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TUnisia - Renewable Energy 

I. Summary and Demonstrations 

A. Purpose 

The project will assist the Government of Tunisia (GOT) 
to reduce dependence on fossil fuels a~d increase income 
opportunities in rural areas. This assistance will be 
concentrated in the following areas: 

- Developing GOT institutional capability to plan and 
implement renewable energy projects~ and 

- Introducing and testing renewable energy technologies 
in a rural area 

Bo Costs 

The project costs are: 

AID Grant 
Peace Corps 
GOT Financing* 

1,000,000 
93,000 

207,500 
Total $ 1,300,500 

*(In US $ equivalent at US $ 1 = TD 0.400) 

Co Description 

The project has two complementary activities: 
the demonstration of renewable energy technologies in a rural 
agricultural setting and various types of training to develop 
GOT capability to determine where, when and how renewable energy 
can be applied to the future. 

D. Beneficiairies 

The beneficiairies of the project fall into two groups: 
the village of Hasse El Frid who will use the energy supplied 
by the project and technicians and decision-makers in the GOT 
who will use the project activities to educate themselves about 
renewable energy technologies. 

E. Analyses 

The analyses in the project paper conclude that, given 



ita obj~ctiv.a, the project is technically, financially and 
aoc1Ally f ... ible and that pl~ing is sufficiently developed 
for tRpl ... ntation to begin. 

F. Implementation 

The GOT, operating through the Ministry of Industry, Mines 
and Energy (MIME) will be the implementor. MIME has delegated 
re.pon.ibility for project management to the Societ~ Tunisienne 
de l'Electricite et du Gaz (STEG), an agency within MIME. Other 
GOT a,encies and organizations, such as the Ministries of Agriculture; 
of Higher Education and Scientific Research; and of Public Health 
and the Governorate of Kasserine will participate where appropriate. 
The Peace Corps will provide technical assistance in mAnaging the 
project and training Tunisian counterparts. 

G. Statutory kequirements 

These have been met. See Annex 2 and 3. 

H. Recommendations 

It is recommended that the project, as explained in the project 
paper, be approved. As this is an experimental demonstration project, 
employing technology which is costly toclny, it is recommended that 
AID assistance be authorized under grant funding to the GOT. 

NOTE: The proj ect resulted from discussions bet~' ~n the GOT and 
USAID. Project development was coordinated by the Office of Energy, 
Development Support Bureau, AID/W, and NE/TECH. Development Sciences, 
Inc. (DSI) was involved closely in the development of technical 
aspects of the project. Much of the substance of the project 
paper, including annexes, includes or reflects material developed 
by DSI. Specific attribution is not maue in the body of themxt. 



I I. PROJECT BACKGROUND AND DESCRIPTION 

A. Background 

Relations between Tunisia and the United States are passing into 

a 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. the percent of the population 

falling below the absolute poverty line has decreased from 30 percent 

to 16 percent. The per capita income now exceeds $800. 1 Under these 

conditions, AID programs oriented toward human needs require a redefinition. 

Such a redefinition, of course, does not overlook the continuc1 existence 

of poverty in the declining fraction of the population, but it:akes 

account of the fact that the path of development is being well travelled, 

and begins to turn attention to alleviate threats that could reverse the 

successful course. 

Among the characteristics of a "mature ll relationship is that it is 

predicated on self-sufficie.1CY, mutual benefits, and an orientation tm'lard 

future deve10pments 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 increa~ing interest in private sector 

investments by American firms. Energy cooperation can be important in 

maintaining mutually beneficial relations bet'"een the tiVO countries, 

1. For an overview of basis statistics especially relevant to Agricultural 
Economic Development see: "Agribusiness Council, Inc. '; September 1978. 
This \'Iork is based on analysis by Herbert Steiner, U.S. Department of 
A!ijricul ture. \ 

2. For ~nalysis of the Tunisian economy, limited official access is granted 
for: "Tunisia Economic Position and Prospects of Tunisia II Review of the 
Fifth Development Plan, 1977-1981. World Bank Report N~. 1539-TUN, 
May 2, 1977. 

l 



especially in anticipating problems that might disturb Tunisia's development 

strategy. 

The improvement in world commodity prices in 1973-74 s especially in 

petroleum 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 planning efforts indicate 

that by 1935, current known reserves will not meet domestic needs and 

Tunisia will join the group of nations dependent on imported fossil 

fue1s. 1 The diesel and electric pumps being financed today, will, 

before their amortizat;cln period is finished, have to run on imported 

fuels that are not offset by petroleum exports. 

Recognizing t,lat dependence on fossil fuels will hamper severely 

economic growth in coming years, the GOT is looking seriously at 

alternative energy sources. The t1inistry of Energy has set a goal of 

meeting ten percent of national needs in 2020 by renewable energy sources. 

This goal is cirrently being exa~ined in an energy modelling effort 

under contract to Gordian Associates. Current projections indicate 

that by 2020 the equivalent of present consumption of fossil fuels will 

ha ve to be provi ded by rene\'Iab 1 e sou rces. 

Tunisian decisionmakers will have to determine when and where renewable 

energy sources can be used to support development programs. The proposed 

AID assistance is timely, for if significant amounts of substitute energy 

1. t4inistry of Industry. t4ines and Energy, Republic of Tunisia "Apercu 
Sur La Strategie De L'Energie De La Tunisie." 



forms are to be in place by 1990, orders will have to be p1 aced in the 

mid-1980s. If those decisions are to be informed by familiarity \'iith 

renewable energies, projects must begin now to pass through the design, 

construction, operation, and evaluation phases. 

Information concerning application of alternative energy sources and 

technologies is critical. Because of their high cost relative to tradi

tional sources, it is likely that a diminished level of supply (less 

electricity) will be provided until the economics of solar and wind 

sources become more favorable. Currently there is very little information 

on how to design solar and wind energy supply systems for rural villages. 

There are no proven design criteria used to size the solar panels, 

windmills, or battery storage systems. Thus, the wide variety of 

applications of su1ar and wind technologies suggested for a village in 

this project will develop design ~ata and help establish how much and 

for what period of time electricity and energy is needed in rural 

agricultural settings. The development of this type of data is very 

important to set the direction for the future of solar and wind uses. 

The AID assistance covers a limited area. To be most effective, 

it should be part of an overa11 energy assistance program, 'i/hether 

funded from bilateral or multilateral sources. This project is a 

first step which, if coordinated witr prop0sals and plans of other 

donors, could evolve into a broader effort by donor organizations to assist 

Tuniia meet its future energy needs. 

3 



B. Project Description: Goal and Purpose 

The goal ~f the project is to demontrate the economic, socia1 and 

technica1 value of alternative energy resources and technologies in 

assisting development and in improving the quality of life in Tunisia. 

The scope of the project is limited to selected areas of the economy 

and should be viewed as a first step in implementation of alternative 

energy sources for Tunisia's social and economic development programs. 

This project is designed to damonstrate the ability of alternative 

energy r-e50urces of sun and wind and alternative energy technologies to 

meet the energy needs of a village and its surrounding agricultural 

activities. 

The specific purpose of the project is to provide information to 

Tunisian decisionmakers that will assist them in relating economic 

and social development to energy availability. There is currently 

uncertainty whether sufficient energy will be available in the late 

1980s to fulfill economic development plans. Decline in supply of domestic 

oil as projected after 1989 is one of the causes for concern. Current 

thinking in the country suggests a future rel i ance on nuclear energy, 

but th~ financial implications of that alternative appear to be pro

hibitive at this time. Additional alternatives must be given con

sideration and this subproject is designed to provide information and 

experience with solar and wind renewable energy sources for rural 

economic development. 

An additional purpose of the project is to increase the understanding 

4 



of Tunisian decision makers of the limits and value of selected 

renewable energy technologies in order to give them the capacity to 

decide when and where they should be introduced into rural economic 

development programs. Renewable energy forms should also be evaluated 

for their applicability to the regional economic development program 

in Central Tunisia. 

Traditionally, rural ~lectrification involves extending the grid and 

offering electricity to a village. ~here electricity is available, 

its supply is essentially unlimited in time and in amount. The limits 

to its use are set by economics and what a family can afford. However, 

under this project, electricity will serve 0nly a part of the energy 

needs of the village; cooking, for examrle, will continueto be done with gas 

In outlying farms, energy sources will still be diesel, kerosene, 

wood and gas. Energy supplied by solar systems \·lill not have the same 

characteristics as that provided by a central grid. Energy available 

from a solar system will depend on the size and efficiency of the 

collector, the amount and intensity of sunlight~ the amount of storage 

capacity (batteries) and the demand or use rate. The system will be 

limited and thus its use must be regulated and limited by other than 

economic means. 

The testing and demonstration of an alternative energy system must 

be dor.e in a village where there are a variety of possible uses. Because 

alternative energy systems will be limited in their size, it is important 

to select a village where demand or use will grow beyond the capacity of 

the sys~em to test how both the system and the user can adapt to accommodate 

this characteristic. 



Subproject 1, District 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.faster 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 arboriculture. In Tunisia there are several 

possible fruit trees which can benefit from these technologies: orange, 

tangerine, lemon, apricot, fig, date, plum, peach, and pear. While drip 

irrigation may save some ten percent 0f the water used in 

normal surface irrigation when applied to mature fruit trees, savings may 

surpass sixty percent when used with seedlings and young trees due to the 

reduced diamter 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 are highly complementary. 

The second function uses well-developed solar thermal technology in 

conjunction with a passive solar greenhouse ~o permit increased crop yields 

and an extension of growing seasons. The crop planned for the demonstration 

project is tomatoes. The income benefits to the farmer are substantial. 

due to increased yields and higher prices which prevail in the off-season. 

An additional benefit may come from the furnishing of tomatoes to the 

canning industry; at present the tomato canning factory near El Kef 

works only during the summer months, ~hen crops are harvested. 



Currently, the use of greenhouses in Tunisia is limited since there 

is no means of storing heat during th~ day for release at night. In the 

project, several greenhouses would be equipped with solar thermal hot air 

collectors which would transfer heat to a storage system using natural 

convection currents. During the night this heat would be released. The 

system is designed so that the temperature will not fall below four degrees 

centigrade, the minimum allowable for tomatoes. 

The third function is designed to pump water for traditional irrigating 

practices, but not with fossil energy sourceS. Several pumping operations 

will be carried out with the use of wind and photovoltaics, creating 

familiarity with important future technologies. While wind w~s used before 

diesel pumps were introduced, its reintroduction with storage systems to 

provide light and power puts wind in the modern category. Photovoltaics, 

though not economically competitive at this time for larger uses, should 

eventually be affordable. Demonstration of their potential is necessary 

now so that the test period can be completed and technical feasibility 

established by the time costs become competitive . 

. The fourth function provides lighting to homes, institutions and 

businesses, as well as heat for an infirmary. The desire to minimize 

rural-urban irrigation and to concentrate people in villages in central 

Tunisia has resulted in a need for rural electrification to help make 

village life more attractive. Tunisian officials have noted that they 

could not expect increased yields through solar energy applications to 

agriculture if the peasants were leaving the country to go to Tunis. 

The design of Subproject 1 uses photovoltaic sources for light in village 



homes, stores, workshops. school and infirmary. S~lar collectors will be 

used for space heating in the infirmary where severe cold has hampered patient 

care. 

It will not be feasible to provide every home with lighting; for 60 houses 

150 watts ~'er house is planned. It should be noted, however, thdt even 

in areas presently served by the electric grid, few rural homes have 

any el~ctric lighting at all. In the smaller villages electricity 

generally is used for agricultural and commercial purposes. In Hassi El 

Frid not every home can afford electricity and it is expected to be some 

time until all 60 houses are connected. 

These four functions provide a breadth of experience that will give 

concrete expression to the planning of a renewable energy future. The 

variety of functions and technologies should provide information for 

extensive application. AID will be responsible for early introduction of 

techno'~gies that can have substantial impact lat~r. 

Subproject 2, Training in Alternative 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. 

The actions to be taken in the light of uncertainty of fossil fuel reserves 

and ability to offset rising petroleum costs are a r.atter of national risk 

assessment and the responsibility of the Tunisians. However, the technology 

characteristics and the issues surrounding the introduction of tech

nologies can be presented in an objective international setting. The 

training program outlined below a~ms at three different audiences in three 

discre~e programs so that pertinent information can be transferred. 



One audience, t;,t! high-level ~ureaucrats who manage energy production 

or who are responsible for managing high levels of consumption, will be 

offered a short. intensive course. Another group, their immediate 

subordinates, will be offered a somewhat longer course so they may carry 

out their duties at the technical level. Lastly, some specialized experts 

will be offered advanced training in the United States. 

All groups will be offered an opportunity to participate at some 

point in Subproject 1, District App1icat~ons of Renewa~le Energy, so that 

they can achieve some practical ,exposure to the issues discussed. 

The management training will be sensitive to the existing system for 

making energy decisions. 

The renewable ener~y training is not the only training 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 training for the management audiences. 

With the credibility of th"e technology which should emerge from 

Subproject 1 and the training from Subproject 2, AID can expect that a 

relatively small effort will provide multiplying results. When the decisions 

on \'/hich renewable energy technologies to follow are taken, the Government 

of Tunisia will have had experi~nce with a variety of technologies 

put into place by this project. 

C. Eva I uation 

Regular annual project evaluations will be jointly held by the Government 

of Tunisia and AID. At such timethe following will be evaluated: a) progress toward 

attainment of the objectives of the project; b) identification of problem 

areas .or :onstraints \</hich may inhibit such attainment; c) recommendations 

for solutions to problems identified; d) to the degree feasible, progress 



toward attainment of overall development impact of the project; e) progress 

toward supplying project inputs and achievement of outputs." 
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III. A Relation to AID Otjectives in Tunisia 

This project will support the GOT's efforts to address the 
problems of the most disadvantaged sectors cf the population. 
In the FY 1981 ASS, USAID/Tunisia stated that two basic components 
characterize the dual th~ust of its assistance to this middle 
income country - one of them being technology transfer. This 
project as origin411y conceived formed part of the larger Science 
and Technology Phase II Project. However, with the extension 
of Phase I of that project and consequent delay of Phase II, 
this important effort would not have been initiated for an 
additiona year. ;he growing urgency which has been placed upon 
the examination of potential renewable energy sources by the GOT as 
Tunisia fuel reserves rapidly deplete resulted in the deve10pm~nt 
of renewable energy as a discrete project to be funded in FY 79. 

During its fifth development plan (1977-1981) the GOT seeks to 
accomplish four goals: full employment, social stability, increased 
standards of living and net food self-sufficiency. Although 
sub-project cannot have a significant impact upon the achievement 
of these goals in the short-term, its successful replication 
throughout the country will most certainly have an impact on all these 
goals. The provision of electricity will improve the standdrd of 
living in rural areas stemming some of the rural-urban migration; 
employment opportunities should increase in agriculture as growing 
seasons are extended through use of greenhouses and additional 
irrigation. Opportunities in small industry, particularly related 
to canning and preserving of increased agricultural produce, should 
be possible. 

Sub-project 2 seeks to institutionalize a decision-making 
capacity in energy within the country. This activity is extremely 
important in light of USAID's phase-out strategy as it will serve 
to strengthen the GOT's ability to continue its own scientific 
and technological development and apply the know1~dge gained to 
its social and economic problems. 

The Renewable Energy project is complementary to the USAID's 
activities in Central Tunisia - the other basic component of the 
Mission's program. This project is in Central Tunisia and the 
project site was chosen by the ~ission and the GOT for its 
proximity to the Central Tunisia Rural Development project and its 
potential for rep1icability throughout Tunisia. 



IIII 

TECHNICAL ANALYSIS SUMMARY 

A. Subproject 1. - District Energy Applications 

1. General Objectives and Expectations 

The most general objective for the District Energy Applications 

Subproject is the provision of energy for economic development. Because 

of actual and anticipated disruptions in the flow of ch~ap energy on 

which previous economic development in Tunisia 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 rationale is based on the desire to avoid 

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 purpose of Subproject 1. Distr1ct Energy Applications. is thus 

simply stated as an early demonstration of the utility of solar and wind 

technologies to provide an alternative base for continued rural economic 

development. The village and District of Hassi E1 Frid has been chosen 

as the site for this early demonstration. A number of technologies and 

applications are to be included which wi11 both benefit the people in 

the District and provide information on the technical, social, and economic 

utility of alternative energy sources. If these social and technological 

demonstrations prove successful. additional studies will be necessary 

to define where in Tunisia they can be replicated to return the most 

benefits. 



2. Description 

The village of Hassi E1 Frid (roughly translated as th! "on1y water 

source") (see Figure 18) is approached over passes through the mountains 

which separate it from the capital of the Governorate, Kasserine, in Central 

Tunisia (See Maps I and II). Approximately 45 kilometers by road from 

this modern town, the village of 80 families (600 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 large, 

flat plain which is surrounded by mountain barriers that inhibit the 

flow of people, goods, and services, and from the point of view of this 

demonstration, make central gri~ electrification prohibitively expensive. 

Annex 7 contains additional information on the village and district. Annex 

8 also contains cost estimates for providing central electrification to 

the village. 

The approach to the village is through fields which are occasionally 

covered by wild grasses (a1fa, used in the production of paper in a 

factory in Kasserine) but which otherwise are barren. Only at the point 

where a first distant view is had, through the buildings reflecting 

. the strong sunlight, do the lands become cultivated, primarily in forage 

crops, especially cactus. Agriculture ber.omes more intense as the village 

is approached; dry cereal production appears, then fruit and nut trees, 

and finally, with the appearance 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 
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valuable crops. As will be discussed inmore detail inthe technology
 

and economic annex, an expectation of the Ministry of Agriculture isthat
 

cereal yields are better inother parts of Tunisia, and that irrigation
 

should be used inthe interior to introduce new, more valuable, cropping
 

patterns, especially incertain truck farming vegetables: beans,
 

tomatoes, melons, and peppers.
 

To make the agricultural policy a reality inthe District Hassi
 

El Frid, photovoltaic panels will be placed inthe fields to power small
 

pumps for a few new wells. Th,. ultimate groundwater potential of the
 

plain iscurrently under investigation, but the proposed demonstration
 

enough to fit within the safe yield. Annex 9 contains
project issmall 


data on the major existing wells near the village of Hassi El Frid.
 

As a water and energy conservation measure, young fruit trees will
 

be watered by a system which combines photovoltaic panels and drip
 

irrigation. Evapotranspiration from the trees isgreatly influenced
 

by sunlight, and so isthe production of energy from the solar panels,
 

thus facilitating an equilibrium of water supply and demand.
 

Inaddition, the Agricultural Ministry would like to encourage
 

Passive
after-season growing of vegetables through the use of greenhouses. 


solar designs with active assists will be used to extend the growing
 

season and bring better prices and availability of vegetables inthe
 

winter season.
 

Inthe village the project activities will include relocation of
 

the existing village water supply. Currently, the well isopen and is
 

located almost 400 meters from the market place and houses. Drilling
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and covering a new well and providing storage at a location near the
 

school (see Figure 1) can avoid contamination and illness and
 

provide a more convenient supply point. Pumping from the well to
 

storage can be driven by solar energy.
 

Also, when the merchants in the market place 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 local tailor wanted
 

to replace the foot treadle sewing machines; a miller's flour mill
 

Whose gas engine was beyond repair and a gas-powered refrigerator which was
 

not working are candidates for electrification. 
The local repairman
 

neede 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 often had to condemn perishable foods in the summer, thus
 

indicated a need for refrigeration.
 

In sum, the time spent reviewing projected needs in the commercial
 

sector indicated that solar energy applied to workshop lighting, small
 

manufacturing and milling machines, and refrigeration would better
 

prepare merchants to service the weekly market and meet the daily needs
 

of the villagers. 
Thus, just as economic performance would improve
 

in the agricultural sector, the commerical sector also appears ready
 

for expansion through the application of renewable energy.
 

However, focusing entirely on direct economic productivity
 

will not suffice, for the population will leave the villages and contribute
 

to urban congestion unless amenities are provided in the village itself.
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This demand for amenities was emphasized by the village leader.
 

His Judgment for priority uses of energy were first, lighting for
 

homes; second, for communications devices, radios and television;
 

and only third, pumping power for wells and energy for the infirmary.
 

This ordering was poignant testimony to the need to apply renewable
 

energy to the daily life infrastructure that lay at the base 
of
 

economic productivity.
 

The project, therefore, includes power to provide 150 
watts
 

of electricity for each of 60 families, to be used by 
them for their
 

Wires will be run to blocs of individual homes from
 priority needs. 


a common bank of photovoltaic panels and energy will 
be provided from
 

This supply

storage batteries for approximately four hours 

a day. 


of the dema.d. As experience

of electrical service will not always meet all 


with the use of electricity grows and village growth 
continues the
 

demand will outstrip the supply. However, this is likely to be the
 

Thus,
 
case for any fixed photovoltaic and battery storage 

based system. 


Frid, the restriction in size and storage capacity of the
 in Hassi El 


system will cause the supply/demand imbalance 
to occur more rapidly.
 

While this condition is not often experiences with central grid supplied
 

systems it does occur with local diesel powered plants 
and will occur
 

Inthe beginning, the system will
 
more often with photovoltaic systems. 


have excess capacity and it will take many months before connections
 

and uses cause the demand to outstrip 
the supply.
 

Because the supply system cannot always 
meet the demand, two use
 

One control mechanism will involve
 
control mechanisms will be necessary. 
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limiting the nwber of corrections and the uses per connection.
 

Inthe village, no more than 60 households at 150 watts peak demand
 

per household can be accomodated. At first, fewer households and
 

a small peak wattage demand will be connected. As the connections grow,
 

the total residential system demand will be managed to produce no more than
 

I peak Kw of use. A second control mechanism which can be employed is
 

the number of hours of use per connection. At some point it isexpected
 

that with 60 house connections at an average of 150 watts per connection
 

and with the prevailing winter solar regime inHassi El Frid, the
 

system may only be able to provide 4 hours of use per day for the
 

residences. Actual experience with the system may prove that more electri

city will be available for a longer time.
 

The above-described individual uses of electricity in houses and
 

inthe market place will not satisfy all the typical needs found in
 

villages. Additionally, and very important to rural villages, are the public
 

places. 
 The public sites which are candidates for electrification (aside
 

from the previously mentioned public well) include lighting the school
 

for winter and night operations, lighting and power for radio/TV in
 

the party headquarters (which serves as a community center) and light
 

and power for the infirmary. The infirmary will also benefit from solar
 

hot air space heating and hot water for washing and patient care. Currently,
 

the infirmary isoften too cold to treat patients adequately. Lastly,
 

a small amount of regrigeration will be provided to store medicines.
 

