en 
cours d'exploitation 
-

E1Borma - Lshtart - E1 Itayem 
Chouech Saida 
- (en I'.T. ) 

Production 
 65 r, de la Production 
Totale 
 revenamt 
 l'7tat
 

1 9 80 
 5,53 
 3,591 9 81 
 5,16 
 3,35

1 9 8 2 
 5,21 
 3,39

1 9 8 3 
 5,01 
 3,26
1 9 8 4 
 4,44 
 2,89

1.9 8 5 
 3,94 
 2,56

1 9 8 6 
 3,63 
 2,36
1 9 8 7 
 3,16 
 2,05

1 9 8 8 
 2,78 
 1,81

1 9 8 9 
 2,66 
 1,73
 
1 9 9 0 
 2,40 
 1,56

1 9 9 1 
 2,07 
 1,35

1 9 9 2 
 1,84 
 1,19

1 9 9 3 
 o,97 
 0,63
1 95 4 
 0,89 
 0,58

1 9 9 5 
 0,85 
 0,55

1 9 9 6 
 0,79 
 o,51

1 9 9 7 
 0,73 
 0,47
 
1 9 9 8 
 0,68 
 0,44
1 999 
 0,63 
 0,41

2 0 0 0 
 0,52 
 0,34
 

63,64 
 35,02
 



---

4'- Diffdrence -8entre la demande et la production d'hvdrocarbures
 
et option de'.. ix Pour les 
 ner ies de substitution
 

Dans l'hypothbse d'un taux de croissance de 5,9 5,le d6ffcit
do la production des hydrocarbures des gisements en explcitation: par
rrport 
~.la demande 
apparatt d!s l'horizon 1983.
 

• I I II 
 -- -103 Tonnes
 . - --- -1 1980 1 1985 1 1990 1 1995I ! I. I. 2 000 1 2 010
I 1! 2 020 

I• 

; deI ! 
 3,590 
 I5.360 I1 7.40 . I 
___ouction____.5_0__ 
 2.560 1.560
^;-, 5501, "---- ------ 340
 
"?+ !
990 *- 1.470 "- 3.800 
 - 0 • 
9.060  .13800;-i.oo100 

Cependant la mise enc6rts d'appr~ciation exploitation des gisements off-shore en
et de la Redevance sur le passage du gaz al-6rien vers
l1tc.lie pourrait faire reculer 1 16ch6ance de1983 
1988 dans le scnario
suivant :
 

1982 : mise en 
production de Didon et ISIS
 
1984 : " 
 " de Byrsa

1985 : "t de Halk El Menzel et Yasmina 
1987 : "i de iTISTAR 

En tout dtat de cause le dificit de la production pourrait
Otre r=duit grAce :
 

a) la mise en oeuvre de nouvelles d6couvertes
 
do Sisements d'hydrocarbures
 

b) la mise en oeuvre de l'4nergie nuclaire
 

c) i'utilisati,. 
de l'n6ergie solaire
 

d) l'utilisation de l'nergie 6 olienne
 

e) la recherche de l'exploitation de gisement dventuel
 
de lignite
 

f) eventuenlement la mise en oeuvre de 1'4 nerie 
5 - geothermique
Plan de dgvelooement de !'nerzie -Eecticue y com-ris 

l'utilisation ventuelle ~e 'me-ie uclaire -

Les prdvisions suivantes de consommation de l' 2 nergie. loctrique jusqu' l'hor~izn 2 003 sont basses sur l'hypoth~se moyenne
de croissance suivante t 



1977 - I98I 15% 
•1982 - 1986 13,7% 

1987 - 1991 8,4% 
1992 - 1996 6,7% 
1997 - 2003 4,8,. 

1977 - 2003 9,3% 

La consommation d'6lectricitd 
passara de 1,331 milliard
de kWh en 
1977 b 12,500 milliards de kWh en 
2 003
 

La puissance appolde passera de 320 MW en 
1977 6 2.820 MW
 
en 2 003.
 

La puissance installde pessera de 420 MW 
en 1977 &
 
3.000 MW 
en 2 000.
 

Les investissements 
passaront 
de 200 MDpourIs uinounnio
1977- 1981 & 2 000 MD oour 1996 
- 2 000 
aux Rri: courants
 

Les coOts correspondant 
aux conditions 6 conomiques de le
France en 
1975 at 
aux tailles unitaires les plus performantes

(900 MW pour le nucldaire, 700 1U pour !e thermique - vapeur) sont do: 

6 millimes/kWh 
pour ie nucldaire
 
10,84 
 pour le thermique vapeur 

* .e/.o. 
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Compto tonu do la hausse prdvisible du prix du pdtrole,
l'optimisation des 
ressources conduira probobloment la S.T.EQ..
 
envisager l'inserion d'un rdacteur nucldaire dana 
son programme

do Production. L'dtuda do rentabilitd doevait-mantrar les options
b prendre ene ce 
 ui concerne la rdalisation d'un rdectour national
 
et. prendre en considdration l'6ventualitd d'un projet au nivaau
 
rdgional.
 