These applications of electricity to education, health, and welfare
 

can dramatically change village life and make itmore attractive. 
 Itis
 

likely that, upon completion, the mosque also will be lighted.
 



-7-


Using the available sunlight and wind, through the medium of
 

renewable technology, Hassi El Frid will be the first solar and wind
 

powered village ina
developing country to demonstrate that rural economic
 

development can proceed inthe future, despite the unavailability of
 

fossil fuels. The village demonstration will show that rural life can
 

improve both-in economic productivity and basic amenities. 
The
 
demonstration will indicate technological feasibility, ifnot economic
 

feasibility, under current limited volume manufacturing costs and approaches
 

to solar technology. Current cost of oil also makes central grid and
 
diesel-based power less expensive, but the important part of this
 

demonstration isto provide Tunisian decision makers with actual
 

applications that show rural economic development can continue, even
 

after Tunisian oil 
reserves are depleted. This fact isby no means
 
now evident to Tunisian leaders. Inthe early eighties itwill be possible
 

to 
"visit" the future eighties by asking villager what life is like in
 

a renewable energy environment. Hassi El 
Frid will provide early
 

knowledge to help plan for the next generation of economic development
 

infrastructure.
 

The average solar radiation at Hassi 
El Frid isestimated to be
 
972 langleys and there are 3150 hours of sunlight per year. This is
 

approximately 5.5 Kwh/m2 of surface/day and 8.6 hours of sunlight per
 

days. Table 1 contains a summary of the planned solar and wind powered
 

applications inthe District. 
Table IIshows the characteristics of
 
the photovoltaic system to be used inthe village. 
More detailed data
 

for the five agricultural and village applications are found inthe
 

technical Annex 6.
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The details of the syste, i.e. whether there will be separate
 

battery storage groups dedicated to each sector inthe village or integrated
 

panel and battery storage and whether there will be only one system
 

will be decided during the engineering design phase of the project. The
 

following issues will also be resolved during the desigo phase:
 

-
The exact location and specific nature of the 5 agricultural
 

applications.
 

- The priorities for supplying the various sectors of the village
 

based on the depth of ('ischarge of the batteries.
 

- The management and operational plan for the system incase of
 

extreme meterological or use conditions.
 



Table I 

Planned Technology Applications and Uses in Hasse El Frid
 

NUMBER
 
TECHNOLOGY OF
 
APPLICATION INSTALLATIONS 


1. Wind driven (farm or 2 

aeromotor type windmill) 

mechanical well pumping 


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

3. Solar powered/regulated 2 

drip irrigation (photo-

voltaics) 


4. Solar derived electri- 4 
city (photovoltaics) 

5. Greenhouse with active 2 
solar hot air heating 

and wind powered mechan-

ical well pumping
 

6. Solar derived (photo-

voltaics) electrical 

system for priority 

public uses 


7. Solar derived (photo-

voltaics) electrical 

system for village com-

mercial uses
 

8. Solar derived (photo-

voltaics) electrical 
system for village
 
residential uses
 

LOCAT!ON/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 Hcctare
 
Farm outside village for
 
new/young fruit trees
 

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

Land near village and wells for 
growing winter vegetables and
 
protection against freezing
 

Heat, refrigeration, communication, 
lighting and power for infirmary, 
school, central village water 
provision and party headquarters 

Lignting, refrigeration, cooking
 
and mechanical power in village
 
center
 

Lighting, radio, TV and other
 
in-house uses.
 



TABLE II
 

SUMMARY OF ESTIMATED VILLAGE POWER NEEDS AND THE PROPOSED PHOTOVOL-
TAIC POWER SYSTEM. 

Village use : Estimated Demand : size 
Sector KWH/YEAR : Panels Peak Kw: Storage 

Amp-hours*- KWf: 

PUBLIC 1,600 4.0 334 

: COMMERCIAL 7,363 6.5 834 

* RESIDENTIAL 13,140 	 9.0 583 

TOTAL : 22,103 	 19.5 : 1,751 


* 	Storage in amp hours calculated assumming discrete storage systems for 

each village sector, 

* This value calculated based on a system voltage of 120 volts.
 

210 
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It has been decided that the distribution system will be
 

two-wire single phase 120 volt AC. Although DC power might be
 

appropriate for certain photovoltaic applications, the following
 

conditions favor the use of AC:
 

The remoteness of the village and the availability of AC
-


equipment and repair services in nearby villages dictates that
 

easily available (AC) home appliances and repair services
 

be built into the system.
 

- STEG, the Tunisian Government controlled utility, slipplies
 

AC power to all remote villages which are a part of their
 

rural electrification plan and will continue to do so.
 

- The variety of potential uses of power expected inthe village
 

favors alternating current.
 

The five agricultural applications plus the village project will cost
 

US $1.185 million (this figure includes AID, GOT, and Peace Corps cost
 

The two wind powered electricity installations (see table I)
estimates). 


are not scheduled for implementation until the second year of the project.
 

At present wind data for the site are not available and data for
 

surrounding areas indicate that wind driven electrification ispossible
 

However, since the wind regime ishighly influenced by
but marginal. 


the local topography and micro meteorology, the first project year will
 

be dedicated to collecting wind data and to selecting the most appropriate
 

site for these installations.
 

This village and agricultural solar demonstration subproject will
 

be managed by personnel from STEG who will be assisted by a project
 

The committee will include representatives from at least
committee. 




the following:
 

The Ministry of Industry, Mines and Energy
 

STEG
 

The village of Hassi El Frid
 

The Governorate of Kasserine
 

The Ministry of Agriculture
 

The Central Tunisia Project
 

USAID
 

To facilitate the start up and management of the subproject and the
 

transfer of routine management to STEG and the villagers, Peace Corps
 

volunteers will be utilized during the first two project years.
 

The subproject will be conducted inseveral phases. Phase I will
 

involve detailed project engineering design, preparation of specifications
 

requests for proposals and bidding documents. This phase will also
 

involve the village baseline socio-economic study. Phase IIwill
 

involve equipment supply, construction, operation and maintenance training
 

and startup and commissioning of the demonstrations. Phase III will
 

.involve operation, data collection and evaluation. The subproject will
 

cost $1,185,000 with 909,070 being an AID grant, $182,650 being
 

Tunisian counterpart funds, and $93,000 Peace Corps contributions. It
 

isexpected that the subproject technologies will be operable for many
 

years. Thus data and services from this demonstration will be derived
 

over a long period of time.
 

As the village population and electricity uses grow, it is possible
 

that the size of the systems will not be adequate. Ifthis occurs
 

'far enough inthe future (mid-1980) and the costs of photovoltaics decline
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as they are projected to, expasion of the system might be economic.
 

When this occurs the demonstration will have become socially, techno

logically and economically replicable.
 

B. Training inAlternative Energy Applications
 

1.General Objectives
 

There ismuch interest inalternative, renewable eiergy sources
 

inTunisia, on the part of both policy makers, and second echelon
 

technical personnel. This interest isfound within the Ministry of
 

Industry, Mines and Energy, the Ministry of Agriculture (Direction de
 

la Production Vegetale); the Centre de Recherche du Genie Rurale;
 

Societe Tunisienne de lElectricite et du Gas (STEG); Ecole Nationale
 

d'Ingenieurs de Tunis (ENIT); and Entreprise Tunisienne d'Activite
 

Petroliere (ETAP). 
 It isnot, however, built on a firm appreciation
 

for and understanding of the technologies involved, their economics, and
 

their practical application. Much of the information has been acquired
 

informally by Tunisians attending various international conferences.
 

Since gnerally only senior persons are able to attend such conferences,
 

information tends to be concentrated at the top. There islittle trickle
 

down of information and information may often be incomplete.
 

On the other hand, Tunisia possesses a cadre of engineers who are
 

well-trained intraditional energy sources and increasingly innuclear
 

technology. The Ministry of Agriculture has a 
number of able persons
 

with backgrounds in hydrology, agronomy and agricultural economy.
 

There isthus a 
basic stratum of technical and scientific ability which
 

could easily absorb knowledge about renewable energy.
 



Tunisian officials and AID personnel discussed the idea of
 

a training course inrenewable energy. Tunisia's fossil fuel reserves
 

willstart declining within a decade. Although nuclear energy is
 

still considered too expensive for Tunisia, and presents unknown
 

hazards, nuclear energy isbeing considered seriously. Renewable
 

energy islooked upon as a partial solution to the energy dilemma,
 

and it isfelt that more understanding of it isneeded. The need for
 

training inrenewable energy exists at two distinct levels: At the
 

policy level, there is a need to develop an appreciaticn of what
 

renewable energy can contribute to Tunis's development and future energy
 

needs, as well as an understanding of present and projected costs. At
 

the technical level, engineers, economists, and various development
 

officials need a complete understanding of the technologies, their
 

costs, applications and manufacture. Officials at this level need access
 

to international sources of information, so that Tunisia can remain abreast
 

of the state of the art ineach technology.
 

2. Subproject 2 Description
 

On the basis of the above a training activity including a
 

renewable energy
renewable energy and energy policy course, a 


tions course, a solar desalinzation specialist
technologies and appli 


visit and a fellowship program has been developed.
 

one day
The Renewable Energy and Energy Policy course will be a 


course held outside Tunis and attended by up to 15 senior energy 
policymakers
 

The course isdesinged to create a broad-based
inthe Government. 


awareness of renewable energy and to stimulate consideration 
and use
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This course
 
of renewable energy where possible 

in development. 


cover a wide range of subjects 
and be presented by training
 

will 


personnel familiar with Tunisia's 
potential and expectations.
 

The renewable energy technologies 
and applications course will 

be
 

held inTunis and at the site 
of the demonstration project 

in Hassi
 

The course is scheduled for several hours 
each day over a
 

El Frid. 

Itwill
 

two week period, and is designed for up to 25 participants. 


provide bro'ad technical coverage of alternative energy 
sources which
 

This course is for senior technical
 
appear to have promise for 

Tunisia. 


A solar desalinization specialist
 

people in various government Ministries. 


will visit Tunisia for 5 
to 10 days to work with persons 

in the Govern-


The
 

ment to identify potential 
projects for further consideration. 


fellowship program for 3 
GOT appointees will involve 

four months
 

in the US at an educational 
institution studying various 

aspects of
 

energy planning and alternative 
energy technologies and applications.
 

The total training in the Alternative 
Energy Applications subproject
 

The first phase will involve 
formation
 

will be performed in four phases. 


of the training team and 
preparation of materials 

and will require
 

course
 
The second phase will include the actual 


four months. 


The first course inTunisia 
will include renewable
 

presentations. 


The second course, renewable 
energy tech

energy and energy policies. 


nologies and applications 
will be scheduled, after the 

district
 

cover fellow

applications subproject 
is underway. The third 

phase will 


ships for specialized training 
in the U.S. and will be scheduled 

following
 

the first two phases during 
the second project year.
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The training subproject will take place within the Ministry of
 

Industry, Energy and Mines, rather than within the Minstry of Education
 

or any of the institutes. Because the training will emphasize the
 

use of alternative energy forms and technologies to provide social
 

services and produce economic benefits, it will emphasize and focus
 

on applications rather than on the technologies and their performance.
 

This practical rather tahn theoretical emphasis suggests that the
 

training be handled by an arm of the Ministry of Energy, Mines and
 

Industry rather than an educational office. The Ministry of Education should
 

however, participate in the training. The current expectation is that
 

training will be under the supervision of ETAP which has a technology
 

and applications training program.
 

The total cost of the training subproject will be $97,555. The
 

U.S. grant portion will be $90,930 and Tunisian counterpart contributions
 

will amount to $6,625.
 



III. 	C. Economic Analysis
 

A general goal of the project is 
to increase the
 

This energy can
 
availability of useful energy in 

rural areas. 


- pumping, lighting, heating,

be used for a variety of tasks 


- which result in better
 
mechanization, water purification, 

etc. 


health and living conditions. Energy production is not an end
 

in itself; we are concerned with 
the productive uses of energy.
 

can range 	from those
 
The benefits from increased energy 

use 


(pumping for irrigation) to general
 which are 	strictly economic 


societal benefits (education through improved lighting; 
improved
 

Energy
 
health from cleaner water, refrigeration, 

hot water). 


is only one imput into the system 
and the returns which are
 

it cannot always be identified 
to any
 

directly attributable to 


degree of relevance.
 

All the technologies included in 
the project will
 

yield economic benefits in at least the above-mentioned 
ways.
 

cases, using market or shadow 
prices, the economies can
 

In some 


be quantified, but in all cases 
qualitative benefits will accrue.
 

Except for the specialized training 
components, all benefits
 

will be felt directly in rural 
areas.
 

are
 
The benefits are differentiated 

by subproject, as 


each
 
the costs. Benefits also accrue from the total 

package as 


integrated effort reinforces the 
other; both gain strength from
 

In addition to this variety of
 
the Central Tunisian Project. 


sources of benefits, there are 
different types of benefits.
 

Some include traditional benefits 
of increasing agricultural
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productivity; other less tangible benefits are included in the
 

information gained to assist the transition away from fossil
 

fuels. Still others include the use of energy issues as the
 

subject area from which 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 quantita

tive and qualitative issues.
 

The first set of benefits associated with introduction
 

of renewable energy technologies occurs with Subproject 1 in
 

the village of Hassi El Frid both as 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. The necessary data is not
 

available to quantify the increased income to the farmer who will
 

be able to sell vegetables in the winter months. Nor can we
 

satisfactorily quantify the improvement of patient care in a
 

heated infirmary.(1) We can, however, approximate the increased
 

yield per hectare for agriculture that benefits from irrigation
 

and consequent crop changes both in the village and es a demon

stration for other villages.
 

(1)We can, to'some degreee, compare costs of achieving similar
 
benefits. This will be done below.
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Hassi 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 region has already been accomplished, (2) it
 

is not necessary to change assumptions on which the Central
 

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.
 

Based on data froi the Central Tunisia Project, the
 

increases in yield by irrigation and changes in cropping patterns
 

similar to those projected for Hassi El Frid should produce on
 

the order of a nine-fold increased in farm family income.(3)
 

Put solely in terms of increased yield of quintals of barley
 

and wheat from irrigation, projections for improvements in the
 

Central Tunisia Project area on the order of 100 percent improve

ment in three -,ears, with individual farmers improving their yields
 

400 percent or more. (4 ) The Tunisian government projections for
 

(2)Agricultural Development in Central Tunisia (U.S. Agency for
 
International Development Contract AID/afr-c-1139, July 1978).
 
An Assessment of the Agricultural Potential of Central Tunisia
 
(U.S. Agency for International Development, Contract AID/afr-c
1139, April 1978).

Small Holder Irrigation Development (U.S. Agency for International
 
Development, Project Number 644-0312.3).

Irrigation a Partir de Puits de Surface (Republique Tunisienne,
 
Secretariat d'Etat au Plan et a L'Economie Nationale).
 

(3)An Assessment of the Agricultural Potential of Central Tunisia,
 
op. cit., p. 90.
 

4)Aaricultural Development in Central Tunisia, op. cit., pp. 75-76
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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 conflicts with close-by electricity rather than for agri

cultural productivity. (6) The next step of analysis to be
 

accomplished in an engineering study will reveal more precise
 

costs, but it is unlikely 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. Central electrification and/or diesel
 

power could serve this village with more power and be economically
 

more competitive, but the alternative energy objectives of the
 

project would not be met by these sources so their use is irrelevant.
 

It is, however, relevant 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 diesel pump is TD800 ($1,900), fuel and lubricants
 

are estimated to be TD70 ($175) and annual maintenance TD
 

An alternative site visited by the team in Sers where the
 

availability of groundwater and major agricultural expansion
 

were more certain was rejected because (1) electrification
 
was close by; (2) it was out of the Central Tunisian admin

(3) the farming was done in dispersed
istrative structure; and 

individual farms anddid not provide the opportunity to demon
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($190).(9) The national cost of fuel and lubricants is under

reported for the subsidized cost to the farmer is reported to
 

be one-quarter of the export price Tunisia can get for its oil
 

on the world market. (10) 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. (11)
 

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 ned of the decade. This assump

tion 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 as follows:
 

10-Year Cost Annual Cost 

Capital Cost-Pump 
Operating Cost - 10 Years 
MaintenanceCost 

TOTAL 

$1,900 
2,789 
1900 

$6,589 

$190 
279 
190 

$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. The
 

comparison is not entirely accu*ate for the projected farm applica

tion includes some electrification. If a generator were added
 

to the diesel to make the services more comparable, the diesel
 

(9)Small Holder Irrigation Development, op. cit., p. 10
 

(10)This figure was mentioned orally by several energy officials
 

in the government.
 
(11)See Table in Annex.
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price might double. At that price the photovoltaic pump/
 

generator would still be twice that of the diesel. 
Thus, to
 

provide early information about the utility of solar energy for
 

village agricultural development, the subproject is probably
 

paying about twice the price of more conventional technology.
 

This ratio of twice the price for early experience
 

constitutes the economic issue of the subproject. If such pro

jects 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
 

is whether the additional cost today is worth the information
 

gained. We feel it is.
 

The subproject cost differential is actually only
 

grossly estimated here. 
 Since a grant is anticipated, the cost
 

of finance is not included. 
As the Tunisian estimates of
 

brining residential and commercial electricity to Hassi El Frid
 

and the neighboring area vary between $400,000 and $500,000 capital
 

costs, there is not accurate enough information to make a full
 

comparison. In any case, central electrification would bring
 

twice the capacity and perhaps increased reliability so that
 

simple cost comparisons do not account for differences in level
 

of service. 
The Tunisian capital cost estimated 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 photovol

taci application, a village scale diesel generator could be
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considered that would no doubt compete successfully at today's
 

prices with photovoltaic sources.
 

The issue is 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 it is 
recom

mended 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.
 



III D. Social Soundness Analysis
 

Tunisian social and political structure does not pose major
 

obstacles to Introducing new, more efficient technologies. Although
 

all the impolications of the new technologies may not be evident,
 

Tunisian officials, both national and local, as well as villagers
 

were receptive to their demonstration. As this is a demonstration
 

project geared primarily to understanding how the technology is
 

used, on-going socio-economic evaluation will be important.
 

The village of Hassi El Frid appears very receptive to the
 

technology. The project has been discussed at length with the
 

two ledding village officials: the Omda, a GOT appointee who reports
 

to the dele'gue of Kasserine (who in turn reports tothe Governor of
 

Kasserine) and the head of the local destourian (political party branch).
 

Both officials are highly respected in the village and are actively
 

involved in the development of their village.
 

The participation of the village is important because not every

one will benefit directly from the project. The villagers will have
 

to establish their own priorities for services (see Annex 7 for
 

further discussion). The project will benefit the whole village
 

indirectly by bringing electricity to certain public places such as
 

the school, infirmary, mosque and the community center. Improved
 

health care is a likely result.
 



III E. Administrative Summary
 

The Ministry of Industry, Mines and Energy has responsibility
 

within the GOT for coordinating all energy activities, conventional
 

and renewable. 
STEG has been delegated responsibility for project
 

by MIME. STEG will coordinate closely with the Ministry of Agri

culture and other concerned institutions in implementing the project.
 

Itwill establish a coordinating committee at the national level
 

and a working committee at the project site.
 



III F. Environmental Concerns
 

This project will have a limited impact on the environment.
 

Annex 4 discusses possible environmental effects.
 



IVA. Implementation Plan
 

This project will be a Host Country project with the USAID
 

Mission inTunisia providing assistance thruough the science and
 

technology advisor and staff and with AID Washington Near East Bureau
 

staff also contributing specific skills. Subproject 1 
- District
 

Application of Renewable Energy will be managed by the TI'nslian
 

Ministry of Industry, Mines and Energy with assistance from a U.S.
 

contractor. 
Subproject 2 Training inAlternative Energy Application-.
 

will be managed by the same Tunisian Ministry with the overall U.S.
 

contractor providing personnel and consultants.
 

The overall project will be phased such that portions of both
 

subprojects can be integrated. This arrangement minimizes duplication but
 

does not restrict progress inone project because a portion of the
 

other iseliminated or behind schedule. 
At this time itisanticipated
 

that if both subprojects are implemented some economies of scale can
 

be realized. The overall adminstration of the project at the USAID
 

Mission will be handled by the Science and Technology Advisor and his/her
 

Tunisian staff. The organization of the Tunisian project isdescribed
 

below.
 

Detailed implementation plans for project components are given in
 

the technical annex (Annex 6). Overall responsibility for managing the
 

project rests with the MInistry of Industry, Mines, and Energy (MIME).
 

Implementation of other components will be assigned by MIME to other
 

organizations either directly or through sub-committees or working
 

groups. (See Figure 1.) The more important participating organizations
 

.are STEG (electricity installation and village project operation)
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and the Ministry of Agriculture (extension services). Inas much
 

as STEG as an agency is primarily responsible for generating elec

tricity, it will turn to other government ministries and agencies, such as
 

Agriculture and Public Health, for assistance in implementing other
 

project components. A coordinating committee should be created for
 

this purpose.
 

A project officer will be appointed within STEG. Itwill be
 

that person's responsibility to coordinate the work of various organi

zations, to monitor the project and to assure that schedules are
 

adhered to and work is carried out within the scope of approved plans.
 

STEG will also appoint a site manager who will coordinate activities
 

in the district of Hassi El 
Frid on a daily basis. STEG will also be
 

responsible far ensuring that sufficient GOT funds are available to
 

carry out the activities of participating GOT ministries and agencies.
 

The Ministry of Industry, Mines and Energy alreauy has the
 

capability tu h-ndle both subprojects under this project. This is
 

especially true for Subproject I, the District Application of Renewable
 

Energy. This project requires the provision of energy to various 
 uses
 

in the District of Hassi El Frid. 
STEG is already responsible for
 

electricity planning and is equipped to implement the GOT rural elec

trification and power porgram. 
This responsibility includes consideration
 

of alternative energy resources and technologies. They also have a
 

cooperative program with the Ministry of Agriculture to supply low cost
 

diesel or electric water pumps to rural 
users and are owrking with them
 

to assure that both the need for pumping exists and that the pumping
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system matches the agricultural need.
 

In the training subproject STEG has an ongoing program at
 

the national engineering school (ENIT) to fund programs and supply
 

personnel to help inalternative energy capability development. STEG
 

also has an ongoing regional training center inwhich its employees
 

are traindd invarious aspects of the agencies work.
 

Ministry of Agriculture
 

The Ministry of Agriculture, through the Centre de Reserche
 

du Genie Rurale, will provide STEG with agricultural technical assis

tance. 
 Itwill be involved indesigning and monitoring the photovoltaic
 

powered drip irrigation (PPDI) system, the greenhouses, pumping
 

activities and in introducing new agricultural practices where
 

appropriate.
 

Coordinating Contractor
 

A coordinating contractor isneeded to provide a link between
 

MIME (STEG) and the United States energy community. The primary role
 

of the contractor will be to help make arrangements for study tours
 

.and for the timely provision of commodities and services. The contractor
 

will also assist STEG, where appropriate, inoverall project manage

ment.
 

USAID and other United States Government Agencies
 

USAID will assist the GOT inproject implementation, monitor the
 

project, provide necessary AID approvals, participate inevaluations,
 

and generally perform all the functions normally assoc4ated with
 

an AID monitoring role.
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The Peace Corps will provide at least two volunteers to work at the
 

project site with Tunisian counterparts. One volunteer will have an
 

electronics background; the other aa agricultural background.
 

The phasing of significant elements of both subprojects is seen
 

in Figure II. Within subprojects the following scheduling is anti

cipated: the District Alternative Energy Applications subproject
 

will have three phases; the Training Subproject will have four phases.
 

Phase I of the District Alternative Energy Applications Subproject
 

will involve detailed design, a sociological-anthropological study and
 

procurement of equipment. This phase will take nine months from the
 

start of the project. Phase IIwill include assembly and erection at
 

the subproject site and startup. This should take an additional five
 

months. Phase III will involve project operation and monitoring for
 

13 more months. AID funding is expected to be terminated by the end
 

of FY 81 due to changing emphasis in the overall AID program in Tunisia.
 

Mr. Laterie of STEG has indicated a willingness to assume complete
 

responsibility for the District Applications Subproject after this
 

time. AID can continue to disburse committed funds after 1981 but
 

presently no new funding is anticipated after this date.
 

The introduction of this technology to the District of Hassi El
 

Frid implies some instruction at the subproject level. The training
 

would take place beginning in Month 10 (Equipment Installation) of
 

the subproject, and would principally involve the farmers and villagers
 

using the technologies in various applications. The 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. The villagers should also be involved in the
 

village electrification application.
 

Agricultural use instruction in this subproject will be divided
 

into two stages. The first stage will be concerned with the techniques
 

of inspection, cleaning, maintenance and adjustment for the photovoltaic
 

power systems, pumps, filters, irrigation tubing, windmills, and electric
 

systems. This stage will last approximately two weeks, but will necessarily
 

be staged according to the progress of installation. 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 with the Central Tunisia Authority, begin to
 

sensitize the farmers to the agricultural changes which will have to be
 

made as early as Month 5 (During Engineering Design) of the subproject.
 

Thus the second-stage training mentioned above will be a summary and
 

reinforcement 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. The second
 

stage will be handled principally by the Peace Corps volunteers and the
 

STEG and Ministry of Agricultural personnel.
 

Inaddition to the foregoin, special training will have to be
 

offered with regard to the battery storage system. A local STEG
 

technician and a Peace Corps volunteer trained inelectronics 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, or from
 

the village system to an outlying installation, to take advantage
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of available excess solar or wind generating power.
 

Conversations have been held with USAID and the Peace Corps in
 

Tunis about the possibility of using Peace Corps volunteers to provide
 

electronics and agricultural technical assistance throughout the first
 

two years of the project. The Peace Corps Director inTunis has agreed
 

to ask for volunteers to participate inthis project.
 

Inthe AID contribution to the project there are funds for a
 

meteorological station (measurement of solar insolation, radiation,
 

wind and rainfall data). However, this station will not be supplied
 

until after the seventh month of the project. Inorder to collect
 

meteorological data earlier it isexpected that the GOT will provide
 

a tempurary station starting the third month and keep this on loan
 

to the project until the installation of the AID supplied station.
 

The one district application which isnot scheduled for immediate demon

stration isthe wind driven electrification of two farms. Based on
 

an evaluation of presently available data, the year-round winds
 

(intensity and duration) may not be sufficient to make Hassi El
 

Frid a reasonable place to demonstrate this technology. Thus, most
 

of the first year will be dedicated to collecting wind and other data.
 

At the end of one year a decision will be made as to whether the wind
 

electrification equipment purchased should be installed inthe District
 

or at some other place. The analysis of the existinn wind data did
 

identify that wind driven mechanical pumping was reasonable for the
 

area and this technology will be installed immediately.
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The training subproject will involve four components. Details
 

of the training courses are found inAnnex 6. The renewable energy
 

and energy policy course would be a one-day seminar for app-oximately
 

15 of the highest level GOT policy makers. This course will be held
 

inthe first year of the Project and the GOT participants will be
 

suggested by the Minister of Industry, Mines and Energy. An exact
 

date and place for the seminar will be chosen early in the project.
 

Details of this course are described more fully in technical Annex 6.
 

The Renewable Energy and Technology Applications course isscheduled
 

for the beginning of the second project year. Itwill involve ten
 

days of lectures three hours per day with a two-day visit to the Hassi
 

El Frid Project. The 25 participants will be drawn from the high technical
 

level of the various ministries involved inusing or relying on energy
 

intheir development programs. At least one representative should attend
 

from each such ministry. The exact date and location for this course
 

will be selected early in the project when the completion date of the
 

Hassi El Frid Applications is known.
 

The third training component will involve hiring an expert in
 

solar and alternative energy powered desalinization. This expert will
 

spend two weeks inTunisia working with personnel designated by the
 

Ministry of IME in studying and planning Tunisia' approach to
 

desalinization. A date for this trip istentatively scheduled for
 

October 1980; however, an earlier visit ispossible. Specific details
 

will be worked out once an expert ischosen.
 

The final training subproject component involves sending three
 

Tunisian Government employees to the United States for four months of
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training invarious aspects of Alternative Energy use and technology.
 

It issuggested that each trainee come from a different ministry.
 

The specific training program for each trainee will be worked out
 

by the trainee and the AID and Tunisian project managers.
 

There will be a good opportunity to collect data on a variety
 

of activities. The evaluation of this iroject is important
 

for many reaspons and should be thoroughly planned prior to the startup
 

of the Applications. The final decision on evaluation will be arrived
 

at by involving STEG, AID, Agriculture, ENIT, and the people inthe
 

District. Since the purpose of the project isto test whether, when,
 

and how the technologies are applicable inTunisia, data collection
 

is important. The AID personnel inDS/EY will be working on evaluation
 

plans for other similar projects and t;.Js their input will be helpful.
 

Because of this it isanticipated that they will work with the above

named entities to develop the approach and procedures necessary for
 

thorough evaluation.
 

Itmust be stressed that Hassi El Frid was chosen as a demonstration
 

site for several reasons. Thus, itmay not be the optimum site based
 

on any single criterion. Rather itis optimum when all are taken into
 

account. (See Annex 6 for a description of criteria used to select
 

the site.) For example, even though water issomewhat limited and it
 

isnot likely that large amounts of land inthe valley could be
 

irrigated by any technology, there is sufficient water to demonstrate
 

that the combination of solar energy and innovative agricultural practices
 

Frid isan optimum demonstration
.can be beneficial for Tunisia. Hassi El 
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area in that ithas enough of all the resources necessary to allow
 

the alternative energy technologies and applications to be accurately
 

and thoroughly tested. To expect or require that italso be an
 

ideal place to expand all these demonstrations to wide spread use
 

would not be realistic.
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IV. 

a. Financial Plan 

1. 	Intzoduction
 

Table 1 shows project costs by project components and category of assistance 

(e.g., technical assistance, training, equipment). Table 2 shows project 

costs by project year.
 

Detailed financial plans for each sub-project are provided in Annex 5. 

2. 	 Foreign Exchange (Local Currency) 

The summary tables do not break down costs into foreign exchange and local
 

currency. Host country local currency costs are broken down in Annex 5. All
 

AID funding is for foreign exchange costs except:
 

(a) 	 local transportation by short-term consultants on public carriers. 

(b) 	 local subsistence (per diem) of short-term consultants. Although 

this item will be disbursed in dollars, it will be used by consultants 

to purchase local acccnondations and food. 

(c) Workshops and other. These will be local costs, mostly for rent
 

of conference facilities, stenographic services, translation, duplication,
 

etc., incidental to energy training programs conducted in Tunisia.
 

On the GOT side, all financing will be for local currency costs except for
 

participant travel. This item will cost approximately $3000.
 

3. 	Contingency
 

The overall costs include $73,000 for contingencies This is necessary to
 

take care of unexpected technical difficulties uncovered during design phase.
 

This 	 sum will also cover any change in schedule of training activftieq. 
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4. GOT costs and comitments 

GOT costs are based on estimates provided by GOT officials. The costs
 

include GOT contributions for construction and equipment, salaries, 
 travel 

and per diem. Though discussed generally with GOT, these figures have not yet
 

been approved by the GOT. 

In a project such as this, it is difficult to capture fully all GOT costs
 

over the entire project. 
The GOT costs shown reflect only additional costs
 

which are directly attributable to new project activities. Additional GOT
 

support for the project will be provided fron existing ,and on-going budgets of
 

various departments.
 

The GOT contribution will have to be confirmed by the GOT's regular annual
 

budget review process. However, MIME, through STEG, has given a clear conmitment 

to cover GOT costs in the project. The project is considered a high visibility
 

project by STEG and, thus, there is reasonable certainty that the GOT will provide
 

all required support to ensure the AID inputs are fully productive.
 

5. Reasonableness and firmness of costs
 

On the basis of the above analysis and discussions, USAID concludes tha the
 

anticipatee costs of undertaking the project are reasonable, and that the
 

financial planning for the project is adequate. 



TABLE 1 

Financial Plan 
(us $ 000's) 

Sub-project 1 
District Energy 
%pplications 

1. Technical 
Assistance 

AID 
190.0 

GOT PEACE CORPS 
93.3 

TOTAL 
283.3 

2. Equipment 

3. Administration 

645.8 120.15 

50.00 

93.3 765.95 

50.00 

4. Contingency 

Subtotal 
73.27 

989.07 
12.5 

182.65 93.3 

85.77 

1185.02 

---------------------------- ------- - -
Sub-project 2 
Energy 
Training 

1. Technical 60.93 
Assistance 

---- -- -- -- -

60.930 

2. Training 
Subtotal 

30.00 
90.93 

6.625 
6.625 

30.625 
97.555 

Total 1 i000.00 189.275 93.3 1 1282.575 



TA 

Consultants 

Training 


Equipment 


Contingency 


Subtotal 


Peace Corps
 

TA 


Subtotal 


GOT
 

Salaries 


Participant Travel 


Facilities and 

Construction
 

Training 


Subtotal 


Total 


TABLE 2 

Financial Plan
 
By Category of Assistance 

(US $ '000's) 

PY 1 

169.58 

645.80
 

58.62 


874.00 


13.3 


13.3 


25 


150.15
 

.75 


175.9 


1063.2 


by Year 

PY 2 PY 3 

81.35 

30.00 

14.65 

126.00 

40.0 40.0 

40.0 40.0 

25 

4 

5.875 

34.875 

200.875 



IV. C. Evaluation
 

The District solar 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 to be gathered during the design phase of the
 
project. Because of the brief time which the Project paper design team
 
was able to spend at the site, it was not possible to collect all
 
the 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 input 
 (fertilizer, water, labor,
 
etc.) and production of each of the crops. 
Market prices and
 
costs associated with marketing will also be determined, so as
 
to fix the increase in farm income associated with each technology's
 

application on a farm.
 

Commercial uses will 
 also need baseline data. 
This
 
should be relatively easy to establish for food preservation
 
and for machine repair. Of particular interest, will be employ
ment creation opportunities which may arise from increased economic
 
activity (including cottage industry), though this is not a
 
specific objective of the subproject. Periodic visits to the
 
site should be made by the project officer to collate the agri

cultural data and to gather the commercial data.
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The social evaluation should measure periodically the
 

impact of the new technologies on the village. 
For this purpose,
 

a rural sociologist should visit the village, beginning with
 

the period of introduction of the new energy sources, to anduct
 

interviews with farmers, commercial persons, local officials and
 

residents. 
 It will be important to detect unfavorable aspects
 

of the technology introduction, particularly since certain
 

persons will enjoy economic and social benefits as a result of
 

the project. 
 It will also be useful to measure any increase in
 

satisfaction of the inhabitants with their environment after
 

electricity 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, as well as by limitations in its capa

city. 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 be the case 
if fossil fuel energy sources were
 

used.)
 

The technical functioning and maintenance of the energy
 

sources and distribution system (as well as associated equipment
 

such as pumps) is of major importance, and should be evaluated
 

every six months. Unanticipated problems doubtlessly will arise
 

with respect to maintenance, spare parts, and malfunctions. Like

wise, the reliability of the systems, i.e. their utility under site
 

climatological and wind conditions and the demands for energy,
 

must be included in the evaluation.
 



Finally, the reactions 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 the Central Tunisia Project managers.
 

It is to be hoped that their reactions will be favorable, and
 

that the subproject will provide much practical information on
 

the problems and prospects of renewable energy in a rural
 

development setting.
 

The results of the evaluations should be integrated
 

into series of followup reports, for the benefit of Tunisian
 

and United States Government officials.
 

USAID will work with STEG, Agriculture, ENIT and
 

the people of the district on the development of a detailed
 

evaluation plan in order that responsibility for individual data
 

collection tasks is shared. As mentioned in the Implementation
 

Plan, evaluation of this project is important not only for
 

Tunisia, but also for other AID renewable energy projects world

wide. DS/EY will be requested to participate in annual evaluations
 

so that their experience in other energy projects can be brought
 

to bear on this project.
 



PROJECT CHECKLIST
 

Listed below are statutory criteria applicable generally to projects with FAA
 
funds and project.criteria applicable to individual fund sources: Development
 
Assistance (with a subcategory for criteria applicable only to loans); and
 
Economic Support Fund.
 

CROSS REFERENCES: 	 IS COUNTRY CHECKLIST UP TO DATE? yes 
HAS STANDARD ITEM CHECKLIST BEEN REVIEWED FOR THIS PRODUCT? yes 

A. GENERAL CRITERIA FOR PROJECT 

1. FY 79 App. Act Unnumbered: FAA 
Sec. 653. (b): Sec. 634A. (a) Des-
cribe how Committees on Appropriations 

of Senate and House have been or will 

be notified concerning the project;
 
(b) is assistance within (Operational 

Year Budget) country or international
 
organization allocation reported to
 
Congress (or not more than $1
 
million over that figure)?
 

2. FAA Sec. 611(a) (1). Prior 

to obligation in excess of $100,000,
 
will there be (a) engineering,
 
financial, and other plans nec
cessary to carry out the assistance
 
and (b) a reasonably firm estimate
 
of the cost to the U.S. of the
 
assistance?
 

3. FAA Sec. 611(a) (2). If 

further legislative action is required 

within receipient country, what is
 
basis for reasonable expectation
 
that such action will be completed
 
in time to permit orderly accom
plishment of purpose of the
 
assistance?
 

1. (a) Project was not included in AID's 
1979 Congressional Presentation. 
Congressional notification for FY 1979
 
authorization will be necessary.
 

(b) assistance is not within 1797 04B.
 

2. Yes, see PP Sections III and IV.
 

3. No further legislative action
 
required.
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4. N/A

A. 4. FAA Sec. 611(b); FY 79 Aol. Act 


Sect. 101. 
 If for water or water

related land resource construction, has
 

project met the standards and criteria
 

as per the Principles and Standards
 
for Planning Water and Related Land
 

Resources dated October 25, 1973?
 

5. FAA Sec. 611(e). If project is capital 5. N/A
 

assistance (e.g., construction), and all
 

U.S. assistance for it will exceed $1
 

million, has Mission Director certified
 

and Regional Assistant Administrator
 

taken into consideration the country's
 

capability effectively to maintain
 

and utilize the project?
 

The rest of the question

6. 	FAA Sec. 209. Is project susceptible 6. No. 


therefore's not applicable.
of execution as part of regional or 

If so why is
multilateral project? 


project not so executed? Information
 

and conclusion whether assistance will
 

encourage regional development programs.
 

7. This is a demonstration activity; it
 
7. FAA Sec. 601(a). Information and 


will not affect international trade or
 conclusions whether project will encourage 

(a) increase strengthen free labor unions; it will
 efforts of the country to: 


support efforts to improve technical
 the flow of international trade; (b) 

efficiency of industry, agriculture and
 foster private initiative and competition; 

commerce.
(c) encourage development and use of 


cooperatives, credit unions, and savings
 

and loan associations; (d) eiscourage
 

monopolistic practice-: ( ) improve
 
technical efficiency of industry, agri

culture and commerce; and (f) strengthen
 

free labor unions.
 

8. Most of the offshore procurement

8. 	FAA Sec. 601(b). Information and 


financed under this project will come
 conclusion on how project will encourage 


U.S. private trade and investment abroad 	 from the U.S.
 

and encourage private U.S. participation
 

in foreign assistance programs (including
 

use of private trade channels and the
 

services of U.S. private enterprise).
 

Sec. 636(h). Deqcribe 9. The cooperating country will
 
9. F-A Sec. 612(b); 


contribute all local construction
 steps taken to assure that, to the maximum 

extension services, and electrical
 extent possible, the country is con-


tributing local currencies to meet the hook-ups.
 

cost of contractual and other services,
 

and foreign currencies owned by the U.S.
 

are utilized to meet the cost of contrac

tual and other services.
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10. FAA Sec. 612(d). Does the U.S. own 10. Tunisia is a near excess currency 

excess foreign currency of the country country. Determination for use of U.S. 

and, if so, what arrangements have been currency will be part of the authorization.
 

made for its release?
 

11. FAA Sec. 601 (e). Will the project 11. Yes.
 
utilize competitive selection procedures
 
for the awarding of contracts, except
 
where applicable procurement rules allow
 
otherwise?
 

12. FY 79 App. Act Sec. 608. If 	 12. N/A
 
assistance is for the production of any
 
commodity for export, is the commodity
 
likely to be in surplus on world markets
 
at the time the resulting productive
 
capacity becomes operative, and is such
 
assistance likely to cause substantial
 
injury to U.S. producers of the same,
 
similar, or competing commodity?
 

B. FUNDING CRITERIA FOR PROJECT
 

1. 	Development Assistance Project
 
Criteria
 

a. 	FAA Sec. 102(b); 111: 113; 218a. 1. (a) The instutition-building
 
Extent to which activity will (a) effec- component of the project will not involve
 
tively involve the poor in development, directly or benefit the poor although
 
by extending access to economy at local it will contribute to increasing the
 
level, increasing labor-intensive pro- availability of renewable energy in
 
duction and the use of appropriate Tunisia; the rural technologies component
 
technology, spreading investment out from will involve the rural poor in testing
 
cities to small towns and rural areas, and adapting technologies in order to
 

and insuring wide participation of the improve Tunisia's rural energy system
 
poor in the benefits of development on a and inhance Tunisia's prospects for rural
 

sustained basis, using the appropriate development. (b) The project will contribut,
 

U.S. institutions; (b) help develop to the development of economic and social
 

cooperatives, especially by technical institutions and improve the health conditio
 

assistance, to assist rural and urban of the target population. (c) This is
 

poor to help themselves toward better life, essentially a self-help project involving
 

and otherwise encourage democratic Tunisian effort toward better use of
 

private and local governmental institutions; renewable energy sources. (d) The
 

(c) support the self-help efforts of devel- technologies involved, if proven practical,
 
oping countries; (d) promote the partici- will help the role of women through less
 

pation of women in the national economies labor requirement and improved sanitation
 

of developing countiies and the improvement and health conditions. (e) A successful
 

of women's status; and (e) utilize and renewable energy program should be
 

encourage regional cooperation by emulated in the region.
 
developing countries?
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.1.b.
 

b. FM Sec. 103, 103A. 104, 105
 
161. Is ausiatance being madeavailable: 
 (include only applicable

paragraph which corresponds to 
source

of funds used. If more than one fund
 
source is used for project, include
 
relevant paragraph for each fund
 
source.)
 

1. (103) for agriculture, 
 1. N/A
rural development or nutrition; 
if so,
extent to which activity is specifically

designed to increase productivity and
income of rural poor; (103A) if for

agricultural research, is full account
 
taken of needs of small farmers;
 

2. (104) for population 
 2. N/A
planning under sec. 
104(b) or health under
 sec. 104(c); if so, extent to which

activity emphasizes low-cost, integrated

delivery systems for health, nutrition
 
and family planning for the poorest
people, with particular attention to
the needs of mothers and young children,

using paramedical and auxiliary medical

personnel, clinics and health posts,

commercial distribution systems and
 
other modes of community research;
 

3. (105) for education, public 
 3. N/A
administration, or human resources
 
development; if so, extent to which

activity strengthens nonformal education,

makes formal education more relevant,

especially for rural families and urban
 
poor, or strengthens management capability

of institutions enabling the poor to
 
participate in development;
 

4. (106) for technical assistance, 4. Yes.
energy, research, reconstruction, and
selected development problems; 
if so, extent
 
activity is:
 

(i) technical cooperation 
 4. (i) No.
and development, especially with U.S.
private and voluntary, or regional and

international development, organizations;
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B.1. b. (4). 

(ii) to help alleviate 4. (ii) The project is directed to the
energy problems; 
 better uses of renewable energy at the
 
rural level.
 

(iii) research into, and 
 4. (ii1) No.
 
evaluation of, economic development
 
processes and techniques;
 

(iv) reconstruction after 
 4. (iv) No.
 
natural or manmade disaster;
 

(v) for special development 4. (v) No.
 
problems, and to enable proper

utilization of earlier U.S. infrastructure,
 
etc,, assistance;
 

(vi) for programs of urban 4. (vi) No.

development, especially small labor
intensive enterprises, marketi.ng systems,

and financial or other institutions to
 
help urban poor participate ir,economic
 
and social development.
 

c. (107) is appropriate effort placed 
 c. Yes.
 
on use of appropriate technology?
 

d. FAA Sec. 110(a). Will the 
 d. No; recipient will provide all local
recipient country provide at least 25% of 
 construction, extension services and
the costs of the program, project, or electrical hook-ups. Major cost of
activity with respect to which the 
 project is photovoltaic system.

assistance is to be furnished (or has
 
the latter cost-sharing requirement

been waived for a "relatively least
developed"-country)?
 

e. FAA Sec. 110(b). Will grant e. 
No.
 
capital assistance be disbursed for
 
project over more than 3 years? 
 If so,

has justification satisfactory to the
 
Congress been made, and efforts for
 
other financing, or is the recipient
 
country "relatively least developed"?
 

f. FAA Sec. 281(b). Describe f. Insufficient renewable energy and the
extent to which program recognizes the 
 and the drain of increasing fossil fuel
particular needs, desires, and 
 imports will place on the Tunisian
capacities of the people of the country; 
 economy are serious constraints to rural
utilizes the country's intellectual 
 development. The demonstration activities
 resources to encourage institutional financed by this project will be
development; and supports civil education 
 implemented by Ministry of Industry,

and training in skills required for 
 Mines and Energy and other local

effective participation in governmental 
 institutions, such as the Government of
and political processes essential to self-
 Kasserine.
 
government.
 

http:marketi.ng
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B.1.b. (4). 

g. IAA.SeeJZI(b). Does the activity g. Yes.
 
give reasonable promise of contributing
 
to the development of economic resources,
 
or to the increase or productive
 
capacities and self-sustaining
 
economic growth? 