LA PENETRATION DU NUCLEAIRE est possible suivant le echdma suivent :
 

mills unitairo Part du Nucldairo an 1'anDate de recours1 
 2 000
compdtitive 
 I au nucldaireo 
 Puisti
 
! 
! die 
 ! 
Pr oduction
 

200 - 250 MW 1990 
 35% 60 

350 - 400 MW 2000 
 25% 
 45%
 

I--- - --- 
600 - 700 MW 
 I 2010 
 0%0
 



-
60)- Promotion de l'Enorgie Solaire 
- 11 

-

Depuis la crise mondiale de l'dnergio on 1973 qui a ddclench4
la hausse importante des prix du petrole, tous les pays et surtout lea
pays industrialis4s ont d~cide de doubler d'effort en mati~re de recherche
 
de uouvelles sources d'6nergie.
 

Clest ainsi que la technologie d'utilisation de 6
'4nergie
solaire connatt actuellement un d6veloppement qui lui permettra d'occuper
une place croissante pour la satisfcction des besoins dnergetiques.
 

A ce jour lea recherches entreprises pour mettre au point
des techniques permettant l'utilisation de 1'energie sulaire ont permis
de substituer l'4nerGie solaire aux combustibles fossiles, et ce 
pour la
chauffage de l'eau et des locaux.
 

Pour encourager l'utilisation de cette technologie et
economiser les 6nergies import6es lea pays industrialis ont adopt6 des
politiques d'ercouragement vis-&-vis des utilisateurs d'installations
 
fonctionnant A l'energie solaire.
 

La Tunisie de par l'ensoleillement intense dent elle bdn~ficie
(2.800 h 3.600 heures par an) et de par ses 
ressources 4nera4tiques
d'origine fossiles limit~es, 
se trouve par consequent motivee pour adopter
des ystemes d'utilisation do l'4nergie solaire dont la technologie est
mise au point et l'conomie est comp6titive avec d'autres formes
 
d'6nergie ,
 

Afin do favoriser une meilleure int6gz'ation en Tunisie des
chauffe eau 
 solaires et b4n~fic.er convenabloment de l'4 conomie
apport6e par leur utilisation aussi bien au niveau des consommations de
fuel et de GPL qu'au niveau du coat de production de l'nergie destin~e
au chauffage de l'eau, il eat souhaitable dzentreprondre d'une fagon plus
dlaborde, lea 6tudes de march4 ngcessaires A.une moilleure 4valuation de
la demande d'6nergie destinde au chauffage de l'eau ;-Lnsi que celle des

chauffe eau par type d'utilisation.
 

http:b4n~fic.er


- 12-
Cos 
.tudes soraient h dlaboror an collaboration 6troits voctaus lea organismes intdressds tela quo la Direction de J'Indatrior
 

2a S.T.E-.G, SACE14, 
 Les Promoteurs immobiliers (S.N.I.T). 

A la luminra des rdsultats de cotte dtude, un comitd ad hoc
groupant des reprdsantants des directions do l'dnergis et do l'indus
trio, S.T.E.G, ETAP complos ainsi qua lea constucteurs potentials de
chauffa eau solaires en Tunisie, arr~terait on accord a 
voc la flinisthro

do L'Industrie, dos 
Mines et 
de l'Energie et lo Ministbre dos Finances
lee mesuros ncessaires 
en matibro 
de subJontions 
i accordar, des

dd rbvements fiscaux et des procddures v ardrentes.
 

Un intdrOt tout particulier devrait ttre accord 
pour le choix
d'un chef de filedans le but de faciliter los modalit~s do Financement

des installations solaires 6l'instar de culles accorddesoux bdndfi
ciaires de chauffe oau dlectrigume ou h gaz.
 

Do telles 
mesures, une fois arrOtdes, dovraiont Otro accompe.gndes d'un timing de r6alisations at do conversions dventuelle deschau~fe aau dloctriques et m~me h gaz actuellement existants afin quola 
Tunisii puisse bdndficier dans las plus brers.ddlais d'uno mailleure

utilisation de sea 
ressources dnergdtiques et 
de ce fait du maximum 
d'dconomie er devises.
 

A titre d'information 

- La consommnaton annuelle d'dlectricitd et de gaz pour lechauffage, des Iocaux, le chauffage de l'eau sanitaire 
ot
 
Is pompage ost dvalude i 40.000 T. E.P.
 

- La consommation annuelie do Fuel Jdrmestique est do I'ordre 
de 40.O00T pour le chaufrage des locaux.
 



70/ Recommandations Cdndrales sur la Stratdqie de l'Eneroie et lai.
 
Conservation de l'Enorqie en 
Tunisie
 

7.1. StratdQie de l'Eneroia 
La Sous-Comnission recommands qu'une dtude du modble do
ddveloppoment drergdtique tunisien soit entreprise jusqu'b l'horizon
 

2 020.
 

CottO dtude rdpond au 
triple objectif' 
a) objoctif national : Expkoitation optimale des 

ressources nationales at actions b Ontreprendre pour
 
y Faire face
 

b) objectif de coordination des stratdgies dnergdtiques
 
des Pays en voie de Odvelopp.ament
 

Cette coordination sera assurda par le Comitd ad hoc
 
crdd par la Confdrence Mondiale do 1'Energie.
 

c) objectif international : Aider 6 l1ldaboration d'un3 
Stratdgie Mondiale de l'Energie au service du Nouvel 
Ordre Cconomique International.
 

D'ores et ddjl la ;u-Commission recommande qua sur
soient
Plan National les actions suivantes entreprises, sans prdjudico 

le
 

des conclusions de l'dtudo du modble Energd'ique : 
I) Poursuivro l'intensification de la Recherche pdtrolikro
2) Etudier le potential hydro-Clectrique de la Tunisic 
3) Poursuivre l'eamen des possibilitds de lt extraction 

de l'uranium des phosphates. 
4) Poursuivre la Recherche du lignite, at de l'Energie
 

gdothermique
 
5) Promouvoir l'utilisation do l'Energie Solaire et 

1ldnergie 6olienne
 
6) Se prdparor pour 1'insertion de ldnergi
a nucldaire 

dans le Plan de ddveloppement de l'Energie ;EJlectrique 

7.2. Conservation optimale de 
 'Eneroic 
Les conclusions de la Conference Niondiale de I'Energied t lstanbul en 1977 a montrd & l'dvidence quo I1homme, d'ici la fin dusibcle, doit envisager une diminution trbs accdldrde at considdrable
 

des ressources pdtroli-res.
 

.L'
 



L'ajournment de la date critiquo du ddclin de l'bro pdtrolibeo
 

jusqut en 
1990 ddpand dans une largo mosure, do la consorvation aptimale
 

da 'Energia.
 

Lee mdthodes lee plus efficoces d'optimisation do llutilisotion
 

de lldnergie ant fait l'objet das recommandations suivantes
 

I) ProvoquerAl'intdrt de tous pour une meilleure utilisation
 

de ilEnergie, par la publicitd, V'information, les conseils at I'ddQ.
 

cation. Encouragor un stylo de vie plus dconome.
 

2) Crdation de stimulants fiscaux encourageant uno fixation
 

correcte des prix des combustiblos at de l'dnergia
 

3) Rdglements at normes concsrnant tous les eppareils consom

mant de l'Energie, tellos'que les normes d'dconomies on ce qui concorno
 

Xaz vhd cules, los vitesses maxima, los limitations de l'clairage,
 

du chauffage, de l'air conditionnd, at les normes d'isolation des
 

batiments.
 



I A Iift IB -I 

1)DC-erIner, catpte tenu de diffil-rents S--narios de 6&.ve~oppernent 
dmn g.= du- r)E:vs, rquels seralerit les besoins de 1 '6cormie tun~isienne en 

prcyuats 1rergetilutes jusru' a 1'horizon 2020 et en distinguanvt 1 ou Plusleurs 
horizcn3. ite=6diaixsss 

2) D§-te=rx=-a-- cuelles son,- les quantit~s de produits Onerg~ticlues 
non c%,.=titzl-,lcs et celles aumi murraient donner licu &des chOix d' ordrE. 
stat-giq,:. 

3) W--finir des options de c.oiyx entre les diff~rentes stratC&qies pos.. 
sibles et deiecczyte tanu Lies hymtha-ses de dMvelopperment envsag~ea, 

11. COT~ "U 'I

1) L(st i -e d~tcx.-,zcer p~ar Orraluer les hesolns en 16nergie prinraire, 
=pta t-=-, nczrd- &o advelop esnt 6conoz'icue e.Nmlic-iter. Ces besoins 

c~rre -4-n ~s in1z eon n coustibles que les besoins eun produits 
&negticu-s =i±is5Sz c=J-L. rnatre prerni~re dans les diff~rents secteurs. 

2) c.-, bezcoirs en &nergie Priafre devront Otre venti3As suiLvant les 
diffdramnts sectL-rs utilisateurs. 