2. 	Development Assistance Project
 
Criteria (Loans Only)
 

a. 	FAA Sec. 122(b). Information and 2. (a) N/A

conclusion on capacity of the country to
 
repay the loan, including reasonableness
 
of repayment prospects.
 

b. 	FAA Sec. 620(d). If assistance is 2. (b) N/A

for 	any productive enterprise which will
 
compete in the U.S. with U.S. enterprise,

is there an agreement by the recipient
 
country to prevent export to the U.S.
 
of more than 20% of the enterprise's
 
annual production during the life of the
 
loan?
 

3. 	Proiect Criteria Solely for Economic
 
Support Fund
 

a. FAA Sec. 531(a). Will this 3. (a) N/A

assistance support promote economic or
 
political stability? To the extent
 
possible, does it reflect the policy
 
directions of section 102?
 

b. 	FAA Sec. 533. Will assistance 3. (b) N/A

under this chapter be used for military,
 
or paramilitary activities?
 



Annex 3.a
 

Request for Assistance
 

As AID Project No. 664-0300 Project Grant Agreement dated 
Nov. 23, 1977, and signed by the Directors of USAID/Tunisia,
the Tunisian Minister of Foreign Affairs and the U.S. AmbassEdor 
to Tunisia, sub-project of phase I of the Science and Technology
Development project includes assistance in the development of 

decision was made to procede with the development of separate
 

solar and wind energy (p. 5 Annex 1). 

With the decision to postpone initiation of Phase II resul
ting from the project evaluation (dated June 8, 1979), a 

renewable energy project. The GOT has verbally expressed its
 
desire for activity in this area and is in agreement with energy

activities as envisioned in the attached project paper. I
 
addition, attached are two letters from the Ministry of Foreign

Affairs dated June 28, 1979, in which the project's components
 
are discussed and the village selected.
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APPROVAL 

IN A NEAC MEETING ON JANUARY 30W'TH(E PID ON SCIENCE.AND4,
TECHNOLOGY, PHjASE IIWAS APPROVED." 3IT' WAS4 0 ENERALLY .AGREED
 
THAT SCIENCE AND TECHNOLOGY IS .A,HIGH PRIORITY.FOR- TUNISI.....
 
IN THE CONTEXT 'OF OUR. PLANS .THREOUGH 'ANDr 8EYOND 1981, BECWO>Q j'.
SE OF THE TECHNICAL COMPLEXITY OF ViE PROJECT; THE.WPWILLAcTINK 
RE APPROVED: IN AID/I. 9THE NEAC ASKED-TX'AT THE MISSION,:'AD +---""I RESS THlE FOLLOWING POINTS IN PREPARING THE PROJECT'PAPER. b 

1. THE ISSUE OF U.#S. PROJECTrMANAGEMENTWIUST BE ADDRESSEE ros
IN THE PP. IN ORDER TO AVOID HAVING To-,MANAGE AS MANY AS; ER 
SEVEN SUB-PROJECTS, THE MISSION IS-ASKED TO EXPLORE, I T
IMPLEMENTATION 'PLAN ',THE~PSIIIYO UIG9ASINGEHOST 
COUTRY CONTRACT. THE CONTRACTOR COULD BE GIVEN, ALL':BUT 
PASA IMPLEMENTATION RESPONSIBILITY IN BOTH THE U.S.- AND 
TUNISIA R1 
UNISIA FP 
~2, AS REr)(IIRED IN PID PREPARATION INSTRUCTIONS. PER, HANDBQ OK, cl0
3, CHAPTER 4, C3t PP, 4-5 THE MISSION IS REUST'"0 SBJT: 
BY CABLE FOR INCORPORATION INTO THE: PID A MORE! DETAILED PRE-~ FU C)'
LLIM INARY BUDGETFOR THE ,PHASE 1I: PROJECT INCLUDING, OSTJ 

'FINqANCEDIN FY79.., -WHILE PID,HAS BEEN 1,APPROVED RINCIP 1E,
ITM IS NOT, CLEARr"THAT COMPON EN TS.;WILL CO ST ,,QUT, ATIPROPOSED 

.*M 

' VELS''NORj~HAT ALL' PROPOSE EUB;,ROECSUND..EDO k
SECAOStE THE: 'ONOG -:.UBPROJECTS,: AV'CEElA Tj ITf

4EGCA USE 00~ND THER E~AR E.,N O'FY UD 

OJ ECTS £iS INCE ,NlD0S.pj50 
HE 'iJJT4P 6 T49 

SEtpO OTPJCSTP D1 ES 
T IO igOS 

~S~E-Pi~A IR .

v 
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CN:UNCLASSIFIED 

NO (3) "INFORMATION AND MANAGEMENT" BE CHANGED TO DATA /,,. 
AND THAT REMOTE SENSING BE TRANS-,.CCtLECTION AND MANAGEMENT 

ION AND AID/W SHOULD BE ALERT 

FERRED TO THAT CATEGORY, SINCE IT HAS WIDER THAN PURELY 
"" ENVIRONMENTAL APPLICATIONS. 

10. IN DEVELOPING AND IMPLEMENTING 
TO AND 

THE 
AWARE 

PROJECT, 
OF REL

THE 
ATED 

MISS-
OTHER-

DONOR ACTIVITY AND INTERESTS. 

II. THE MISSION IS REQUESTED TO SUBMIT A SCHEDULE OF EVEN-


TS FOR THE PREPARATION OF THE PP, INCLUDING' A TIMETABLE FOR 
THE ARRIVAL OF SPECIFIC TEAMS OR INDIVIDUAL EXPERTS, AN 
ESTIMATION OF THE KIND OF RESOURCES TO BE REQUESTED, WHEN
 

AND FOR HOW LONG. PRIMARY RESPONSIBILITY FOR PP PREPARA-


TION LIES WITH THE MISSION, BUT IT IS RECOGNIZED THAT LIMI-
TED AID/W HELP M.%Y BE NEEDED TO WORK WI'TH MISSION STAFF IN
 

PREPARING PORTIONS OF THE PACKAGE. THE PP SHOULD ALSO 
ADDRESS MISSION MANAGEMENT REQUIREMENTS FOR THE PROJECTS 

AND PRECISE PLANS FOR MEETING'SAME WITH THE DEPARTURE OF 
W.W. WILLIAMS. VANCE 
BT 
#2748 

UNCLASSIFIED.
 



Certification Pursuant to Section 611(e)
 
of the Foreign Assistance Act of 1961, As Amended
 

I, Robert W. Beckman, Acting Director, the 	principal officer of
 
the Agency for International Development in Tunisia, having taken
 
into account, among other things the maintenance and utilization
 
of projects in Tunisia previously financed or assisted by the
 
United States, do hereby certify that in my judgment Tunisia
 
has both the financial capability and the human resources capa
bility to effectively install, maintain and utilize the teqhnical
 
assistance project which consists of (a) demonstration of alter
native energy resource utilization in a rural Tunisian village
 
and (b) training in alternative energy applications.
 

This judgment is based upon general considerations discussed in
 
the project paper to which this certification is attached.
 

July 26, 1979 	 Robert eckman
 

Acting Director
 



Certification Pursuant to Section 611(e)of the Foreiqn Assistance -ct of 1961, As Amended 

I, Robert W. Beckman, Acting Director, the principal officer of
the Agency for International Development 
 in Tunisia, having takeninto account, among other things the maintenance and utilizationof projects in Tunisia previously financed or assisted by the
United States, do hereby certify that in my judgment Tunisia
has both the financial capability 
and the human reseurces capability to effectively install, maintain and utilize the technicalassistance project which consists of (a) demonstration of alternative energy resource utilization in a rural Tunisian village
and (b) training in alternative energy applications.
 

This judgment is based upon general considerations discussed inthe project paper to which this certification is attached. 

July 26, 1979 
 Robert W. Beckman
 

Acting Director
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PROJECT AUTHORIZATION 
AND REQUEST FOR ALLOTMENT OF FUNDS 

PART II 

Name Of Country: Tunisia Name of Project; Renewable Energy 

Number of Project: 664-0325
 

Pursuant to Part I, Chapter 1, Section 106 of the Foreign Assistance
 

Act of 1961, as amended, I hereby authorize a Grant to Tunisia (the
 

"Cooperating Country") of not to exceed One Million United States Dollars
 

($1,000,000) (the "Authorized Amount") to help in financing certain
 

foreign exchange and local currency costs of goods and services required
 

for the project as described below (the "Project").
 

The project consists of two sub-projects, each of which is designed
 

to promote the economic and social development of Tunisia. The sub-projects
 

and the amount of funding authorized and approved for each are as follows:
 

Sub-Project Authorized Amount Amount Approved 

District Energy Applications $ 909,070 $ 909,070 

Planning in Renewable Energy 
Applications $ 90,930 $ 90,930 

The entire amount of A.I.D. financing herein authorized will be
 

obligated when the Project Agreement is executed.
 

I hereby authorize the negotiation and execution of the Project
 

Agreement by the officer to whom such authority has been delegated in
 

accordance with A.I.D. regulations and Delegations of Authority subject to
 



-2

the following essential terms and covenants and major conditions; 

together with such other terms and conditions as A.I.D. may deem 

appropriate: 

a. Source and Origin of Goods and Services
 

Goods and services financed by A.I.D. under the Grant shall have
 

their source, origin and nationality in the Cooperating Country or in the
 

United States except as A.I.D. may otherwise agree in writing.
 

b. Initial Conditions Precedent
 

Prior to the Initial disbursement, or to the issuanc: .r the 

initial commitment documents under the Project Agreement, the Cooperating 

Country, except as A.I.D. may otherwise acree in writing, shall furnish 

in form and substance satisfactory to A.I.D.; 

1. Evidence that the Cooperating Country has provided
 

sufficient funds in its budget to finance the first year invest

ment, ororating and maintennce costs of the project including
 

staffing, physical facilities, vehicles and office equipment and
 

Cooperating Coungry project costs.
 

2. A statement of the names of the persons holding or acting
 

in the Office of the Cooperating Country and specimen signature of
 

each person specified in such statement.
 

Prior to initial disbursement for technical assistance services a
 

satisfactory executed contract must be negotiated.
 

c. Covenants
 

1. The Cooperating Country shall agree to provide any additional
 

assistance, in-kind or budgetary for cost not foreseen during the
 

design of the project but found to be necessary for the-successful
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completion of the project.
 

2. The Cooperating Country shall agree to participate in
 

annual project evaluation and additional evaluation meeting with
 

A.I.D. as necessary and as mutually agreed.
 

3. The Cooperating Country shall provide assurance to A.I.D.
 

that adequate budgetary and staff support for all project years
 

will be forthcoming.
 

Date
 



Initial Environmental Examination
 

Project Location : Tunisia 

Project Title : Renewable Energy Demonstration 

Funding : FY 79 - $400,000 

Life of Project : $1,000,000 

IEE Prepared By : Eric D.K. Melby Date: 25 July 1979 
AID/W - DS-EY 

Environmental Action Recommended: Negative Determination
 

Concurrence : 	Robert W. Beckman Date: 26 July 1979
 
Acting Mission Director
 

Assistant Administrator's Decision:
 

Approved:
 

Disapproved: 	 Date:
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Initial Environmental xamination
 

Project Location t Tunisia 

Project Title a Renewable Energy Demonstration 

Funding : FY 79 - $400,000 

Life of Project : $1,000,000 

IEE Prepared By : Eric D.K. Melby 
AID/W - DS-ZY 

Date: 25 July 1979 

Environmental Action Recommended: 
 Negative Determination
 

Concurrence Robert W. Beckman Date: 26 July 1979
 
Acting Mission Director
 

Assistant Administrator's Decision:
 

Approved:
 

Disapproved: Date:
 



Annex 4 

Examination of Nature, Scope and Magnitude of Environmental
I. 

Impact
 

A. Description of Project
 
The project involves demonstrating a range of small scale
 
solar, wind and agricultural technologies in a rural setting in
 
Tunisia. The purpose of the project is tL test the utility of
 
renewable energy technologies in meeting development goals in
 
Tunisia. The district of Hasse El Frid has been chosen as the
 

site for these demonstrations. All., of the demonstrations except
 

the village electrification are small and will directly affect one
 
less. The village
or two families and occupy 5 hectares or 


electrification system will occupy several hundred meters of land
 

and provide power to 600 people living and working in the village.
 

These demonstrations should have few, if any, negative impacts on
 

the environment. The potential impacts described in the following
 
can be readily seen, they are
paragraphs are possible and, as 


negligible. They can be further minimized with standard design
 

and operation procedures.
 

If the panels break, do not work or are decommissioned and
1. 

buried on site there could be a problem with some of the compounds
 

which make up the solar cells. These compounds include silicon,
 

gallium arsenide, cadmium sulfide which are toxic to humans if
 

The spent sulfuric acid from batteries is also toxic.
ingested. 

The disposal will involve only small amounts of materials; with
 A disposal
proper disposal environmental risks will be minimized. 

plan for these materials will be developed during the engineering
 

design phase of the project,
 

2. The largest installation, the village power plant, is capable
 This is
of generating approximately 24,000 watts of electricity. 

There is a potential for
equivalent to 167 amps at 120 volts. 


Because the amperage
electric shock, especially in the plant. 

and voltage will be low, there is a minimum risk of electrocution
 

This risk will be further minimized by proper plant design and
 

signs in French and Arabic noting the danger.
 

3. The project could require the drilling of up to 13 shallow 
wells
 

and the establishment of up to 20 hectares of newly irrigated
 
For the district size and acquifer, there
agricultural lands. 


was deemed to be an insignificant risk to the other water users.
 

The Tunisian agricultural personnel agreed that potential affects
 

on the elevation of the water table from this type of program werez
 

not significant.
 

4. The generation of electricity could produce localized inter

ference to radio and television reception; however, this can be
 
on site diesel
minimized and would be less than that produced by 


generation of the same amount of power.
 



IMPACT IDENTIFICATION AND EVALUATION FORM 

Impact 
Identification
 
and 

lmpueLi Areas, and Sub-arcas 1/ Evaluation 2/. 

A. lArD USE 

l. Changing the character of the land through: 

a. Increasing the population L 

N 
b. EAtracting natural resources ... . .N

c. Land clearing N 

d. Changing soil character 
__ N 

2. Altering natural defenses N 

3. Foreclosing important uses N 

I. Jeopardizing man or his works N 

5. Other factors
 

NONE 

B. WATER QUALITY
 

I. Physical state of water 	 N 

N
2. Chemical and biological states -

3. Ecological balance 	
N 

i. Other factors
 

NONE 

1/ Sce Fxplanatory otes for 	this form. 

/ Use the following symbols: 	 N - No environmental impact 
L - 7ittle environmental impact 
M - Moderate environmental impact 
H - High environmental impact 
U - Unknown enrironmental impact 

August 1976 



2 IM4PACT IDENTIFICATION AND EVALUATION FORM 

C. ATMOSPHERIC 

1. Air additives 
 N 

.. Air pollution N 

3. Noise pollution N 

4. Other factors
 

NONE
 

D. NAURAL RESOURCES 

1. Diversion, altered use of water . . . .. N 

2. Irreversible, inefficient commitments 
 N
 

3. Other factors
 

NONE 

E. CULTURAL 

1. Altering physical symbols -- N 

2. Dilution of cultural'traditions L 

3. Other factors 

NONE 

F. SOCIOECONOMIC 

1. Changes in economic/employment'patterns L 

2. Changes in population ---...... L 

3. Changes in cultural patterns -. L 

I. Other factors 

NONE 



WACT IDnfICATION AD EVALUATION FXRM 	 S 

0. MALTH. 
N

1. Chancing a natural environment 	 

2. Eliminating an ecosystem element -	 N 

3. Other factors 

9. 	GENRAL
 

. N.
N
impacts1. International 

L 
impacts -2. Controversial 

N. 
3. Larger program impact3 


Ii Other factors
 
NONE
 

., OTHER POSSIBLE IMPACTS (not listed above)
 

Prepared by: Eric D.K. Melby
 
AID/W - DS/EY
 

Project Location: Tunisia
 

Project Title: Tunisia-Renewable Energy
 

of Impacts.See.attached Discussion 
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Major Assumptions for Cost Estimating 

IteM 


I. 	Windmill - (farm type) 
Tower 
Pum s
WelT & storage 


2. 	Windmill - (electricity) 
Tower 
Alter-iator 

Battery 

Well & storage 


3. Solar Drip Irrigation -

Photovoltaic 

Plastic Pipe 

Variable Speed Pump 

Water 	Filter System 

Well & plants 


4. 	Solar Electricity
 
Photovoltaics 

Pump 

Batteries 

Alternator 

Well & storage 


5. 	Greenhouse & Wind 
***Windmill - farm type 

Pump 
Greenhouse 
Solar (air) collectors 

Well & storage 


6,7,8.
 
Village Solar Photovoltaics 

Batteries 

Alternator 

Distribution & metering 

Water 	well & storage 
Appliances etc. 


*To be provided by Tunisians as 


Price FOB USA 


$3000 

$1200 (10 i1) 

$1000 (estimated) 


$3000/peak Kw** 
$1000 
$ O0/Kw 
$ 50/Kwh 

I $10-12/peak watt 

33.3 /meter 

$1000 

350 Dinars in Tunisia 


$10-12/peak watt 

$1000 


$50/Kwh 

$I00/Kw 

$3000 


$1000 


$ 	750 

-

$10-12/peak watt 

$50/Kwh
 

$100/Kw 


$00 T
 
$20,000 Total 


part of their projects.
 

References
 

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

1: pg. 69
*
 
T
 

12: 	pg. 6 - 12
 
Es timated 

! 2: pg. 2-11 
11: pg. 82
 

' 	 * 

2 & 4
 
3
 
Estimated
 
Tunisian cost
 

2 & 4
 
Es timated
 
1: pg. 82
 
2 

, 	* 

1: pg. 78, 81
 

Estimated
 
Estimated
 
Estimated
 
* 

2 & 4
 

* 

Estimated
 

**Assuming approximately 30% efficiency of the windmill at average site wind 
speed the cost would be $10,000 per kw of useful energy. 

"wif power source is in plate or if 4 and 5 are combined costs may change. 

1. Policy Analysis Division, Brookhaven National Laboratory, Irrigation in Less
 
Developed Countries, March 1977.
 

2. Arthur D. Little, Inc., Distributed Energy Systems, a report prepared for
 
the U.S. Department of Energy, June 30, 1978. 

3. See Table VI, Annex VI, for reference (Rain Bird). 
4. NASA Technical Memorandum 79097 (revised) Photovoltaic Power Systems for Rural
 

Areas of Developing Countries, May 1, 1979, Lewis Research Center, NASA,
 
Cleveland, Ohio.
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TABLE I I
 

ESTIMATED MAJOR DISTRICT SUBPROJECT COSTS
 

APPLICATION 


3.1 	 Two wind driven 

pumping systems 

for farms 


3.2 	 Two wind driven 
electi'icity 

systems for 

farms 


3.3 	Two solar 

powered drip 

irrigation sys-

tems for farms 


AID AND USE PORTION
 

ELEMENT 


Windmills 

Towers 

Pumps 

Spare parts 

& tools
 

Miscellaneous 

components
 

Windmills 

Towers 

Batteries 

Alternators 

Pumps 

Mi ,cellaneous 


components

Spare parts 

& tools
 

Photovoltaic 

arrays
 

Pumps 

Water filtra-


tion 	systems
 
Drip irrigation 

pipes
 
Miscellaneous 


components
 
Spare parts 

& tools
 

NUMBER 


2 

2 

2 

-

2 
2 

-
2 
2 

-

2 


2 
2 


-

COST 
FOB USA TOTALS 

$6000 
$2500 
$2000 
$2000 

$2000 

$15000 

$20O, 
$1000 
$200 

$2000 
$2000 

$6000 

$34000 

$9600 

$2000 
$2000 

$3500 

$2000 

$6000 

$25600 

DEVELOPMENT SCIENCES INC



TABLE II (continued) 

COST 
APPLICATION ELEMENT NUMBER FOB USA TOTALS 

3.4 Four solar elec- Photovoltaic 4 $96000 
tric systems for array 
farms Batteries - $4000 

Pumps 
Alternators 

4 
4 

$4000 
$800 

Miscellaneous - $4000 
components 

Spare parts - $8000 
& tools 

116000 

3.5 Two greenhouse Greenhouses* 2 $20000 
solar heating 
and wind powered 

Windmill systems 
Solar hot air 

2 
4 

$15000 
$3000 

systems systems 
Miscellaneous - $2000 

components 
Spare parts $3000 
& tools 

$43000 

3.6a Solar derived Photovoltaic 1 $48000 
electricity for array 
public uses Batteries 

Alternator 
-
1 

$2000 
$4000 

Miscellaneous - $1000 
components 

Spare parts - $4000 
& tools 

$51000 

3.6b Solar derived Photovoltaic 1 $52800 
electricity for array 
commercial uses Batteries - $10000 

Alternator 1 $1000 
Miscellaneous - $2000 
components 

Spare parts - $6500 
& tools _$72300 

DEVELOPMENT SCIENCES INCr. 



TABLE II (continued)
 

COST
 

APPLICATION 	 ELEMENT NUMBER FOB USA TOTALS
 

3.6c Solar derived Photovoltaic 1 $144000 
electricity for array 
homes Batteries - $10000 

Alternator 1 $900 
Miscellaneous - $2000 

components 
Spare parts $9000 
& tools 

S$165900 

Total Project 	 Contingency $73270
 

Appliances, etc. 	 $20000
 

Transportation to Packing and ship
project site ping to Tunis $80000
 

Solar/wind/meteorol- Measure & record $15000
 
ogical data recording meteorological
 

data inHasse El
 
Frid
 

Detailed engineering

design of project 	 1-
$00000
 

Operation and main-	 Cost forstartup 
tenance 	 - $70000 

Evaluation 	 Monitor and
 
Sociologist $20000
 

Total Subproject 	 $909070
 

*Assumes glass greenhouses. If plastic can be used the cost will be less.
 