3) Une a.,iy'-,se dsv.ra P-tra faite par secteur pour deftex-mner sous 
quele (s) fo-.(s) d'~merg~ie secondaire ces besoins en 6re~ie primaire pcuvant 
atre a- ers 



4) Les diffdrents. choix d~conadiques entre les diverses ressources
 
d' dnergie prlh'alxe access ibles r~oar 
 satisfaire la d'anande en &nergie sexndair,,
devzont V.te examin(Ses, et les diff,25rents raarbntras techniques, 6cocmaiqucs 
et financiars de cornersion devront dtre d~texnin5s. 

5) tUn inventaire sur 1 'ensernble dae la -A-riode envisag~e des diff~rrmtes 
ressources d'dnezgia prirraire nationales devra Otre dtabli. 

6) CMIrOte tenu 2L la fols des possibilite-s de substituticn ou non d'iunI. 
dn--gic I une aur des ressourc-cs inventori~es et des dif£xrnts parm-.trcs
de conversion.. ddt=,iner las diffi~rextes st:-.at&Ties possibles et-d~gager
pa~ni elles celle gui corespczd A 1'opti~, 2 ccaiqua.
 

7) Anal1yser cc qm catta strat~gie inmligue sur le plan dos d~cisio.=
 
A Pmxltre, at rxotarn-ient las &5cis
ions d' investissemants. 

13:1. 1 'XMoCrEDE LETMDE 

1) niconvient de confectiom=c un~Cu plusiaurs wcdales; vathtiqw,.
=,u 
 r&-parre A toutes les questims. posdes ci-dessus. Cos rndles c1 .ivent 
dtre dynarnigues en vue d' ~tuier 1 endhainwnnt des d&-cisions et de laurs
 
effets.
 

2) Las prix inte~nationat,-, des dif-fCrentes forms d ' iergi'e ainisi 
qua leur evlution doivent sarvir de base- -La= la disfinitiJon de la stratdgic
optimale de couve--rture des besoirs 6nrg--,tiques du paeys. Eh out-e une anal.vs. 
des prix intdriexrs de-vra Le faite en vue de faire ressortir Ious incoh4
rences &7antuclles ct da prq~ser des soluticnz ainsi que des r~em.ndations 
pour les faire &volutr dans le sarns d'unre plus a-,nde coh~rece intarne --t 
a~tpzne- (avec- les prix ±InternatLonaux) 



3) Das calcuils da sensibJitCll. devrorit ttro faits pour faire. a-ptaraitr-. 

cluels sont kas nara-62tras-clef s du svs-tkr, c'est A.dire les parwnftras dont 

la variation engendre les plus gra-c--Ils cliangmnants sur la strat~gi-- optinale. 

4) L~es Probb1-Ims da conservation da 1' &nergia at de ).utte contre l~e 

gaspilage doivant 6galrrnt ttre examin~s et inclus dans 1, Gtude. 



9.-v. t on tra' 
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TA!LrAU N-s 

}?tpotW~ia rotueuu~ pUr la pt'rdvijet,
d& oanso~atio: d'61ottirtc fot-rnio par la S. 

1977 - 2003 

Annie WTo:hce I :7o th;.0io 

%ible . coy.np.e 

1977 1331 1331 

1978 1570 
 1570 


1979 1750 1750 


1980 1990 
 1993 


1981 2280 
 1 
 22£0 


1982 2570 
 2593 


1983 2870 980
f 
1584 3203 
 __ 9_339_ 

1985 3550, 


1986 3970 
 431-4
 

1987 4300 
 470 


198, 4800 
 5100 


1939 
 5o0 5Coo 

1990 5300 
 6000 


t991 5800 
 6500 


1992 6200 
 7000 


1993 6500 7500 


1994 7000 
 8000 


1995 7300 
 85.:) 

1996 7600 9030 


1997 8000 
 9500 


1998 8500 
 10000 


1999 
 9000 10500 

2000 9200 
 11003 

2001 950o 11500 


2002 10000 12000 


2003 10500 T 125C0 


*:Lee ohiffrv de 1'aw.6e 1977 eu-ct rAal3. 

thbce 

forte 

133
 

1570
 

1750
 

1990
 

2280
 

2590
 

298O
 

38?0
 

4800
 

5300
 

6000
 

6500
 

700
 

7,"00
 

8500
 

90o 

9500
 
10000
 

11oo
 

11700
 

12500
 

13030
 

13500
 

1C
,,.
 

15000
 



19TT 


1978 


1979 


1980 


181 


1932 


1933 


1984 


1985 


1C6 


1987 


1988 


19a9 

1990 


1991 


1992 


1993 


1994 


1595 


1996 


1997 


1998 


1999 


2000 


2001 


2002 


2003 


,,I3. :c:- chiffre 

TAIILF.U NaS
 

PREICSION DE LA PL'ISANCL HA;II.MlM APPELCE
 

SUR LE RESEAU STES ( MV)
 

19777320003
 

320 320 320
 

370 370 370
 

420 420 420
 

470 470 470
J 
5,f0 540 540
 

600 oo f 
670 700 700
 

750 7 _3 790
 

830 890 80
 

930 1020 1020
 

990 oo I 1co 

1100 1170 1220
 

1150 128) 1
 

1220 1380 1500
 

1330 1490 1660
 

1410 1600 1780
 

1480. 1710 10,0f
J1 1820 2050
 

1660 190 j 2170
 

1730 2050 2400
 

1800 2140 2480
 

1920 2260 2r,40,O
 

2020 2360 2820
 

2060 2480 2920
 

2160 2580 3040
 

2260 2700 3160
 

2360 2820 3330
 

de l'anne 1977 sout ra-la. 
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PREVISION DE LA PRODUCTI ON TUNISIENNE E4 

HYDROCARDURES 

ti IIions de
 

Gisemnents en Gisemen s 

Ann6es cours e'Exploi- f i s: ar nouveaux Recevance Total
 
tation 65Prod. 33G,3 off-shore
 

TotaIe 
 65%Prod.Tot
 

1980 3,59 3,59 
1981 3,35 3,35 
1982 3,39 0,7 1,63 0,2 5,92 
1983 3,26 1,12 2,28 0,37 7,03 
1984 2,89 1,40 2,93 0,42 7,64 
i985 2,56 1,59 2,28 0,61 7,o4 
1986 2,36 1,68 1,95 0,61 6,60 
1987 2,05 1,40 0,65 0,61 4,71 
1988 1,81 1,17 0,33 0,61 3,92. 
1989 1,73 0,93 0,61 3,27 
1990 1,56 0,79 0,61 2,96 
1991 
I99A 

1,35 
1,19 

0,61
0,-o:1 

0,61 
0.,61 

2,57
2,31 

1993 0,63 0,37 0,61 1,61 
1994 0,58 0,37 0,61 1,56 
1995 0,55 0,19 0,61 1,35 
1996 0,51 0,19 0,61 1,31 
1997 0,47 o,61 1,08 
1998 0,4 0,61 1,05 
1999 0.41 o,61 1,02 
2000 0,34 0,61 0,95 

TOTAL 35,02 13,02 
 12,05 10,75 70,84
 

* Mise en production do tous les 91sements en 1982 



PREVISIOU BE LA PROOUCTFON TUNI1SIEIWE EM
 

HYDPOCAR9UP&S
 

MiIt ions de Tep 

Gisements en 
 Gisements
 
nne cour-s d'Exploi- Miskar 
 nouveaux
teation 65%Prod. 
 33MG3 off-shore Redevance Total
 

Totale 
 65%Prod.TI
 
bI 

i1978
 
.1979
 
'1980 3,59 
 3,59
 
:1981 3,35 
 3,35

1982 3,19 
 1,63 0,2 5,22
 
1983 3,26 
 2,28 0,37 5,91
 
1984 2,89 
 2,93 0,42 6,24
 
1985 2,56 
 2,28 0,61 5,45
 

!1986 .2,36 
 1,95 0,61 4,92
 
-1987 2,05 
 0,7 0,65 0,61" 4,0Y
 
1988 1,81 1,12 0,33 0,61 3,87
 
1989 1,73 1,40 ,. 0,61 3,74
 
1990 1,56 1,59 0,61 3,76
 
1991 1,35 1,68 
 0,61 3,64
 
1992 1,19 1,40 
 0,61 3,20
 

i1993 0,63 
 1,17 
 0,61 2,41
 
1994 0,58 
 0,93 
 0,61 2,12
 
1995 0,55 0,79 
 0,61 1,95
 
1996 0,51 0,61 
 0,61 1,73
 
1997 0,47 0,51 
 0,61 1,59
1998 0,44 0,37 
 0,61 1,42
1999 0,41 0,37 
 O,61 1,39 

2000 0,34 0,19 o,61 
 1,14
 

TOTAL 35,02 12,83 12,05 10,75 70,65" 

* irise en Procuction de tous les gisements en 1982, 

p)
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PREVISION -DE LA PRODUCTIOI TUM ISI EIIiE ElN 

Gisemrents en 

.Annies cours d'Exploi-


tat ion 6 5%Prod. 