**The contingency is included to allow ,or 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 two additional months and trained Peace Corps volunteer (electronics)
 
on site for two years. Peace Corps costs are not included.
 

****This station will be used to replace a temporary installation setup by
 
the Tunisians to serve for the first six months of the project.
 

DIEVIrLOPMENT SC.I[NC[S INC. 



ANNEX 5 - FINANCIAL PLAN DETAILS
 

Village Applications
 

The costing of the District Energy Applications Subproject can be
 

performed by two methods. The first method involves making a large
 

number of assumptions concerni;.j pricing, availability and standard sizing
 

of commercially available units. These assumptions, wherever possible,
 

are also factored into the application design so that the components of
 

each technology are selected to be sensitive to costs and commercial
 

availability. The major additional assumptions used in calculating the
 

cost of each application this way are shown in Table I. Wherever
 

possible the most current FOB factory price of an element was used. 
 The
 

table also contains one of the references which was used to collect base
 

unit cost data for each major component of an application.
 

The unit cost data in Table I can then be used to estimate the total
 

technology application cost. The pre-engineering application cost estimate
 

by this method is summarized in Table II. The level of detail provided in
 

Table II 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 summary 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 ccntingency will allow for cost increases, items not included and
 

changes in the nature or expansions 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. This procedure produces an estZimated 



The Tunisian counterpart
cost of U.S. $916,000. 


costs can be estimated using data from Tables IV, V, VIII, 
IX, X, XIII
 

) and information from various sections in
 (Technical Annex Number 


contains the assumptions used in arriving
Technical Annex 6. Table IMI 


Table IV con
at the couterpart fund requirements for this subproject. 


The
 
tains cost data and estimates for the Tunisian share of the project. 


80,000 Dinars. This esti
estimated Tunisian counterpart costs are 


land costs, transportation
mate includes salaries of government personnel, 


or per diem costs.
 

Another method which can be used to check the 
above procedure is
 

to use gross cost factors. One factor is NASA's System Cost Factor for
 

a recent publication NASA officials
 Large Scale Photovoltaic Systems. In 


per peak Kw. The cost figure
system cost of $21
calculated a 1979 total 


includes battery storage, power conversion and 
transm ission, engineering,
 

For the village system of
 
installation, buildings and site preparation. 


20.9 peak kilowatt and using this factor the cost should be $428,000.
 

of $267,000 for the photovoltaics
Data in Table II shows a total 


This figure does not include costs for contingencies,
and battery storage. 


engineering, transportation, site preparation, distribution and metering.
 

to estimate what percentage of the contingencies,
It is not fruitful 


engineering etc. for the total project (as shown in Table II) is
 

associated with only the village electrification. 
However, it is worth

while to mention that major components are approximately 
63% of the total
 

costs, and this is in line with NASA's estimate for 
the balance of the
 

system (essentially everything but the panels).
 



Training
 

The training will be performed mostly in Tunisia using United
 

States personnel and cnnsultants. The only out of Tunisia training
 

involves short-term (4month ) visits to the United States. The cost
 

estimates for training are presented inTable V. The total AID costs
 

are $90,930 US and the Tunisian costs are $2,650 Dinars ($6,625 US),
 



TABLE III
 

MAJOR ASSUMPTIONS FOR ESTIMATING TUNISIAN COSTS
 

PRICE 	 REFERENCES
ZEC- ITEM 

TION
 

3.1 Water storage 50 Dinars/25 M3 1
 
2 Data project
80 	Dinars/M finished
Well 


80 	Dinars/M finished 2
 
3.2 Well 


50 	Dinars/26 M3 1

Water 


50 	Dinars/installation
Wiring and labor 	
I
 

80 	Dinars/M finished 2

3.3 Well 
 3


Plants and fertilizer 60 Dinars/hectare 


3.4 Well 	 80 Dinars/meter 2
 

fin i shed 
50 Dinars/2'5 M3 1

Storage 


80 	 Di nars/rveter 2
3.5 Well 


finisned
 
Water storage 50 Dinars/25 M3 1
 

Estimated
60 	Dinars labor and
Heat storage 

transport of rocks
 

80/meter completed 2

3.6 Well 
 1700 Dinars/l00 meters
Distribution lines 
 1
30 Dinars each
Power meters 
 16 Dinars/meter
Fencing 


Concrete foundations/ 2 Dinars/meter 2 1 

pads 1Wiring to buildings 1 Dinar 
1inside buildings 1 Dinar/meterWiring 1200 DinarsMotorcycle 1100 DinarsShortwave radio 
Estimated
6000 Dinars
Meteorological station 


1 	Data and estimates supplied by STEG personnel
 

2 	Data taken from AID documents including Small 
Holder Irrigation Development
 

Project paper
 

supplied by the Ministry cf Agriculture3 	 Data 



TABLE IV
 

ESTIMATED MAXIMUM MAJOR DISTRICT SUBPROJECT COSTS
 

TUNISIAN PORTION*
 

TOTALS
ELEMENTS COST AT SITE 

IN DINARS IN DINARS
SEC- APPLICATION 


TION 


3.1 	 Two wind driven pump- 2 wells 20 meters deep 3,200
 
100 3,300
ing systems for farms 2 storage tanks 25 M 


3.2 	 Two wind driven 2 wells 20 meters deep 3,2C0
 
100
electricity systems 2 storage tanks 25 M3 


for farms Wiring and labor 100 3,400
 

3.3 	 Two solar powered drip 2 wells 20 meters deep 3,200
 

irrigation systems Plants and fertilizer 300 3,500
 
for 6 hectare
 

3.4 	 Four solar electric 4 wells 20 meters deep 6,400
 
200 6,600
systems for farms 4 storage tanks 25 M3 


3.5 	 Two greenhouse instal- 2 wells 20 meters deep 3,200
 

lations 2 storage tanks 25 M3 100
 
Rock heat storage 60 3,360
 

1,600
3.6 	 Village solar photo- Well 20 meters deep 

2500 meter power 17,500
voltaic system 


distribution lines
 
100 power meters 3,000
 
600 maters of fencing 3,000
 
500 14 pads & concrete 1,000
 
1000 meters wiring to 1,000
 
buildings
 

500 meters wiring 500
 
inside building 

Motorcycle and short- 300 27,900
 
wave radio
 

6,000
Meteorological station 

6,000
Contingency 


Project administration (salaries, benefits, overhead)
 
20,000
10,000/yr 


80,000
TOTAL 


It is possible that not all the wells included in the above estimate will
 * 
hp npcessarv.
 



TABLE V
 

ESTIMATE OF US COSTS FOR TRAINING
 

A. InTunisia Training
 

1) Renewable Energy and Energy Policy
 
Course preparation
 
2 personsxlO days @ $400/day $ 8,000
 
Course presentation 5,600
 
2 persons x 7 days @ $400/day
 

Maintenance, 14 days @ $70 980
 
$14,580
 

2) Renewable Energy Technologies and
 
Appl i cations 

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 
I 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 B$400/day 800
 

Maintenance, 5 days @ $70/day 350
 

$ 3,150 
4) Miscellaneous Costs k'rental or projectors,
 

printing, etc.)
 
$ 5,000 

$ 5,000 

DEVKLOPMKNT SCIENCES INC. 



TABLE V (continued)
 

5) International Transportation
 

6 round trips U.S.-Tunisia @$1,000 6,000
 

6 ,O00 

.... 60,930
.... ...............
TOTAL OVERSEAS TRAINING 


B. In-United States Training
 

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

$30,000
 

.$90,930
.................
TOTAL TRAINING ...... 


O[VELOPMIN' SCIENC S INC_ 



TABLE VI
 

ESTIMATED GOT COSTS FOR TRAINING SUBPROJECT
 

Element Cost (TD)
Actiity 


$ 300

1. Senior Energy Seminar Per diem for 15 


participants
 

$1,000
Per diem for 25
2. Renewable Energy Tech-

nologies and Applica- participants (2days)
 

tions Course
 

Travel for 3 participants $1,350

3. U.S. Based Training 


$2,650
 

rvir.OIMENT SCKNCKES INC. 



-2-


Compared to the alternative of diesel generation, the solar

powered electricity generation system proposed in this project is
 
preferable. It is much quieter, produces no pollutants during

operation, is smaller in size and less unsightly.

The electricity and other source of power produced by the project

will improve the quantity of life at the project site, increase
 
productivity and improve health care and educational opportunities.
 

II. Recommendation for Environmental Action
 

A. Negative Determination is recommended
 



Annex 6 

Detailed Technical Annex
 

I. Summary: 

The objective of subproject 1 is to demonstrate the ability 

of solar and wind technology to perform work and supply the 

minimum services necessary in a village and in rural agricultural
 

settings. Table I shows the number and types of solar and wind
 
(See
technologies selected for application in Hassj El Frid. 


Figure 1 for general village layouts). ..... The subproject 

will have components located in various parts of the district 
of the applications and thus
study area. Exact sites for some 


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 des

cription and the general order presented in Table I.
 

II. Introduction
 

Eight separate types of technology applications have been
 

selected andin some cases,more than one installation is planned.
 

a wholeit would seem t9 be efficient and cost-effective
Viewed as 

to combine some of the demonstrations into single components, i.e.
 

plan one centrally located solar collector and storage center for
 

the village public, commercial and residential applications.
 

However, the purpose of the subproject is to demonstrate and
 

collect data on various applications in rural settings and not just
 

a total system. Therefore, in the village some way should be
 

devised to separately monitor and,if necessarycontrol electricity
 
At the
demand in the residential, commercial and public sectors. 


time of the detailed project engineering design the specific
 

mechanisms to accomplish this will be made part of the system.
 

At this time it is assumed that there can be one set of panels
 
There will,
and one set of batteries for all of the sectors. 


system to eachhowever, be a separate line from the storage 
It will thus be possible by metering these three lines
sector. 


demand and, if desirable,to know the instantaneous and cumulative 
to control the supply of electricity to a given sector. This
 

latter procedure may be necessary if the storage batteries
 
become discharged.
 

Much of the solar and wind data necessary to design the
 

agricultural and village demonstration is useful for more than one
 
prior to theapplication and is thus summarized and presented 

description of the applications. Figure 2 is a presentation
 

of solar radiation data by month at Kairouan, the closest
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Figure 2 

1977 Solar Energy Measured at Kairouan in Langleys 
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Table II 

Solar Radiation at Kairouan 

Month Solar Radiation2i 
Month Gram Cal/CM2/day KWH/M2 

Average 472 5.5 

June 698 8.1 

January 225 2.6 

The insolation value for Kairouan is 3150 hours per year which is
 
approximately 8.6 hours of sunlight per day.
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meteorological station. Table II summarizes this data as design
 
criteria. Figure 3 presents a wind rose for Kairouan. The
 
continuous meteorological,station at Kairouan was chosen to repre
sent the weather at Hass# El Frid on advice from Tunisian
 
meteorologists. Specific data pertinent for only one application
 
is presented in the section on that system.
 

III. Technical Details
 

The sizing of each of the eight technology systems was decided
 
by using information on the minimum amount of energy required


for a given task, the average size of t'anm or home, the priorities

established in village and region, the cost and reliability of
 
various technologies, etc. Thus the sizing is only preliminary and
 
will be adjusted or verified during the engineering design phase

of the project. For this reason, for example, the four solar
 
derived electricity applications, number four in Table I, could be
 
changed to three or.Stwo larger sized demonstrations. It is also
 
possible that the commercial demonstration, number 7 in Table I,
 
could be adjusted to provide electricity to more shops of the
 
same type or to different types. If this course is followed,
 
the sizing of the system could be increased. Additional costs,
 
availability of local equipment and improved meteorological data
 
could also dictate changes in the applications during the design
 
phase.
 

The selection of the district Hassi El Frid as a site for the
 
demonstration was made using the following general criteria developed 
-eut by AID and the Ministry of Industry Mines and Energy:
 

- Area must not be scheduled for electrification for at least
 

5 years
 

- Area should be in or near AID's Oentral Tunisia project area
 

- Area should have a mix of residential,commercial, public and
 
agricultural activities
 

- Water, and access to it should not be limited
 

- People in the area should be interested in participating in
 
the demonstration
 

- Area should be rural butaccessible to government services,
 
larger city and outside markets.
 



Several sites in the Centxal Tunisia Project area were
 
considered and finally the Governor of the Governorate of
 
Kasserine, the head of the Central Tunisia Project, the Chef
 
du Cabinet of the Ministry(MIME) and the Director of the AID
 
Mission agreed upon Hassi El Frid.
 

The following applications were designed in conjunction with
 
GOT personnel to meet the objectives and purposes of the project.

However, during the design and early phases of the project-it

is likely that some changes will be agreed upon in terms of number of
 
demonstrations, location and type or function of technology.

Therefore the following should be viewed as descriptions of highly

likely numbers and types of applications
 

III.l. Technical Details of a Wind Driven Mechanical Well Pumping

System for Forage and Wheat Irrigation
 

The efficiency of wind driven mechanical pumpin,- 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 regihe and alter the output of a wind powered pump.

The minimum (rule of thumb) requirement for successful application

of a wind driven (mechanical) pump is an average wind speed of
 
greater than 3 meters/second (optimally greater than 5 meters/second).

Pumping heads (dynamic) should also be less than 15 meters. If
 
these minimum conditions 
are met at a site and the water demand is
 
not too great (less than 50 liters/minute), mechanical wind
 
driven irrigation is simple and feasible. For the above-described
 
conditions, multibladed farm or aeromotor type wind machines
 
mounted on 10-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 and most 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.
 
Using tabulated data for 20,167 instantaneous observations (20

years) of velocity and direction at Kairouan taken at 6 a.m.,

12 noon, and 6 p.m. the numerical average of all wind spee.d

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 common in this semi-arid
 
region and thus the actual average wind velocity should be signi
ficantly higher. A data collection effort has been initiated in
 
this region by the National Meteorological service and at the
 



Table III
 

Traditional Supplemental Irrigation Water Requirements
 
for
 

Various Crops Grown in Central Tunisia
 

(Average M3/Month/Hectare)
 

CROP ____ 

Grain
Tomatoes*
Fruit Trees 


300 
300
-January 

300
-400
February 

600
300
400
March 

600
400
500
April 

900300
May 

11,200
June 


11,500
July 
-1,300


August 

600
1,000
500
September 

400
400


October 


November 


December
 

3,2J0
7,000
2,100
TOTAL 


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
 

.400 



time of project design much better site specific wind data will
 
be available. Actual sizing of windmills is a function of the
 
velocity cubed and not the average wind speed However, for
 
ease of understanding average wind speed is displayed and
 
discussed.
 

Under the conditions described above, a multibladed farm
 
type wind machine on a 10-meter tower with 3 to 4 meter diameter
 
blades could be expected to supply up to 1 liter/second or
 
43 m3 of water per day when pumping for at least 12 hours. Based
 
on the maximum amount of supplemental water needed for grain
 
shown in Table III (600 m3) and assuming a pumping rate of 1
 
liter/second and 12 hours/day of pumping, it would take 14 days

operation to supply the water necessary for 1 hectare of grain.
 
By adjusting the planting pattern and phasing the planting of
 
grain, the water need for a farm could be spread out. In this way,
 
a wind powered pump sized as above could possibly supply water
 
for two hectares of grain. Because all the design assumptions

have been very conservative it is anticipated that the wind
 
system shown in Figure 4 could serve at least 2 hectares of
 
land. For this subproject, two installations of the type

described 	in Figure 4 will be provided near the village.
 

The specific components of this project and the party respon
sible for their provision is shown in Table IV. The exact
 
details of the applications will be worked out during the
 
design phase of the project.
 

III. 	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, groundwater

conditions and general design assumptions for wind machine based
 
systems. Table V is a summary of these data and also includes
 
information about the wind/electricity systems. Annex 9 contains
 
additional data on wells and groundwater in the Hass. El Frid
 
district.
 

Preliminary indications are that both of the applications of
 
wind driven electrification 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
 



Fi gure 4 

Schematic Representation of Major Components
 

of the Wind Driven Mechanical Well 
Pumping
 

System for Forage and Wheat Irrigation
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TABLE IV 

DRIVEN MECHANICAL WELL PUMPING SYSTEMMAJOR COMPONENTS OF WIND 

ITEM NUMBER DESCRIPTION EKTITY SUPPLYING ITEM 

Windmill & 2 3-4 meter diameter, aero-motor AID 

Tower* type with lOm. steel tower 

25m 3 above ground storage tank GOT
2 


Storage
 
Water 


GOT/Farmer
2 	 im diameter hand dug concrete 


lined well
 
Well 


AID
2 	 1 l./sec
Pump 

Mechanical drive centrifugal
 

pump
 

OT
General 	erection, labor
Installation 

under supervision of U.S.
& Start-up 

contractor
System 


*It is assumed that tools and spare parts are included 
in this item.
 



Table V 

Summary of Site Specific Design Criteria • 

and Description of Major System 
Components 

VALUE
ITEM 


Average Wind 2.6 M/Sec 

velei 

velocity 


_ 12 M
Total system 

pumping head
 

- 150 watts - 4 hrsLighting
Electricity Uses 70 watts -Commnunication 
4 hrs 

- 0.4 hp/hectareIrrigation 
or 11 143 per 
two hectares 

pump type hp centrifugaland sanize a 
um -Y 


3-4 meter diametertype and size 3 blade1000 watt capacity 

machine

Wind 
 2atr batter sto rage2Khandq 

KW alternat ortor 
ann. Watentrapoimtl

A1lternator 


REMARKS
 

12 Hour average not
 
including night winds" 
which will increase
 
average
 

Alternating current
 

ar tl 
This is the- Iargest
 

siz p ractical 
Possibly aarooo 

type will be necessary 

Enough storage for 

approxmtl five days
iedy 

•Both demonstration sites will 
use design criteria and system 

components described
 

in this table.
 



project design phase when better wind data is available. A
 
system designed to supply 1 kw of electricity under optimum
 
wind conditions will provide sufficient power to irrigate at
 
least 2 hectares for wheat and during the months when supple
mental irrigation is not necessary (see Table III), lighting,
 
conanunication, entertainment and heating needs can be supplied.
 
Figure 5 is a schematic representation of the proposed system.
 
In addition to the equipment and ttr components shown in Table
 
V which will be supplied by AID for each of the two applications
 
the GOT or farmer will provide the following:
 

- Two nand dug, concrete lined, 1 rreter diameter wells
 

- Two 25 m3 above ground storage tanks
 

- Wiring to house from batteries and wiring inside the houses 

- Labor to install the systems
 

Because the technology for deriving electricity from the wind
 
is both newer and more expensive than that for wind driven
 
mechanical pumping and because it requires higher average wind
 
velocities2 the implementation of this application is scheduled
 
for the second year of the project During the first year wind
 
velocity - duration data will be collected in Hassi El Frid and
 
this will be used to calculate an appropriate mix of generation
 
capacity (windmill size) and storage capacity (amount of battery
 
storage).
 

III. 	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 o.... ter application to fr-ic 
or nut frees 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 rate would be 
determined in large measure by the solar energy received by the 
trees. 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 system in theory is expected to require the minimum
 



Figure 5 

Schematic Representation of Major 
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Figure 6 
Drip Irrigation Systemof the Photovoltaic Powered 

Schematic Representation of Major Components 
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amount of irrigation water for proper fruit tree irrigation.
 
Drip irrigation is especially efficient for newly planted and
 
young fruit trees with small root systems. For mature trees
 
with extensive root coverage spray irrigation is cost-competitive.
 
Table VI shows data comparing the effiziency of several types of
 
irr.--tion systems for young fruit trees.
 

The two photovoltaic powered drip irrigation systems (PPDI)
 
to be demonstrated are 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 Tunisia 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 be 500 M3
 
in April for fruit trees. It is expected that the PPDI system
 
will actually require only 33 to 50 percent as much irrigation
 
as conventional irrigation (see Table VI); however, the instan
taneous rate of application at any one time may 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 pumping rate for a three hectare
 
fruit tree orchard is calculated as approximately 4 M3/hour.
 

The maximum expected depth of water to be pumped in the
 
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 M head and 4 M3/hour flow will require a 0.33 hp variable speed
 
pump and 0.4 peak kilowatts of energy to run the pump. Using the
 
data in Figure 6 and Table VI at a maximum a solar array of
 
approximately 10 M2 will serve for the system. The system will
 
not include battery regulation or storage. The fluctuation of
 
power caused by variations in solar energy will simulate the
 
changes in evapotranspiration and the variable speed pump will
 
supply water as needed. Thus, not only is there no need for
 
battery storage but providing it would contrav the purpose

of the demonstration. Additionally, the system will require
 
water filtration to prevent pluggina of the holes by insoluble
 
solids (sand particles) irn the plastic drip irrigation pipe

through which water is delivered to the fruit trces. Table VII
 
contains data describing the preliminary layout of the fruit tree
 
orchard.
 

The above system is in fact a micro-irrigation application

requiring at most 0.33 hp.per 3 hectare orchard. Figure 6 summarizjes
 
the PPDI system showing size and function of the major components.
 



Tabl e 

A Comparison of Theoretical Efficiency 
of Vario'us
 

Irrigation Systems 

EXPECTED WATER USE FACTOR
 
FOR
 

NEWLY PLANTED FRUIT TREES
SYSTEM 


I. 0Well managed drip irrigation ------
system 


Average drip irrigation system 1.2 

Well managed sprinkler system 
1.3 

Well managed traditional ditch 1.5 
irrigation 
 1.8 
Average sprinkler system 

Average traditional ditch 2.9 
i rri gati on 

Data developed from information supplied 
in personal communica

tions with Mr. H. Gary Underhill, Vice President of Rain Bird,
 

Glendora, California (Rain Bird is a US 
company manufacturing
 

and selling drip and sprinkler irrigation 
systems).
 

how much water would
listed indicate approximatelyThe factors thus traditionalvarious irrigation systems,be required with times

irrigation will require approximately 2.9 as much as 

well managed drip irrigation. 



Table VII 

Drip Irrigation System 
Layout Per Hectare
 

Plot Dimelisions Tree S acm 
Tubing
Meters 

Mieters) 

100 by 100 16 - loo meter 
rows with 25 

1600 

trees per row 



This type of system is also expected to be applicable to vegetables

planted in the normal growing season and to winter vegetables

grown in greenhouses. The technical components of the PPDI
 
system include a first-year start of an orchard irrigation

demonstration. The demonstration should run for at least three
 
years. 
 Table VIII shows the principal components of the two

photovoltaic powered drip irrigation demonstrations.
 