Totale 


1978 


1979
 

1980 3,59 


1981 3,35 


1982 3,39 

1983 3,26 


1984 2,89 


1985 2,56 

.1986 2,36 

1987 2,05 

1988 1,81 

1989 1,73 

1990 1,56 

1991 1,35 
1992 1, 19 

1993 0,63 

1994 0,58 

1995 0,55 

1996 0,51 

1997 0,47 

1998 0,44 

1999 0,41 

2000 0,34 

TOTAL 35,02 


HYDROCAR DURES
 

Gisements 
1fiskar nouveaux 
33141G3 off-shore 

65%Prod.Tot 

0,98 

0,98 

1,63 

2,28 

2,28 

0,7 1,95 

1,12 1,30 

1,40 0,65 

1,59 

1,68 

1,40 

1,17 

0,93 

0,79 

0,61 

0,51 

0,37 

0,37 

0,1 

12,83 12,05 


.illions de T p
 

Recevance Total
 

-


3,59
 

3,35
 

0,2 4,57 
O,37 4,61 

0,42 4,94 

0,61 5,45 

0,61 %,25 

0,61 5,31 

0,61 4,84 

0,61 4,39 

0,61 3,76 

0,61 3,64 
0,61 3,20 

o,61 2,41 

0,61 2,12 

0,61 1,95 

0,61 1,73 

0,61 1,59 

0,61 1,42 

0,61 1,39 

0,61 1,14 

10,75 70,65
 

*Mise en production de Didon - Isis en 1982 
Wise en production de Dyrsa en 1984
 
t1ise en production de Hall El Menzel et Yasmina en 1985.
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COLLOQOU I.TERNATIOI'AL SUR LES ENERGIES ?OU!'ELLE 
20-25 Novemire 1978 - RABAT - I!AROC 

L'A tOMATISATOP DE L 'IRRIGATION PARLA CI,.LI.ASON DLU PO,:AG. SOLAIR:' E DLU SYSTEIPZ 
GOUTTE A GOUTTE 

Par S. EL AI!AMI 

I.- INTRODUCTIOn
 

La mobitisat'ion des eaux de La nappe phrgatique reprdsenteZa base du secteur irriguS en Tunisie. Cette mobitisation slest intensifide durant Za derniare ddcennie pour des raisons socio-dconomiqu s. Le nombre de puits de surface est passd de trcnte mile dquarante mille en cinq ans (1972-77).
 

L'extension 
 a touchJ les rdgions de 'intdfricur dont Lapratiquc de Z'irrigation est reLativemcnt rdcentc (Kairouan, Sidi-Bouzid, e Kef ... ) Dans ces ragions La dcncitd des puits rcstefaible et ne d4passe pas cinq puits au kilom~tre carr6. Par contrecette densit6 a augment6 dons les zones traditionnelleent irrigude(Le Cap-Bon, rdgion de Tunis, Sahel...) en passant de 30 c 45 puitsau kitom~tre carrd.
 

Dans ces 
r6gions Zittorates La motorisation du pompage estancienne. Pour Z'ensemble de La Tunisie La moitid des puits
dquipde actueZtement est
 en moteur Diesel de faible puissance, 

Rdcemment, dans te cadre du programme du ddvetoppcmant rural,L'dlectrification du pompage a touchd te quart des puits de surface. 

Cette 4 tectrification est surtout 
concentrgc dans
Zittorates d Zes zonesstructure viZLagecoise et poss~dant 
une forte densitd
 
de puits. 

Le plan quinquennaZ (1977-81) prdvoit 7''extensiontrification dc l'dLecpour englober La moitid environ du nombre total des puits. 

Le cout global de ce programme 
deest estimd d 23 millionsDinars (50 millions de dollars) pour expZcliter une source d 'nergie
conventionneLLe menacde 
du pdnurie dans Les 
dix anndcs qui viennent.
 

Dans cette note 
est e.:posd une autre alternative intdarant
Les technologies nouveZles adaptdes d 1'infrastructure hydrauliquedispersde et ddcentratisde pouvant rdaliser unc dconomwie d'eau etd'dnergie et une automatisation 
tion. 

simple de La prctiquc de Z'irriga-Sur le plan dconom.ique, il semble maine, comme it oct ddmontridans La conclusion, que 
ic pompage soZairc sera a moyen terme concurentiel par rapport d l'option 6lectrification classiqzec.
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12.- BUT 

n12:; 
En admettant que les obj-ctifa du PZan quinqucnnaZ concerZl'wZectrification des 
zonen rirales soient rdaZisds, iZ restetcu-*ours des zones 
d faibZe densitd de puits et 
a habitat dispers6


qa" n 
 seront pas touchds par
t:Zement cl-ns ce programme et qui se
d'er.tretien des probZ~mes d'approvisionnement ddbattent ac-,posds par la.motorisation par le 
en carburants e'Diesel.
 

Le but de l'expdrimentation ddmarrde cette annde par Ze
Centre de Recharche die Gdnie Rura! est 
de tester les tchniques
de pompage so Zaire dans 
ces zones isoldes.
 

Cette utilisation ne 
pourra 9tre rentable que par Z'intggration d'une technoZogie d'irrigation permettant une 
meilleure valorioxtion du metre cube d'eau pomvde. Le syst~mc goutte d goutte, an dco
nom sant Z' eau, permettra de multiplier par trois la superficie irrigu~e. En effet un litre pap scconde

irrguer qu'un hectare avec 

(N l/s) d'eau pompde qui no peu;Zes moyens conventiels permettra, ontroduisant le insystme goutte d goutte, d'en irriguer trois. 

Cette integration du cyjtame goutte d goutte pormcttra enfinune automisation de Zl'i)'rigatin. 

AppZiqude sur 
lee dix miule puits dispersds des rigions
arides cette combinaison pourrait impuZser le secteur irrigud et fair(doubZer Za supcrficie irrigude actueZloment par l'ensembZe des quarante milles puits existants.
 

III.- MATERIELS ET MIETHODE
 

L'irrigation goutte d goutte a fait Zl'objet depuis cinqde ,multiplesesscis commencds sur ans
les principales esp~ces arboricoles
mrditerrandenncs (oranger, olivier, pistachier, palmier-dattier) etdte-,due rdcemmont aux culturs maratchdres de primeur. 

Les premiers rds.ltats (S. EL AMAMT et N. UEN MECHLIA 1976)ont permis de ddterminer le 
taux de raticnnement sur agrumes qui
atteint Ze quart de 
Z'E.T.P. gazon. Cette technique supprime la notio
de fr4quence 
et de =cdence et permet V'irrigation permanente at quotidienne en fonction des besoins en cau de Za plante ddtermings expdrimentalement d partir de la rdfdrenae E.T.P. mesurds sur gazon. 

Dans Za condition de 
la Tunisie centrale a
rimentale de la station expd-Hendi Zitoun (7000 heures d'ensoleiZlement par an),po.pe unesoZaire fut inctalZde. Elle comprend 5 panneaux de 1,8 m2 chacun de 6 modules de cellules photovoltaques type SOLAR POWER ddveloppan; une puissance crete de 600 watts montds sur un support mgt-lquc C orientation manuelle vcariable 
en forction des 
saisons et un 
-
groupe motopompe ALTA 
S700 

type MO 12-25 (hauteur manomitrique 15 rntrest/nm). 

{l7
. ... 




Sch6rno..type d'instllation pompage solic' et irrigation 
goutto goutte sur puits de surface 

hlg E.r 

Moto-pompe 

III-If .1-* 

raeu soiaire 

/ Z, 

~-'~'Rieau~ goufte !!CU~!te 

PUitS 

b
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Les parformanca ,entionn~es par le fobr:icants sont do !00 
,../.,our avec ,in maxim:wn- dc 20 m3/h en pdriode de bon ensoleiZement. 
L'a,:3embZe ct. instalZd sur un r..servoir de 1000 ,m73 -imulant un puits
di urfacc ct d proxinitd d'' une ctation mttdorologiquc corplete avc. . 
7Ln h1jraphe type Campbell pour 1'enregistrement de la durde d'inro-_. 
Zaton. Il e3t prdvu Z' quipement de gotve d goutte avec une varia" 
te culture mra-tchdre et arboricu;'lure intcnsive sur trois hactar4-" 
(volr fig.1). 

Le dimensionnement ddfinitif de la parcelie irriguge sera 
fonction du ddbit rdel de la pomrpeaorreld avec tin ratio-: donnd de 
1z '..P. 

La mdthode d appliquer consistera d enregistrcr quotidienne
renst Z'heure du d4marrge et d'arret du systame et Za mesure da la 
quantitd global (Q) ponpc.. 

La durde de fonctionneme.nt de la pomp sera comparea la 
durde rdelae d'insolation. 

La quantitd q:otidienncment pomp4e (Q) aera d Za fois corrc* 
id avec le rayonnement global anregistrd (Rg) (station de Kairouan) 
et avec Za durde d'insolation. 

Ces mesures de Q = Fa (Rq) seront intdgrdes aux donndec 
acquises sur Z'E.T.P. comme fon:ction simple du rayonncment gZobal(PY 

Ainsi la fraction de Z'E.T.P. sera caldc avec le ddbit (Q) 
pour aboutir en ddfinitive au dimensionnement du pdrimdtre irrigid c 
Sl'automatisation du systame pompage solaie-irrigation. 

La correspondance de la demande hydrique des plantes et du 
rayonnement global fut 4tudide en Tunisie par Ze laboratoire de bio
clircztologie. Les rdsultats concernant deux stations encadrant la 
Tunisie du Csntre, l'une au io.d ( Tunis) et l'autre au Sud (Gabes), 
sont expos4 dans le paragraphe su-.ivant. 