Table VIII
 
Major components to be supplied as a part of the Photovoltaic
 

powered drip irrigation demonstrations.*
 

I ITEM ! NUMBER ! DESCRIPTION ! SUPPLIER I 
1 1 l I 
l Well 1 2 
 IHand dug, concret li-I GOT or Farmerl 

! ned, covered, 1 meterl I 
I !diameter I11 ! 1
 

Photovoltaic, Pump! ! 
 I I
Tubing water fil- ! 2 10.4 per kw array 50/1 I
 
ter I 
 !hour water filtrationl AID 

I !0.33 hp pump 5000 M I 1 
I 

• Idrip irrigation tubinq| I!
I 1 1 l 
Plants, Fertilizer! !
 
and Labor - !Young fruit trees I GOT or Farmerf
 

! ! (seedlings) for two-31 
! !hectares farms I 

It is assumed that tbe GOT will also provide agricultural advice

and that possibly a Peace Corps volunteer,with agricultural experience

will be working full time in Hassi El Frid.
 

III. 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 wind electrification systems (see Table V) also apply to these

photovoltaic applications. Additionally the solar energy data in
 
Table II and in Figure 2 can be used to design the solar-photovoltaic
 



electrification application in the study area.
 

The water pumping needs for this application include growing

vegetables and grain on four two to 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 project these choices can be
 
verified or changed. For this application it is possible that two
 
systems rather than the four currently suggested will be selected
 
and designed. If this is the case the planned photovoltaic capacity
 
not used could be switched to another application.
 

In this application the number of demonstrations is not as impor
tant as the conditions under which demonstrations are executed. If
 
costs for photovoltaics continue to decrease and costs for fuel and
 
traditional rural electrification continue to grow and if the demons
trations are successful discrete small scale power systems could
 
become an important tool in Tunisia's program to nhance life in
 
rural agricultural areas. These farm demonstrations of photovoltaics
 
are,therefore a very important part of the subproject. The number
 
of IF's above indicate that answers to many important questions can
 
be gained from this application.
 

From Table III the maximum expected supplemental w..ter demand
 
for a three-hectare farm with two hectares of grain and one hectare
 
of vegetables would be 2400 M3 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 other uses similar to those stipu
lated in the wind powered electrical system. The major system
 
components are approximately 30 M2 of photovoltaic collector (2 peak
 
kw), 20 kwh of battery storage and an alternator. Figure 7 is a
 
schematic representation of the system. Table IX shows the major
 
components of the systems to be supplied by AID and by GOT or private
 
sourc(. 

Table IX
 

Major components of the farm photovoltaic electrification
 
systems
 

ITEM . NUMBER ! DESCRIPTION ! SUPPLIER I 

Wells 4 !Hand dug,concrete li-I
 
!ned well with capaci-! I
 
!ty to supply max of I
 
110 M3 per 24 hour I
 
!period. I
 

! ! I
 



I 1 2 peak kw capacity I
IPhotovoltaic pan-

1 20 kwh battery stora4
tnels, battery sto- 1 


4 ! ge alternator-volta-! AID
Irage, pumps and po-! 

lwer conditioning I I ge regulator I
 

! 1 hp cen 	 !
Isystems 

|
1 I 1 


IStorage tank for ! I !
 
I GOT or 	Farmerl
Iwater 	 1 4 1 25 50 M3 


I 	 I II 

5. Technical Details of a System Comprised of a Greenhouse
III. 	
With Supplemental Nightime 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 green house for increased summer yield and to permit winter
 

vegetable cultivation using active solar hot air heating and heat
 

The heat storage will be provided through an underground
storage. 

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, minimum expected ambient temperature in the study
 

(OOC), heat transfer coefficient through greenhouse covering
area 

(very likely the 180 micron plastic available in Tunisia), maximum
 

wind velocity, minimum crop damage temperature (for tomatoes this
 

is 40C), and minimum expected solar radiation per 5 day period
 

would be 	required.
 

The preliminary design includes a 7 M wide 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, a preliminary evaluation of the available wind
 

velocity data indicates that windsover 17 M/sec are very iare.*
 

Additionally, greenhouse cultivation is practiced 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 micro
 

If the location of the two greenhouses to be tested in
plastic. 

the study area is carefully selected to shelter them from direct
 There
wind impact, plastic covering should withstand wind forces. 


is also a possibility of hail damage;however, it is expected 
that the
 

frequency of damaging hail in Hassj El Frid in no greater than on
 

the coast where plastic covered greenhouse are now in use. Specifics
 

to sizing, location covering material and layout will be decided
 as 

during the design phase of the project.
 

* This conclusion was __rrived at by reviewing general wind velocity 

and meteorologicaloUr a number of meteorological stations managed
 

by the Tunisian National Meteorological Service.
 



Fi gure 7 

Schematic Representation of Major Components of Photovoltaic Electrification 
for Farms
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The systems will be located in 	an area where the solar
radiation averages 472 cal/cm2/day (see Figure 2). Irrigation

water requirements for this winter vegetable project are conser
vatively figured as 10 percent of the requirements for 1 hectare
 
of vegetables in the sumner or(using Table III) 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 summer a year-round

water demand will need to be satisfied. For this reason either
 
a wind driven mechanical pumping system similar to that designed

in Subproject 1 will be provided,two of the photovoltaic pumping

systems from the previous application can be used, sites already

having diesel driven pumps of the appropriate capacity will be
 
selected or some combination of the above will be selected. Details
 
of typical installation 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
 
head 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 is

scheduled to be completed during the first phase of the project.

Figure 8 is a schematic representation of the major project

component. Table X contains details of the major components to be
 
supplied for these demonstrations.
 

Table X
 

Major Components of the greenhouse demonstrations 

ITEM 	 NUMBER I DESCRIPTION I SUPPLIER ! 
!Wells 2 	 !Existing or hand dug,! I 

!concrete lined with I GOT or Farmer' 
!capacity to supply I ! 
!maximum of 1 1/sec. !

I Water Storage 2 !25 M3 above ground ! 
I !tank IGOT

i Power Supply ! 2 !Windmills or photovol+ ! 
!taic with possibilityl GOT and AID I 
!of using existing I ! 

I !diesel I 
Greenhouse 1 2 !147 M2 plastic covered AID I
 

!greenhouse I I

i Solar hot air col-I !Wood frame-plastic I AID and GOT I

! lector and heat 	 !
Icovered collectors & I 	 l 
! storage 	 !
Istone filled heat re-I I
 

Iservoir i 
 I
 



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* 

Water for other
 

farm uses Kwh/M2/day
j5.5 

SOLAR ENERGY
 

2 of land Solar hot air 
-- 2.6 M/S -- 3-4 meter diameter 	 Water for summer 147 M

collectors
 
-P. Average multibladed 	 crop irrigation covered by a 

green house for for heating

Wind . farm type 

vegetables
_winterVelocity windmill 

Nigh ay 
water at Irrigation of 147 Heating Heating 

2 	 IM of winter vege-I/secdrive tables and othercentrifugal 
p ump summer crops 	 Stone filled
 

heat storage
 

T 	
J 

18-10 M deep well 

J
 
* 	 Possibly some existing diesel-driven pump or a previously described PV pumping system can be 

adapted to 

provide power. 



III. 6. Solar Powered Electrification in the Village of Hassi El 
Frid 

The village of Hassi El Frid and surrounding area described
 
elsewhere 	is shown in Figure 1. 
The village has 3 principal sectors
 
or components: 
(1) The centrally located public buildings such as the
 
school, infirmary and political agxty he dquarters, (2) the market

and commercial area and (3) theA °r~a. 
 In terms 	of the objectives

of the subprojectjit is important to assess the suitability of

photovoltaic power for each sector as well as 
for the total village.

Thus, the needs of each sector are assessed separately in the following

sections of this annex. 
A system is also sized for each sector hut
 

it is antipicated that the subproject as finally designed

will have one integrated set of panel and batteries to supply

electricity for the village. The separation for evaluation purposes
 
can be achieved by adopting one of the following mechanisms:
 

- Dedication of a portion of the battery storage solely to the 
separate sectors 

- Adoption of generation, storage or load management procedures 
which are 	different for each sector
 

- Monitoring of the supply and demand from each sector
 

- Differential control of the type and length of use of electricity

in the sectors
 

During the detailed phase of this subproject inal decisions

concerning the size of the photovoltaic array and the balance between
 
array size and battery storage will be made. 
At this time the social
 
anthropologist will also work with the villagers and the design

team to more accurately estimate the desire to use and ability to
 
pay for electricity. With this latter information a better estimate

of initial peak demand and daily system load will also be possible.

The major components supplied for each sector are summarized in
 
Table XIII found at the end of this Section.
 

III. 	6.A. Technical Details of a Solar Photovoltaic Electricity
 
System for Priority Public Uses
 

This part of the subproject is designed to provide electricity

to public building and to a new well. The electricity will be used
 
for lighting, refrigeration, recreation and education (TV and Radio
 
a public address system, water pumping and possibly for limited
 
space and water heating and cooking. Space and water heating may also
 
be supplied by solar thermal devices.
 

The existing public well is located approximately 400 meters from
the residential and commercial area of the village and has neither
 
a mechnical nor a manually operated pump. Because water is drawn
 



by bucket from the open well for animals, human drinking and other
 
uses, obtaining water is a slow and difficult process providing
 
many opportunities for contamination. Because of this and the
 
potential for pumping water to a centrally located storage tank
 
the following has been suggested:
 

- Dig a new covered well near the school and closer to the
 
infirmary and the central market place
 

- Provide an electrically driven 0.5 hp pump and a 2 meter
 
elevated storage tank (30 M3 capacity)
 

- Connect a gravity water supply line from the elevated tank
 
to the infirmary hot water tank and sink
 

- Allow the old public well to remain as a backup.
 

The school required lighting for classrooms and a kitchen/eating
 
area, heating for cooking and electricity for a radio and television.
 
The school presently has 200 children enrolled with 100 being served
 
a noon meal. Butane gas is now used to heat a soup or hot drink
 
(especially during the winter months). It is likely that electric
 
hot plate heating will not be an appropriate substitute for this gas.
 
However, this decision can be made during the final design of the
 
system. The infirmar& requires lighting and space heating for the
 
examination room/laboratory (winter), hot water,,refrigeration and
 
some mechanical tools. It is assumed that space heating for the
 
infirmary will be provided by a solar hot air system similar to the
 
one specified for the greenhouse. If this technology is selected
 
over electric heating during the design phase, the costing will be
 
adjusted downward somewhat. Hot water heating will require an under
round gravity pipe from.the newly located elevated storage tank
 
new well near the school, see Figure 1). The hot water heater
 

can be a small, open system with flat plate solar thermal panel
 
heating, can be electrically heated or both. Unless the water
 
supply solar hot water system required is found to be too
 
complicated during the design phase, this method will be selected.
 
The party headquarters could use lighting and electricity for a
 

radio and television. Both could serve a central community need for
 
The mosque now under construction
communications and entertainment. 


will also need electricity for lighting and possible for a sound
 
Table XI summarizes the estimated needs and power requirements
system. 


for a system serving each of the priority public needs.
 



Figure 9 

Schematic Representation of Major Components of 
VillagePhotovoltaic Electrification for Priority Public Uses in 

SCHOOL 
Lighting
 

Communi ca ti ons5.5 KWH/M2/day-- 60 Mr 

Photovoltaic
 

- ArraySolar Radiation 
AlentrLighting 

Cur-tenao Refrigeration4 peak Kw 
Heatingeetiiyrent 


110 KWH PARTY HEADQUARTERS
 

Lighting
Storage 0. Conmunications 

Pumping for Public
 

Water Storage
 



TABLE XI
 

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

! Peak Powae Use Factor Hrs per iSubtotaIWatt I
 
! Use I Watts ! Week I Hrs/Week


II !
 

!Water Pumping 1 500 30 1500 !

!' l 	 l 1
 

!School 1
 
I Lighting 1 1 1 2000 1
1000 20 

1 3 Rooms & kitchen! I I
 
i (Fluorecent) ! !
 

!*Heating for coo- I I
 
king 1 1000 ! 5 1 *
 

!!!1 	 l 

300 10 

Subtotal ! l 5000
 

Other (radio, etc)4 	 1 1 3000 1
 

lInfirmary I I
 
! Lighting 180 1 20 1 3600 1
 
! Cold storage i 80 ! 50 1 4000
 

!*Electric Hot Water! *1000 ! 5 	 l * 

Solar Thermal Hot . ! l
 
i Water and/or spa-! I ! a
 

ce Heating ! Total Direct Solar 1 7600 1
 
l 	 I I
 

;Party Headquarters . .	 ! I
 
• 	Lighting . 120 . 20 1 2400 ! 

Radio/TV 	 1100 . 30 ! 3000
 
II 1 5400OI
54 __ 

Mosque 	 . l
 
• Lighting 180 110 1 1800 1 
Sound System 100 . 5 1 500 1 

I 2300 1 

Totals* ! 2560 . 205 ! 35.3 kwh/wetk 
! I!1835.6 kwh/yr 

* 	 These values have not been added in the totals because it is possible 
that these uses will not be included in the final system. These will 
either be replaced by solax thermal devices or not supplied. 



The total energy requirements amount to 1800 kwh/year with a
 
salrty and growth factor; the sysvem should be designed to supply
 
1900 kwh/year. The peak power demand is estimated to be 300 kw
 
for the system use shown in Table XI and the local solar radiation
 
data are 	shown in Table II and Figure 2. For this combination a
 
4.0 peak kilowatt solar array and 40 kwh of battery storage was
 
selected. This system should provide electricity 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. It is possible that a final system
 
of less than 4 peak kw could be needed)especially if heating and
 
cooking energy are provided by forms other than electricity.
 

III.6.B. 	Technical Details of a Solar Photovoltaic Electricity
 
System for Priority Commercial Uses
 

The location map of Hassi El Frid (see Figure 1) defines an
 
area of the village for full-time and weekend commercial activity.
 
The shops are narrowwindowless rooms with only the open door admit
ting light. Flat or window glass is not manufactured in Tunisia
 
and thus only the school and a few other buildings in the village
 
have glass 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 a few hours each day in the shops
 
and other electrical uses would be controlled as is suggested in
 
the discussions covering the priority public uses. Initially it
 
is expected that only a few shops will connect to the system and
 
thus their use of electricity will be governed by their ability to
 
pay. Very likely as much electricity as people want will be available.
 

As more and more people connect to the system the power
 
demand will begin to approach the generating and storage limit.
 
As this happens it is possible that controls such as those described
 
earlier will be instituted. Table XII contains the estimated
 
energy demands for the priority commercial uses to be supplied.
 
These uses include outside lighting near the shops to facilitate
 
early morning set up for the one day a week public market and for
 
special use in the evenings. These lights would not be used routinely
 
and would be turned or only for special funtions. The data in the
 
Table shows that including a growth/safety factor of 20% the commer
cial uses would require approximately 4.4 peak kw. A
 
storage of approximately 5 times the peak demand Lf 4 hours (100 kwh)
 
is also provided. Figure|* is a schematic representation of the
 
system for this sector of the village,
 

III.6.C. Technical Details of a Solar Photovoltaic Electricity
 
System for Priority Residential Uses.
 

Hassi El Frid shown in Figure 1 has approximately 60 houses 
and anticipates 20 more within the next year. The houses have two or 
three rooms) generally ha; few glass windows and have no running 
water or inside plumbing. A few houses have batteries for radios 



Figure 10 

Schematic Representation of Major Components of 

Photovoltaic Electrification for Priority Commercial Uses 
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Table XI I
 

Estimated Minimum Electricity Demands
 

From Priority Commercial Uses* 

Use Factor
Power 

Use Watts Hours/Week 


Full-time Shops 

*Tailor
 
Lights 120 40 

Sewing machine 75 20 


4 Butcher
 
40
120
Lights 


Refrigeration (0.3M3) 100 70 


* Bakery 120 52
Lights 402.5
 

Grain mill 500 5
 

70
100-
Refrigeration (0.3M
J) 


40
9 Market: 180 

Lights 3 

210
Refrigeration (0.3M) 300 

(3units)
 

Weekly Market Uses
 
40
1000
Central lighting 
 10
1000
Miscellaneous electricity 


585
3615 

4986.8 


Subtotal
 
Kwh/Week
 

4.8
 
1.5
 

4.8
 
7.0
 

7.0
 

7.2
 

6.3 

40.0
 
10.0
 

95.6
 
-Kwh/year
 

*Adding 20% for growth, the system required will have 4.4 peak KW capacity
 

and 600 KWh/year use.
 



Figure 11 

Schematic UsesRepresentation of 14ajor Components of 

Photovoltaic Electricity System for Household 
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TABLE XIII 

MAJOR COMPONENTS OF VILLAGE PV ELECTRIFICATION SYSTEM
 

SUPPLIER
NUMBER 	 DESCRIPTION
ITEM 

3 


Pump & elevated 2 0.5 hp pump and 30 m tank AID
 
storage
 

PV cell, batteries 1 20.4 peak kw, 240 kwh battety AID
 

controls, etc. storage, alternator, controls
 

New well 1 	 Hand dug, enclosed well near GOT
 

school
 

Distribution - Distribution system for GOT 

system (wire, electricity and other 

pole, meters, structures
 

fencing, build
ings, etc)
 

GOT
Fixtures & - Flourescent lights in 


school, infirmary, party
wiring in 

public buildings headquarters; incondescent
 

lights in market place and
 

on mosque
 

Selected - 0.3m 3 refrigerator for infirmary; AID
 

75 liter solar hot water system
electrical 

appliances & for infirmary; solar thermal hot
 

air space heating system for
devices 

school & infirmary.
 

Motorcycle & For use in operating system GOT
 

short wave radio
 



or televisions and lighting is by kerosene lamps. The principal
 
use of electricity would be for lighting, radios; cooking is done
 
by butane gas. The income of the village residents is low and
 
other electrical appliances will probably not be introduced
 
rapidly. The Tunisian National Power Agency (STEG) uses 300
 
watts per household as a planning number for villages receiving
 
electricity kw. 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 adequate lighting and other power
 
uses. Also, b ecause the cost of photovoltaics is expected to
 
decrease rapidly over the next several years, by the time the present
 
system capacity is exceeded by demand additional panels and battery
 
storage will be much cheaper. At that time, expansion of the system
 
may cost no more per kwh of capacity than traditional central grid

electrification. Because of economic conditions in the village

all the potential users which the system is designed to ultimately serve
 
will probably not be able to afford to connect or use electricity imme
diately. Thus, connections and electricity use will grow over time.
 
It isexpected that STEG will establish a connection charge and rate
 
system similar to that used for other rural electrification projects.

A total charge of 400 dinars per connection will be charged with 40
 
dinars being paid by the user and the remaining to come from the Governorate
 
and STEG. Eelctricity will cost 300 millimes per kwh. Based on this
 
the village of 80 houses will be served by a 12 peak kw system. Assuring
 
4 hours operation per day when the system isfully connected and 3 days
 
reserve, the battery storage should amount to 100 kwh. Figure 11 is a schematic
 
representation of the proposed village residential electricity system.
 

Table XIII presents a summary of major component for the
 
three sectors in the village.
 

Technical Details Subproject II
 

The training subproject will involve four discrete components.
 
The renewable energy and energy policy course will be a one day
 
seminar for 15 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 are threefold:
 

1) to create'an awareness of renewable energy and its applications;
 
2) to stimulate the inclusion of renewable energy in development
 

planning;and,
 
3) to solicit ideas on its application 4' Tunisian energy needs.
 



Invited to participate in the seminar will 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 will be an expert inrenewable energy
 
technology from the United States, and inadditiona there will be one
 

other American, an expert inenergy 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
 
f) Demand by Sector
 
2 	Supply (Fossil and Hydro)
 

a) Source
 
b) Prices
 

3) Supply (Nuclear)
 
a) Sizing
 
bi Cost
 

Timing
 
d) Safety
 

B. Alternative Renewable Energy Sources--Technology, Costs 

1) Solar Thermal 
2) Photovoltaic 
3 Biomass
 
4 Wind
 
5)Geothermal
 
6) Energy Generation from Waste
 

C. 	Applications of Alternative Energy inTunisia
 
I) Present Applications
 
2 Twenty-year Horizon
 
3) 	Planning a Phase-in of Alternative Energy
 

The formal will consist of four presentations (energy future,
 

nuclear, anternative energy, and applications), followed 
by division
 

of the group into three working groups, each meeting to 
work on an
 

Finally, the rapporteur for each
alternative energy question. 

group will report on the group's conclusions, and a

general
 

summary will close the seminar.
 

The second training course, Renewable Energy Technologies 
and
 

ten-day

Applications, will take place initially inTunis, over a 


Field
 
period, meeting three hours per afternoon, five 

days per week. 

final two

demonstrations will take place inCentral Tunisia over a 


There will be about twenty-five participants inthe
 
day period. 

.course, tentatively divided among 

agencies and ministries as 5 
follows:
 

MinistrY of Mines, Industry, and Energy 


3
 
Societe Tunisienne de l'Electricite 

et du Gaz 




Ministry of Plan 2 
Ministry of Agriculture 4 
ENIT 4 
Centre de Recherches du Genie Rural 3 
District de Tunis 2 
ETAP 2 

1) Training Objectives 

The objectives of this course are first, to provide a broad
 
technical knowledge of six alternative energy sources which appear
 
to have a future in 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 ofand appreciation for the
 
multiple end uses to which such technologies can be put.
 

2Y Methodology
 

The methodology used will be a mixture of traditional lectures
 
on the technologies, using multimedia teaching aid (slides, video,
 
alternative energy demonstration equipment, films) and workshops,
 
designing and costing systems using Tunisian data. This phase will
 
last eight teaching days, at three hours per day. It will be followed
 
by a field demonstration of technology applications, at the site of
 
the agricultural project described elsewhere in this paper. Course
 
faculty will be the two American Experts who will have participated
 
in the seminar on Renewable Energy and Energy Policy.
 

One of the features of this course is that each participant will
 
be furnished extensive technical documentation on the various techno
logies, including, where appropriate, manufacturers' brochures and
 
specifications, and descriptive material on testing and applications
 
of technologies. A list of bibliographies and of American institu
tions and university and government programs dealing with alternative
 
energy technologies will also be furnished. Providing such informa
tion to each participant is done to bridge what is perceived by the
 
team as a considerable gap in literature and source 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 on display,
 
in addition to the field application which will be visited at
 
the end of the course.
 