III.- RESULTATS SUR L'E.T.P. EN FOCTION DE L'ENERGIE SOLAIRE 

L '6vartranspiration potentielie ddfinie comme Za consomm..a
tion d'eau d'un couvert vdgdtal continu et bien alirnte en eau, re
prdsente l'enveloppe des besoins des cultures.
 

Ella est mesur4e depuis quelques annes en Tunisie a traver 
un rdseau d'unc dizaire de statio;:s utilisant des lysinmdtres du type 
THOR11THWAITE couvertsde gazon Xilkuyu. 

http:fonctionneme.nt
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Los don7!6es de Rayonn~ment gtoba cnregistr~cs par la Mtdorotogie nationaled Tunis ct C Gabes ont. tJ correZaes avoc tes moyen
nes meensucltes de 1'E.T.?. .iournaicrc en m- par jour.

mme unitg a dtd utilisieo:urLa Zo raonn global. ( o)ement 
It existe une bcnne correlaion (vot fig ') entr. Rg ctE.T.P. d Tunis at Lsd Gab-.s. droites de rcgrcasion ont pour dquation. 

E.T.P. = 
0,6 Pg - 0,95 a Tunis 
rmlj mmlj 
Coefficient de correlation = 096 

E.T.P. = 0,64 Rg  1,01 a Gab~s 
mm/j mm/j 

Coefficient de correlation = 0.98
 

i'e disposant pas de meaures d'E.T.P. la rdgion de lfairouan se trouve
dans Line position mrdiane 
entre Tunis et Gabes, las coeofficcnts de
Z'dquation da regression peuvenc 6trc assimil~s aux moyennes arith
mdtiques de ceux de ccc 
deux stations.
 

1'. - CONCLUSION 

La tendance actuetl VCrs 1 'extension des puits dc svrface

doit 9tre renforc~e et encouragqe car eZle reprdscntc une decentralisation de l'infrastructure hydraulique qui 
est adapt~e Za mobilisa
tion de l'dnergie sotairc. Cette mobilisation par to pornpago d faible
ddbit ne pourra 9tre vaZorisde que par 1'intdgration du systeme goutte
 
a goutte.
 

L'cdquipement do dix mille puits en pompage sotaire cxigera un
investissement 
 de cent millions de dollars (20 4/ le watt) et 1'ins
tattation de 80.000 m.,2 
 de capteurs photovottatques.
 

L'utitisation ndcessaire du goutte d goutte sur Zes cent miZle

hectares demandera te 
m~me montant d'investissement.
 

Ainsi 
avec deux cent millions de dollars (l'dquivaZent du coatdu barrage Sidi Saad), 
it sera possible de doubler Za superficie irrigude actueZte en 
cr~ant un noyau de"poirte" economisant at l'dnergie
et Z 'eau. 

Cot investisscment ramend a t ectare (2000 dollars/ha) est
immddiatement concurentiet par rapport e celui mobitis6 darts los
grandes barrages. Cetui 
de Sidi Saad coi.tera entre 20.000 ct 50.000

dollars 1'hectare soit dix fois plZus chcre dans 1'hyp*-thise la plus
optimiste. 

La statdgie hydraulique propo-dc d savoir Za mobilisation 
de la technologic de painte pour renforcer Zes puits do surface 
an fin 1'avantaco do stimuler los 

aura 
secteurs industrials nationaux tr~s 

avancs comme 
la p4trochimie et Z'6lectronique.
 

(1) pour fairs 6vaporer 1 mm d'ecu, it faut 59 catorics/cm2 environ. 

))i," 
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VII.- ANNEXES : TABLEAU I : RAYONNEMFEllT GLOBAL DE QUELQUES STATIONS EN TUNISIE 
EN Cariories/cn2/jouri (moLcnhlccl dc 1968-75) 6 

I 
T 

TUNIS 
 216 267 p357 
 452 90 6301 647 5841 460 1323 '271 9
 

AIRGUAN 251 309 399 476 484 623 613 1562 456 32 93 
 1
 

GABES 250 
 1 1 498 609 7 2
 

TABLEAU II EVAPOTRANSPIRATION POTENTIELLE MESUREE EN TUNISIE
 

cn mm/jour
 
,avic ,Fvrior Mare Avr l 
 Mai ,Juin JuAll. Aout Sept. O t.at Nov. Ddoembr,,
 

TUNIS 
(*yen e.6-2' 

1-- 7 ----1,,2 , 0 2,64 3,83 -,93 6,oo 6,8o 
 6,2o 44 47, 33 00 203, 
,. enaoG7.s 1 ,??
-------------------- 4,33I--------I-------- ------- -------- 1 1 ,I------- -------------- ---- i-----i----
* Gfoyennas62-73)1 1,77 2,18 ,3,16 4,33 "5,0 5,83 
 6,d2 6,10 4,5? 3,29 2,40 1 78
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