4) Evaluation
 

Evaluation will be done in two phases.
 

a) Short-term Evaluatioh,. 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 non-nuclear 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
 
cahnges 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 comments and criticisms of the course
 
itself:, preparation and expertise of the trainers, usefulness of
 
materials furnished, organization, etc.
 

b) Long-term Evaluation. Each participant will be contacted
 
by letter one year following the date of the course. An attempt
 
will be made, via questionnaire, to determine whether the participant
 
is involved to any greater extent than previously with alternative
 
energy. Positive indications would be rebular reading of technical
 
journals, research performed, projects designed and submitted for
 
funding, etc.
 

5) Desalinization
 

AID was repeatedly asked about the application of solar energy
 
to large-scale water desalinization projects. The interest in this
 
centers on the Gabes-Medenine-Ben Gardane coastal strip, the use
 
Livisaged being irrigation. AID shared the interest of Tunisian
 
o'ficials, their 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, AID raised
 
the question of the desirability of concentrating more population and
 
cultivation in this area, ratherthan dispersing growth to Central
 
Tunisia, for example.
 



Tunisian interest remains undampened, and
 Despite this, 

concluded that it would be desirable to 

send a specialist to
 
it u 

Tunisia to meet with officials from the 

M3nistry of Industry,
 
This
 

Mines and Energy; the Ministry of Agriculture, and ENIT. 


specialist should describe the large 
desalinization programs
 

which are currently in operation or in 
the design stage; he
 

should visit the area with Agriculture 
officials, and judge the
 

scopq of the project which would be 
required, providing a
 

very rough cost estimate.
 

The total time in Tunisia of the specialist 
would be five days.
 

6):Fellowships
 

hree Tunisiansshould receive in-depth
 so
 
training in alternative energy technologies 

in the United States* 


to form a local resource base which can 
be drawn upon in future years.
 

as 

Such training should be about four months' 	

duration, including a
 
and institutions other
 

month spent visiting manufacturers' 
sites 


than the training location.
 

Training fellowships should be given 
to one person from each
 

and
 
of the following: Ministry of Industry, 

Mines and Energy; ENIT; 


STEG.
 

The University of Florida at Gairsville 
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.
 

It will be possible to provide excellent 
training in a three

month period, if the trainees possess 
an engineering background and
 

Ideally, trainees would be recent recruits 
to the staffs
 

speak English. 	 a major role
 
of the three institutions, and would 

be nominated for 


This is clearly possible in STEG, where
 in alternative energy. 


planning for future energy provision 
is well underway,. and where an
 

informal nucleus of young engineers 
interested in new energy sources
 

It is likewise possible within 
the Ministry,
 

where the interest of the Chef du 
Cabinet would be translated into
 

Within ENIT, a knowled
formalization of an alternative energy 

role. 

already exists. 


geable faculty member could play an 
important consulting role to various
 

government departments (e.g. the Depart ment de la Production 
Vegetale
 

In time, and as alternative
 
within the Ministry of Agriculture). 




energy begins to find wider application within Tunisia, the ENIT
 

curriculum could reflect this in its courses.
 



ANNEX 7
 

SOCIAL ANALYSIS
 

Village Base line characterisitics:* Hassi El Frid
 

1. Geography/Climate
 

The village of Hassi el Frid is the population center of the district
 
of Hassi El Frid, which is part of the governorate of Kasserine, (the
 
name Hassi El Frid as used inthis section refers to the village unless
 
otherwise indicated). Hassi El Frid, located in central Tunisia, is
 
45 kilomteres southwest of Kasserine. The dirt road connecting the
 
two places passes over a low mountain range. The terrain leading to
 
the village is essentially flat and ,except for land surrounding the
 
village, barren. Some areas are covered by wild grasses such as alfa,
 
used for paper-making in Kasserine.
 

The climate in Hassi El Frid varies from very hot and dry in the summer
 
to wet and quite cold in the winter. Temeratures near 0c are common
 
in the winter. The district of Hassi El Frid, 27,360 hectares, is
 
bounded by the following districts: on the south by Ali Ben Aoun,
 
on the east by El Hechmi, on the north by El Aouija and on the
 
west be El Kamour.
 

*These data were collected by visual observation and unstructured
 

conversation with villagers in Ha-si El Frid and with Government
 
officials. They have not been verified and are presented here to
 
give a sketch of the village. As part of the design phase of the
 
project, a detailed socio-economic study is planned to provide
 
baseline data. A comprehensive energy use study will be carried
 
out as part of the project.
 



2. Vlillage Population and Physical Characteristics
 

The district of Hassi El Frid has approximately 3200 inhabitants, of
 
whom 600 live in Hassi El Frid. Th2 village (see sketch map, page
 
has a mosque (under construction), a dispensary staffed by a resident
 
male nurse, a four room primary school, a building housing the
 

political party headquarters, and also used as a community center and
 
buildings for forty stores and eighty houses. Of the eighty houses
 
in the village, approximately fifty are modern, two-room stone houses
 
with water seal toilets and a small kitchen, but no electricity or
 
running water. The other houses are older. The Government, under its housing
 
program, is building an additional twenty houses. The hope is to resettle
 
people from outlying areas into Hassi El Frid. All land is collectively
 
owned. The issuance of clear title to land is being reviewed by the
 
Ministry of Justice, the Ministry of Agriculture and the Office of
 

No clear titles have been issued yet, although certificates
Topography. 

of possession have been issued to a few applicants.
 

3. Village Economy
 

70% of the people in the district of Hassi El Frid depend on agriculture
 
for a living. Dry cer-eal is grown, as are almond, fig, apricot
 
and olive trees. There are some irrigated vegetable farms, livestock
 
breeding and gathering of esparto grasses.
 

In the district there are 15 wells, 11 private and four public
 
ones. In the village of Hassi El Frid there are six wells, five of
 
them private with diesel engines. The public well is manually operated.
 

Water from the private wells is sold for TDl.600 a cistern (about
 
750 gallons).
 

There appears to be a large number of unemployed adults in the
 

village. Whether this is seasonal was not determined. Economic activity
 
in the village, other than agriculture, consists of commercial activities
 

and service jobs. Although there is building space for forty stalls,
 
several appeared empty or used for storage. There are several dry good and
 

food stores, a butcher, four grain grinders (although only one was
 

welder and tire repairman, and a restaurant. The school
working), a 

is staffed by five teac hers, three of whom live in government-provided
 

The male nurse, in charge of the dispensary,
housing on the school ground. 

All major cases are sent to Kasserine
 sees about ten patients daily. 


or wait for the weekly arrival of the doctor. The nurse spends one
 

day a week in Kamour, a neighboring village. A doctor visits Hassi
 

midwife and Social welfare assistant. Religion

El Frid once a wekk as do a 


major obstacle to family planning efforts. Once a month a mobile
is a 

library stops in the village.
 



Six of the farmers in the village are consddered prosperous,
 
each owning between 100-200 sheep. Four of the merchants have capital
 

resources estimated up to TD 2000. Government and cellulose plant
 
There are about
workers, who number 15, make up to TD750 /year. 


70 seasonal alfa pickers.
 

Hassi El Frid isthe district market place and a large open-air
 

market operates on Saturdays.
 

4. Village Energy Use
 

The major sources of energy in Hassi El Frid are diesel fuel, kerosene,
 
These are used for lighting, cooking, space
bottled gas and wood. 


conditioning and mechanical power.
 

Lighting
 

Lighting is provided mainly by kerosene and candles. Lighting needs
 
The stores have no windows,
are Increased due to local architecture. 


The rooms in houses generally
the only natural light comes through the door. 

have only one small window.
 

Some of the stores burn candles for 2-3 hours in the summer months
 

A 6.5 inch candle costs 30 millimes and burns
and longer during winter. 

for approximately three hours under relatively windless conditions.
 

One or more candles are burned, depending on business needs and 
area
 

to be lighted.
 

It was
Kerosene is used for lighting in both homes and stores. 


not determined whether some people use both kerosene and candles 
for
 

The

lighting or whether just one of the lighting sources was used. 


infirmary uses just candles for lighting. The kerosene used in Hassi
 

Frid is purchased in Kasserine for TD 0.050/liter. It retails

El 

for TD 0.060-0.070/liter in the village.
 

Co6king
 

Cooking is either wih bottled gas (butane) or wood. A little charcoal
 

CharcoAl making is apparently illegal in the
 
is used for making tea. 
 came
 
village and villagers were reluctant to say where the 

charcoal 

Village women gather
from. Purchased charcoal costs TD 0.140/Kg. 


wood in surrounding areas or purchase it atLTD2.00O/Kg.
 

The village chief estimated there were 80 houses in the village,
 

with 20 being built. Roughly 50 houses (60%) use wood for cooking,
 

the other 30 houses use bottled gas. The gas is purchased in Kaserine
 
The cost in Hassi El Frid isTD2.000
 

at TDl.700 for 25cu.ft. (88,OOOBTU). 


A tank of gas lasts about one month; the village.uses 
30 tanks of gas
 

a month.
 



Heating
 

During winter months, when the temperature can drop near freezing,
 
homes are heated by burning wood. No information is available on how
 
much wood is burned, how it is burned, for how many hours a day and
 
during what months.
 

Cooling
 

The infirmary has a small propane refrigerator for storing perishable
 
medicines. In July, 1979, the refrigerator had been broken for
 
five months; no one in the village knew how to repair it. It was
 
unclear why it had not been sent to Kasserine or some other place for
 
repair.
 

There are at least two other propane-powered refrigerators in the
 
village. One of them, recently purchased in used condition and
 
installed in a grocery store, was operating but not cooling. The
 
village butcher is limited in his activities because he has no refri
geration. Meat not sold at the end of the day cannot be kept due to
 
spoilage problems.
 

Other Energy Uses
 

There are four diesel-powered grain grinders in the village. InJuly,
 
1979, only one was working. It is an 18 HP grinder, fueled with diesel
 
purchased in Kasserine. Diesel fuel, which is subsidized by the
 
Government, costs TD 15.000 for 200 liters in Hassi El Frid (US$.71/
 
gallon.)
 

There are 9 battery-powered televisions and several radios in the
 
village. The 12 volt batteries are recharged in Kasserine; 1.5 volt
 
dry cell batteries are sold locally for TD 0.125 each.
 

There are several vehicles in the village (3 station wagons,
 
3 trucks and 7 tractors). The station wagons and trucks also carry
 
passengers and produce to Kasserine. Round trip fare between Hassi
 
El Frid and Kasserine is TD 1.400.
 

Social Issues Raised by Project
 

Both village leaders and villagers support the project as it has been
 
explained to them. Expressed desires for energy have focused on
 
lighting for homes, the school, dispensary and party headquarters.
 
The school and party headquarters are used for community activities
 
in the evening so lighting will greatly increase their utility.
 

Power for the dispensary will permit stocking of perishable
 
medicines. Solar space heating and hot water will improve patient
 



care. Currently, the dispensary uses candles for lighting, has
 
no running water nor heat in the winter.
 

While the villagers have discussed the project ingeneral terms,
 

they have not yet been involved actively inits design. During phase
 
I, the technical design of the system, village participation will
 
be crucial. Not everyone in the village will get pwwer. Thus,
 
the villagers will have to decide who will benefit directly. As only
 
150 watts will be provided to each participating house, villagers will
 

E.G.: 150 watts can provide
have to decide how power will be used. 

3-50 watt incandescent light bulbs or two 25 watt flourescent light
 
bulbs and a 100 watt refrigerator, etc.
 

The villagers will have to deal with many new issues as they
 
define their participation in the project. These issues include:
 

1) 	How will participating households be selected?
 

2) 	How will household energy demand be regulated?
 

3) 	How will the agricultural demonstration sites and direct
 
beneficiaries be selected?
 

4) 	How will commercial establishments be selectcd for
 
participation and how will their electricity demand
 
be regulated?
 

To assist the village in making these choices, a technologist and rural
 

sociologist must work together to explain the system and discuss
 

various options with the villagers. As the system initially will not
 

be used to capacity, allocation problems may not develop until later
 

in the project. Nevertheless, they must be anticipated. Inorder
 

to approximate existing rural electrification conditions, villagers
 
will pay the same hook-up charges and electric rates that STEG charges
 

other customers.
 



Selected Enerqy Prices (July 19, 1979)
 
U.S $/gallon
 

I I I 

! TUNIS HASSI EL FRID* 

! Prenum gasoline 1 1.92I I N/AI r! 
Regular gasoline ! 1.82 N/A!I ! 

! Kerosene 
 1 .42 
 .67
 

Diesel 
 I .61 ! .71
: I ! 

Charcoal I .14/lb l .16/lb!I 
 I 

* Hassi E1 Frid prices are based on information given by villagers and
 
Store keepers. These prices were not verified.
 



ANNEX 8
 

Cost and Supply of Electricity to Rural Areas
 

The cost of electricity and connections inTunisia is shown in Table 1
 

(STEG, Rate Schedule). Table II shows the transmission charges (Higher
 

Voltage). The provision of power from a central grid connection to a rural
 

village has been studied by STEG and the following observations and "rules
 

of thumb" have been developed:
 

- The design average for the expected load from each connection
 

in a rural village is 300 watts peak and the first year
 

average use per connection is estimated to be 300 KWh.
 

- During the first year an average of 30% of the possible users
 

are connected to the supply and this grows by approximately
 

30% per year.
 

- When an isolated system such as a diesel is placed in a
 

village to supply electricity a fu".i time resident operator
 

is necessary.
 

Table III is a rough calculation prepared by STEG to show the cost of
 

supplying electricity to Hassi El Frid from the central grid. The total
 

cost in 1978 dinars to bring a transmission line to the village from the
 

nearest main transmission line near Feriana is estimated as 102,710 Diaars
 

or approximately $257,000 U.S. This service would not necessarily serve
 

the farms or areas away from the village. STEG's average system costs to
 

extend the grid are 400 Dinars ($1000) per connection. Thirty percent
 

(30%) of the cost is for labor and 70% for equipment.
 

A comparison produced by NASA relating U.S. costs of photovoltaic,
 

diesel electric and power line extension is quoted directly in the following
 

passage.
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Energy Cost*
 

Photovoltaic- The installed photovoltaic system costs, projected to
 

1986, for 600 to 10,000 peak watt systems are calculated from module and
 

BOS cost estimates given in the preceeding section. For completeness
 

the calculation includes a levelized annual replacement and maintenance
 

cost conservatively estimated to be about 15% of the annual capital cost.
 

The following assumptions were made: (1) annual energy output per
 

peak watt, 1.6 kWh; (2) annual interest rate, 10% (ref. 8); and (3) system
 

life, 20 years. The results are displayed in Table 3 as Levelized Annual
 

Costs and Energy Cost, $/kWh.
 

TABLE VIII
 

Installed PV System Cost Projections
 
Total Energy 

Module Total First Cost 
Year Cost BOS Cost Cost $/kWh* 

1978 13 15 28 2.33 

1980 5 10 15 1.24 

1986 .61 5 5.61 .47 

*Total energy cost includes total first cost, cost of 4(; replacement and 
/ \ 

maintenance.
 

Alternative Power Sources
 

For purposes of comparison the cost of alternative power sources,
 

namely, diesel/electric and utility powerline extension, are considered.
 

Diesel/electric - It is frequently stated that diesel generators offer
 

a reliable source of electricity and that the initial cost is very low
 

Reference: Phn.tmoltaic-P.ower Systems for Rural Areas of Developing Countries.
 
NASA Technical Memorandum 79097 (revised May 1, 1979( Lwis Research Center
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cost experience, a survey
To ascertain actual
for demands less than 10 kW. 


was made of several suppliers. This survey indicates that costs, less
 

shipping, ranged from $27000 for a 3 KVA generator 
to $5500 for a 10 KVA
 

The cost per kilowatt of capacity
generator, plus $1000 for installation. 


(Most applications discussed
 installed thus ranges from $1200 per kW. 


Further, the yearly

herein require 3 KVA continuous power, or less.) 


costs of the diesel generator,
or exceed the initial
maintenance costs equal 


Also, experience in the U.S.,
 
based on the recommended maintenance schedule. 


is relatively ;heap, indicates that for diesel generators run
 
where fuel 


or exceed first cost of the
 at maximum capacity annual fuel costs equal 


generator. Lastly, it is recommended practice to provide a second diesel
 

a back-up, to insure power availability.
generator on-site as 


Consideration of only the initial cost of a diesel 
generator can be
 

Rather it is ne-essary to consider the levelized 
annual
 

quite misleading. 


cost for the generator, operation and maintenance. 
Incalculating energy
 

(1)1978 fuel cost, $2/gal.
costs, the following assumptions are made: 


(based on recent cost in Ouagadougou, Upper Volta); (2)system life,
 

5 years; (3)annual interest rate, 10%; (4)fuel escalation of 7% per annum.
 

Powerline Extension - For calculation of cost of extending a line from
 

an existing transmission line to the point of use, the following assumptions
 

(1)line costs, $4000/km (ref. 9); (2)electric energy 
cost,
 

are made: 


$.l0/kWh; and (3)annual interest rate, 10%.
 

The cost break even point for photovoltaics in
4200 kWh and 17,000
 

The cost
 
kWh annual energy consumption, respectively, in 1978 and 

1981. 


break even point for photovoltaics is 5400 kWh and 12,000 kWh for 16 and
 

25,000 kWh
 
48 km line extension, respectively, in 1978; and 

12,000 kWh and 


for 15 and 48 km extension, respectively, in
1981.
 



-4-


Conclusions
 

Experience with installed PV systems, which are currently powering a
 

variety of services for users in rural or remote areas, confirms that PV
 

systems can provide a viable approach to ineet many of the basic energy
 

needs in underdeveloped countries. PV system technical development is
 

mature, reflected in the exclusive use of commercially available hardware
 

for the systems described here. PV system reliability, based on evidence
 

accumulated to date, appears to be satisfactory. PV system energy cost,
 

today, is competitive with alternative power sources for applications
 

requiring an energy consumption of 5000 kWh/year or less. Within this
 

range of annual energy consumption lie many important applications
 

relevant to rural areas of underdeveloped countries, see Figures 3 of 4
 

for examples. Over the next several years it may be anticipated that PV
 

system energy cost will continue to drop steadily, approaching $.50/kWh
 

in 1986. At that time it is likely that PV systems will be the least
 

expensive source for all decentralized electrical generation in under

developed countries.
 

Inherent modularity permits PV systems to closely match a user's discrete
 

needs for electrical power, from watts to tens of kilowatts or more. Like

wise, because of modularity, increments of power may be added as future
 

needs dictate and resources allow. This stepwise, incremental option
 

associated with pnotovoltaics is in sharp contrast with the requirements
 

associated with central generation schemes.
 

We conclude that photovoltaics must now be viewed as a realistic
 

energy alternative for developing countries. PV power systeirc: hold promise
 

of aiding current programs for improving quality of life and increasing
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And, in the long pull, PV
 
economic opportunity for rural populations. 


power systems promise a renewable energy resource 
which could markedly
 

lessen dependence on imported fuels.
 



Frid
 
ANNEX 9 Wells and Ground water 

inHassi El 


Frid.
 
There are 11 functioning wells 

in the district of Hassi El 


public water supply for the 
village and the remainder
 

One serves as a 

These wells provide
 

are private wells located 
throughout the District. 


water for both human and animal 
drinking and for irrigation. 

Many
 

However,
 
of the eleven wells are manually 

operated (rope and bucket). 


Two wells within 500 meters 
northeast
 

some have diesel powered pumps. 


of the village are powered 
by 6hp diesel engines while the public 

well
 

Table 1* presents

rope and bucket. 


to the south of the village 
has only a 


summary data on wells taken 
from records held by the Government 

Service
 

inTunis.
 

TABLE 

IN?NPERFOR]NCEWELL DEPTH 
FORMATION 

maximumEstimatedI pmpDepth to wa- Yield
I Depth Susta•ed
well Diameter •ter 
!en
M


! M
(meters) 

3 /for2hrs! Diesel
9.75
7.7
1 


3.5 1.9 ! NO 
", 1/s for 2 hrs1.2 1 Diesel I 


7 6.18 2.51/sec
3.68 1 Diesel I 
. 4.23 NO
4.39 !Public well in Hassi
7.383.65 

I 49 .El Frid. 

the well.
 
isthe average standing water 

elevation in 

Soil Resources*This Water and 

*DATA developed by Ministry of Agriculture. 

Directorate (Mr. KANFIR).
 



The aquifer, though near the surface, averages 6 to 
8 meters,
 

Information
 
at the top of the-water table is limited inyield. 


from the villagers anO the government geologists 
indicates during
 

the summer most of the current wells are limited 
to a maximum pumping
 

The
 
rate of 4 I/sec for ti!a hour intervals several times a day. 


m diameter well with two meters
 total daily sustained yield from a 3 


This delivery capability is
 
of standing water is probably 15om3 of water. 


more than encinh to meet the requdrements of the 
applications.
 



ANNEX 10
 

some recent (1979) statistical
Attached is 


information about Hassi El Frid village, the 

selected site for the Renewable Energy Project. 

We obtained this information (in Arabic) from 

Mr. Bouslimi Jamel, delegate of Kasserine.
 



HASSI EL FRID (DISTRICT) 

Is bordered to the South by District of Ali Ben Aoun
 

To the East by El Hchim
 

To the North by El Aouija
 

To the West by El Kamour
 

Area: 27,350 Hectares
 

Population: 3,200
 

Number of households: 450
 

Number of mud-houses: 20
 

Name of Omida (Administrative head of a Parish): Mohamed Ali Dhibi
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AGRICULTURE
 

:# of Farmers:Total:Farmed:Non-Farmed:Olive:Fruit:Field:Range:Forests: Farm Machninery :Water: 
_ _ _ Area: Area Area :Trees:Trees:Crops: Land: :Tractors:Plows:Trailers:Tanks: 

200 :1&350 iIa85b 13 500 :3,000:1,500:9 350:8,500: 6,000 : 7 : 6
Ila : : : : Ha: Ha : :
 

WATER SUPPLY
 

Natural Springs : # of Public Wells :# of-Public Ci.sterns:4 of Private Cis v:# of Private Well:
 

0 4 
 3 48 24 

lIVESTOCK 

:Goats/Sheep:Cattle :Camels :Horses: Mules:Donkeys: COOPERATIVES
 
S: : " :_: # of Cooperatives:# of Affiliated Members: Capital:

:800 6,000: : 100 : 30 : 15 400 : 1 280 :1.350,00b 

EDUCATION 

:# of Schools:# of :# of # of :# of GOT :# of Beneficj# of:Secondary & : Higher 
:Class:Grades: Number of Pupils:TeacherProvided :aires of the:Scho:Vocational : Educ 
:Rooms: :Boys:Girls:Total :Houses forSchool Fee- :o1 :Education 

:Teachers :ding Program:Drop:Secd.: Voct.: 
:Outs:Educ.: Trnq -:. 

2 4 6 170: 30: 200 :5 3 : 9 50 :0: 10 4 



400 
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HEALTH
 

: # of :Periodic Me-
 T.B. :Patients Recei-
 Family : People Eligible to Free Medi- :
:Dispensaries:dical Visits :Patients :ving Free Medi-Ca: 
Planning 
:Care Cards who have not obtained
 
1 1 
 140 100 


EMPLOYMENT
 

Persons :# of Registe:# of Worke:# 
of Disable "#j of Families engaged : # of
:Unemployed :red Workers xs Abroad 
 Persons : in the gathering In Cottage indus-:Tradesmen
 
:__:_: _ :__: of Alfa Grass tries 
 :
 

270 20 
 10 60 
 200 
 300 : * 40 
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E DE L'==--E D'- TA '--rtTISIEJ~cE1. IA 

er. C.t-ba 2Istkarb.1 
t.6 Cmi. rie~ de 1,,'~yierrgie tenUSC4nfrencC 

de la Pri3e de ; 2-,Lcenc'
1977 a 'lt6 la "Cn~r-n 

D'une prt, du riTue s~rietrc d'une grave Crri-e f(B l''Iri'f- vrR 
-

rx a~,.~'d'une forte aL~ett~lrenon eentl~o , crise au sens 
.)ac*nir t.roir ae 

et surtout d'une A~nirie phIYsiqu e1'f 
ril 

sante de 1 'nergde. 

cv a-iTr-ouvoirhriCU!3s(, (qe ur2 
lan-cessit& 

- D'autre vart, de 
d'4rvrgie 4esbttt~lau role 

hu l dv~o~~ft 'atrS ources 

!P-r- Q'xt~encela. 2T1n'i-e la 
Par. ai11eurs, s7%r EXOPOsition dpe 

.se tierlra a :*uich 
c-,ue- la XIUrer- Conf.-Srele qu-i

de 1 'Pnergie a acCe-rt-e1M!or~jale Tie 'onde".
-Tes proh1, es de 11T-7errrec Ll 

en 1980 traitera du th~r 
I 

ce th~m, un CormitG ad. hc- -nr-si.-1 .ar 'onsieu~r -i1assen' 
Pour la rzeIaration de 

1D73 A 7,!FF (Cwoa) e. a 
s'est r~~uni le 20 ISp~r

E0jS5'F.AR (rL~misie) an voica ~v
'1ierTiB des Pays

CorI! sscnSIraionleSd~re~tendle qu 
en relation avcc les re'

55nermT~ticru1es
lqpxmnnt d~finissent leuars 7-oliti-es 

et les trart trflinavs 
pectives de diveJlor f aCi(Uee social de leurs 

le czadro de la strat6-7ie romlta1 
en vue de les int~grer rJans 

au crdit6 ad im.c 


rde 11'Ehertgie.
 

http:E0jS5'F.AR


1 

de d(.finir une politique Cnergtique de laC'est donc en vue 
con-


Tunisie A tr-s long terme carpte tenu das contr-aintos ext~rieures et do 

tribuer A une milleure aparocha d'une Stratgie Energ-tique tent au niveau 

qu'au niveau global du Monde, qtn le Ministxe de
des Pays du Tiers lbn d 

et de l'Fnergie a constitUx une "Comrission de la
Inustrie, des Mines 


bor- le. present ra.%port.
Strat~gie de l'Inergie" qui a a 

Lc present rapport carcnd 2 parties 

PAIEI. : ,apport pr6liminaire 

I*/ Introduction : Perspectives de 1' -nergie dans le mronde. 

D.mande de l'Bnergie et Projection sur l'an 2000 et 2020. l.*20/ 

§nergtiques disponiblas et potentielles.30/ Inventaire dcs ressources 

40/ GAP la dw-nda et la production et options de choix pour les Cne=r
entre 

gies 	de substitution.
 

50/ 	 Plan de d~velopszrent de 1 flInergie dlectrique y ccnrris l'utilisation
 

&_ntuelle de 1' rnergie nucleaire.
 

60/ P motion de 1'Energie Solaire. 

et la conservation.sur la stratdgie de !'Energie70/ pRcmmndations Gfndrales 

de*l'Irgie en Tumisie.
6t f ie 

pAC flE II,
 

tude 	du myd-le do d6velorp nt dr rtiqueTerres de r6frerne pour 1 'i 


Tnisien 1980 - 2020.
 



P A R TIE I. 

RAPPOP.T P.RIrTV'RF 

I.- 3. : Persnectives de 'Energie danS le I'onde 

onf-rence "'ordiale de ' nezi-
Le Conseil fcutif internatio.ml de la 

a 6xamrn la finalisation :.u rap
diu 18 au 20 Septembrer&ni 1 tW',F (Canada) 

et, apr-s de 1arues dis-. 
port de la cx-mission de la-onservation de 1'F:enrgie 

-

cussions, l'a adopt,. 

aussi
 
d',in tel raprort intressent les pays d16veloppC-s

Les conclusions 
le A. 

bien que les pays dn voie de d6veloppeent. Ces conclusions portent sur 

et la coopration dnergtiT:;..
la fourniture de 1'..nergie

nande de l'Energie, 

un taux annuel de croissance &conmique de 4,2% r.our .e2 
En supiosant 

_our les nays en voie dc dvelc.fent, et 3,3% pour 
pays .eI'0CD., 5,7%/an 

rcr
ce-endant des coefficients d',UasticitC des 

l.-s iconmries planiffi~es, avec 

come msit
la derande serait r~mrtie 

venus a..rori-s, 

38% rour 110 C D E
 

_hour les pays !I 6concries planifi~es
32% 
en voie de dvelorpent.40% . pour les ravs 

a 1'horizon 2020 co..:ar
la projection de la den.aIe mon.iale d! nergie 

" 
- nt que la; structure de !a four 

ax prdvisions de la ?roduction mntre claire
 

niture de 1'Erergie sera profondgrmant rod-i f i -e.
 

http:internatio.ml


4.
 

.-otrrait attcin;2re
foutlre arnru~2ll', d'6norgie 7riLiRae
Vers 2020 !a 

trlle dca la Produiction cue-nlesoit awroxuL1tv-:c.itbcajmles,1000() 


scrait schatiSr_*ainsi 
La structure de cattAo four.niture 

10619.5216115 
- Nstrole 12577 14346 
- Gaz 

170 25n)11566 
- Cliarbon 

88 31V232 
- iUuc1~aire 56
3424
14 
- Indraulique 

non coflvmfl- ri' trole et gaz 
0Ittionnels 


100
56
33
25
Rc £olaixe-

1000
690 

TO0,TAL :269 488 


dct i- a9~rel'? 
dc 'tro-ol atbiidra wn ru-ru %. 

Lapcduct'ofl 
rcePri-a-rEp.

de !a 'l roaurtio~i ota1e d'.
nviron 10%
alors de 40a 

contrca le cbarbofl et ln n - 15%. Par 
rt rdii gaz c-era 1imib.'leTa 
 on-


L'hauuc'u connaitra un-2 croisSwJ1C5 nur 5F%.nuc1~aire s'affL~~l 


aintiexfdra P-. i pour enltc2 Z± :. - co. stant d.~ 53.
 
tin-u2 rais s.!3 

bit~vi-zx, atamtraitz cilu sa2b non conventionnelsL~e p-trole et gaz 
n~ou4 cnvr.T.ro,>rCouratzicRr
des shistesS 

http:awroxuL1tv-:c.it


S.
 

L'~nerqio solairea zt la hiinass3 Polrrait contr:Uhucr rvur 7 q 8% A- J
 
~r.oduction -do 1'6n'r-ie et la m~otherinie nour 2 Ai 3:%?.
 

L'6.tud-e r-antmt en outre qiuo si les rays dc 1 CL? steront 67.ajnt3d~1


toute la p~riorle, d- 1'irmortation du p~trole, ii. da-vicidront orta tcuns 11-it
 

do charbon anmrAs 2007. P~ar contro les p~ays on voiq. da, 147veorrmnt qri jois

sent d 'un rotentiel exc~dantair3 juzqu'la 1'horizon 2C10 correncocront A
 

Irprtateurs net A paitr de cette eztc.
 

Ainsi. la croissanca de 1']coanie "'ndiale au cours de 1-- n~riocWz 1 

juscyu'en 2020 nricessito una action n'Ccocc rxour, d njert, la conssorvatic'. 

do 1' 6nergic ct6- la luatte con1re 12. caspillacn, et d autro pazrt, uni .,.t~

vi-7oureux do touS 1- s q-nros doe pro-.uction de 1 'Fn e rgi-

Par consi~cqumrt, eu A-gard amx rc ict~ de la cliv-rndeo croiszsintc "I.

1 '&zerrd il cst n~csssaire ele faire face A cotto dmminc'e sars r..1aiL. 

A cetta fin, les pays rI5velopz>e-s senit unanim-s rx)r armrter lour aidL.-


A la isecn valour du -otantiel 6nergqinuie, renouvelaic au non. de cx',s
 

eni voie de ddvelo-m nt.
 

Cette mise em valcur libLrerait partiellar-nt. 1a p ays concern#, da a
 

contrainte qu 'dxerceront sm= le ddvloiparent 6concrugo les iLL-rtatons
 

d 16neIprie.
 

rh cons~muenca, 2.3s nay7,s indu'strialicAs at les ;eys an voie did 'v.3

,arnt ont un itd-rt I-,j-ou pro-cuvoir !a COO->ration C-net,re-r~o=-

R.sherche et 1 exploitation des sources additionnel les et/ou atatxbves d16

nergis ainsi quo pour son utilisation rnlus rat-icnl.u1 ot dc xrntr un
 

accs rlus aiss, !I loing terc, des --.ays an vole dc cl'-a-rx-i-ent faibleirit
 

productemrs d'6!ncrq.io- au rarchil & rcrttic.-ue r=onDil.
 

http:d'6!ncrq.io
http:rat-icnl.u1
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n 200......2/ Derende de 'e-rgie et 'ProjCt ur 

'

P R L l 

s E TMUISIE
 
DE p.NODUTS
DE,"ZI.7 

A L'-FDRIZON. 2020 

des produits Ptrli-rsdes pr~visions de la d8ne
L, o 

a l'occasion de 1'laboratin du plan Directeur de stock.ge permet de 
6tablies 

tion tunisixmne serait selon les diff rnts t'xux de 
la consdCduire 

suit :croissance 6conomqiue crme 

103 Tonmes 

1 9
1 9 8 0 1985 1990
oissanc , 

20100
15800
11500
9250
6900
4980
3.020 


13800 18100
7400 9400 

5,9 % 2.600 4030 5360 


16000
11500
7200
5600
3950
3160
2.200
,9 % 


http:stock.ge
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-
31- Inventaire des Ressources 4nerggtiqueg 

disponibles 


ce jour, sans tenir
 
La production ntroli~re des gisements connue 


compte des indices en cours d'appr~ciation rencontr~s 
au CGolfe
 

de Gab.s, est la suivante
d'Hammamet e-


ANNEE 


1 9 8 0 


1 9 8 1 


1 9 8 2 


1 9 8 3 


1 9 8 4 


1.9 8 5 


1 9 8 6 


1 9 8 7 


1 9 8 8 


1 9 8 9 


1 9 9 0 


1 9 9 1 


1 9 9 2 


1 9 9 3 


1 9 9 4 


1 9 9 5 


1 9 9 6 


1 9 9 7 


1 9 9 8 


1 99 9 


2 0 0 0 


en cours dexDloitation -Gisements 


El Borma - Ashtart - El Itavem -


Chouech Saida - (en 11.T. ) 

65 dS de la ProductionProduction 


revenant A.l'Etat
Totale 


5,53 3,59
 

3,35
5,16 

3,39
5,21 

3,26
5,01 

2,89
4,44 

2,56
3,94 

2,36
3,63 


2,05
3,16 

1,1
2,78 


1,73
2,66 

1,56
2,40 

1,35
2,07 

1,19
1,84 


0,63
0,97 

0,58
0,89. 

0,55
0,85 

0,51
0,79 


0,47
0,73 

0,44
0,68 

o,41
0,63 

0,34
0,52 


35,02
63,64 




n roll",~6 	 0t''roe~ 

& !O C 	 a:7 * , 

1 M h 1. 	 5-tn-t 1-

drc4: rs e~ieese otProduo400k408Q 


_T_____ ___________ 	 0 

Cl40 1§90____ 1 -99 __1_____52,00', 2010 1_ 

9'00,_3_005_30__7_00
4___030_
2600,2~ 


3502.560 1.1560 550____ 3401__ 

:9 3800 -470 9-060 o 800 1.	 -- 1.00 . + . 1 

Cepandant~ la mise en exploitation .des-,gisements off-shore Oil
 

couzs d'apprdciat3.on et de la Hedevarice suz' le passage du gaz algdrien vers
 

11Itc.lie pourrait faire reouler l'4ch4ance de 1983 h 1988 dans le sc~nario
 
suivsant:
 

:71982 : miss en production de Didonet ISIS 

1984 : de Byrsa 

1985 : de 	Halk El Menzel et Yasmina 

NISKAR1987 :de 

Em tout dtat do cause le d4ficit de is.product-iLn 	pourrait
 

.
Otzre re'duit gzftce .:' ......................... .............. .......
+;+, ++,+ ............... ..........
...................... 


'.a) is.mise 6n oeuvre de nouvelles d~couvertes 

.do Sisements d'bydicarbures A 

b) la.mise en oeuvre de ile'nergle nucliaire: 

c),i'utiiissation de il'nergie solaire 

ed is.recherinhe 14eg 'lenne
 

e) a
rchechede l1exploitation de gisement dventuel
 
de lignite
 

f) eve,ntueilement~ la'mise en 	oeuvred,11,l ergi
 

... ... ~..>.gdothermiqu~e 

''5-Plan de d~veloa-ement' de -11 Eer~ie EectricueYvcomvris ~ 
rg Y 	 ,Jltai :l4uilsaton4ventuelie de ' 	1orn. e ebTC 

'Lea 'prvstorsauiantes elconsomma tioni dejl'I e 
1qu -son.-0 sur hese moyenueaI~crq.1ahoizon.2003 bas es -bypo 

http:d'apprdciat3.on


1977 - 19ei 15%
 

1982 - 1986 13,7
 

1987 - 1991 8,4%
 

1992 - 1996 6,7%
 

1997 - 2003 4,8%
 

1977 - 2003 9,3% 

La consommation d'dloctricitd passara de 1,331 milliard
 

de kWh en 1977 & 12,500 milliards de kWh en 2 003
 

La puissance appolde passera da 320 MW en 1977 6 2.820 NW
 

en 2 003.
 

La puissance installde passera de 420 MW an 1977 b
 

3.000 MW an 2 000.
 

Les investissements passeront de 200 MD pour la quinouannia 

1977 - 1981 6 2 000 MD pour 1996 - 2 000 aux pri): courants
 

Las coOts correspondant aux conditions 6conomiques de lc
 

France an 1975 at 
aux tailles unitaires les plus perFormantes
 

(900 MW pour Is nucldaire, 700 MW pour !a thermique - vapour) sont do:
 

6 millimes/kWh pour le nucldaire
 

I0,84 " pour le thermique vapeur
 

. . ./.. . 
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Compto tenu do !a hausse prdvisible du prix du p~trole,
 

ressources conduira probabloment I S.T.E.G.

l'optimisaLicn des 


son programme

anvisager l'inserion d'un racteur nuclaire dans 


devrait montrer les options
do Production. L'ltude do rentabilitA 


4ui concerne la rdalisation d'un rdactour national
b prendre en co 


au niveau
 
et prendre en considdration l' ventualitd d'un projet 


rdgional.
 

ost possible suivant is schdma suivant
LA PENETRATION DU NUCLEAIRE 


T I
 

Part du Vuclgaire on I'an
 

2 000
Date de rocours' 

competitive I au nuclairo IPuis.instal- I Production 

Taille unitairo 


• " 


I I I aI
 

200 - 250 ,',W 1990 35% 
! 

60% 
""I 


25% 45%
2000
350 - 400 1W I 


/
600 -700 MW 1 2010 1U I 



-60)- Promotion de l'Energie Solaire 


Depuis la crise mondiale de l'gnergie on 1973 qui a d6clench4
 

la hausse importante des prix du p~trole, tous les pays et urtout les
 

pays industrialisds ont d6cid6 de doubler d'effort en mati-re de recherche
 

de nouvelles sources d'dnergie.
 

C'est ainsi que la technologie d'utilisation de '16nergie
 

solaire connatt actuellement un d~veloppement qui lui permettra d'occuper
 

une place croissante pour la satisfaction des besoins 6nerg6tiques.
 

A ce jour lea recherches entreprises pour mattre au point
 

des techniques permettant l'utilisation de '16nergiesolaire ont permis
 

de substituer l'1nergie solaire aux combustibles fossiles, et ce pour le
 

chauffage do l'eau et des locaux.
 

Pour encourager l'utilisation de cette technologie et
 

6conomiser lea dnergies import~es les pays industrialics ont adopt6 des
 

politiques d'encouragement vis-a-vis des utilisateurs d'installations
 

fonctionnant & l' nergie solaire.
 

La Tunisie de par l'ensoleillement intense dent elle benfficie
 

(2.800 'a3.600 heures par an) et de par ses ressources 6nerg~tiques
 

d'origine Lossiles limit~es, se trouve par consequent motiv6e pour adopter
 

des ystkaes d'utilisation do 1'6nergie solaire dont la technologie est
 

mise au point et l'conomie est competitive avec d'autres formes
 

d'6nergie
 

Afin de favoriser une meilleure intdgration en Tunisie des
 

chauffe eau git"ete- solaires et b~n~ficier conveznbloment de l'6conomie
 

apportde par leur utilisation aussi bien au niveau des consommations de
 

fuel et de GPL qu'au niveau du colt de production de l'1nergie destinie
 

au cnauffage de l'eau, il est souhaitable d'entreprondre d'une fagon plus
 

elabor~e, les 4tudes de marchg n~cessaires k une meilleure 4valuation de
 

la demande d'4nergie destin~e au chauffage de l'oau ainsi que celle des
 

chauffe eau,par type d'utilisation.
 



- 12 -

Cos 6tudes soraient 6 dlaboror en collaboration 6troite avoc
 

tcous los organismes intdrossds t91 quo la Direction de l'Industrio,
 

le S.T.E.C, SACEM, Les Promoteurs immobiliors (S.N.I.T).
 

A la lumi@re des rdsultats de cotte 6tude, un comit6 ad hou
 

groupant des reprdsantants des directions do 1'nergie ot do l'indus

trio, S.T.E.C, ETAP complos ainsi quo los constructours potentiols de
 

chauffe oau solairos en Tunisie, arr~terait on accord avoc le Flinisthru
 

de L'Industrie, dos Mines et de l'Energie et le Ministbre des Finances
 

les mesures ndcessaires en matibro de subvontions 6 accordur, dos
 

d6qrbvements fiscaux et des procedures y aff~rentes.
 

Un intdrbt tout particulier devrait ttre accordA pour le choix
 

d'un chef du filedans le but de faciliter los nodalit~s do financemont
 

des installations solaires 6 l'instar de colles accord~es oux b~n6i'i

ciaires de chauffe oau OlectriQue ou L gaz.
 

De tollos mesures, une fois arr~tdos, dovraiont Otre accompa

gndes d'un timing de rtalisations et do conversions 6ventuelle des
 

chautfe oau 6!octriques et m~me b gaz actuallomont existants afin quo
 

la Tunisle puisse bdndficier dans los plus brefs-d~lais d'uno meilleure
 

utilisation de ses ressources dnergdtiques et do ce fait du maximum
 

d'dconomie en devises.
 

A titre d'information
 

-. La conscmmation annuelle d'@lectric--td et de gaz pour le 

chauffage, dez 3,caux, le chauffege do l'eau sanitaire et
 

le pompage est dvalude . 40.000 T. E.P.
 

- La consommation annuelle do fuel domestique est do l'ordre
 

de 40.O00T pour le chauffago des locaux.
 



sur 	lo Stratdqie do l'Enerqie *t In
 70/ 	Recommandations.Gdndraies 


Conservation do liEnoerie en Tunisia
 

7.1. Stratdqie do 1'Energia
 

qu'une dtude du mcdble do
La Sous-Comrission recommande 

tunisian soit entreprise jusqu'b 1'horizon 
ddveloppoment 6nargdtique 

2 020.
 

Cotta dtude rdpond au triple objectif:
 

a) objoctif national : Exploitation optimale des
 

actions b ontreprendre pour
ressources nationales at 


y faire face
 

b) 	 objectif de coordination des stratdgies dnergdtiques 

des Pays en voie de Odveloppement 

Cotte coordination sera assures par le Comit6 
ad hoc
 

crd6 par la Confrrence Mondiale do 1'Ene.gie.
 

: Aider b l'laboration d'unac) objectif international 

Mondiale de 1'Energie au service du NouvelStratdgie 

Ordre Economique International.
 

sur 	le-Commission recommande quo
D'ores et ddjb la a 
soient
 

Plan National los actions suivantes entreprises, sans prejudice
 

des 	conclusions de l'tude du modble EnergdLique :
 

I) Poursuivro lVintensification de la Recherche pdtroliro 

2) Etudier le potential hydro-6lectrique de la 
Tunisic 

3) Poursuivre l'examen des possibilitds de l'extraction 

de l'uranium des phosphates.
 

de l'Energie
4) Poursuivre la Recherche du lignite, at 

gdothermique 

5) Promouvoir l'utiiisation de l'Energie Solaire 
et 

l'dnergie dolienne 

6) Se prdparur pour l'insertion de 1'dnergie nucldaire 

dans le Plan de ddveloppement de l'Energie 6EIectrique 

1'Eneroie
7.2. Conservation optimale de 


Les conclusions de la Conference Mondiale de l'Energie 

fin du a montrd A l'dvidence qua l'homme, d'ici lad'Istanbul en 1977 

accdl~rde at considdrablesibcle, doit envisager une diminution tr~s 

des 	ressources pdtrolibres.
 



Is dato critiquo du ddclin de l'bro p tro3.i r
 
Loajournoment do 


une largo masure, do le consorvation optimale

jusqu'en 1990 depend dans 


do I'Energie.
 

cfficuces d'optimisation do l'utilisotion 
Los mdthodes lea plus 


l'objet des recommondations suivantes
 de I'lnergie ort fait 


I) Provoquer l'intdrtt de tous pour une meilleure 
utilisaticn
 

l'ddu
do I'Energie, par la publicitd, l'information, 

les conseils et 


stylo de via plus 6conome.
cation. Encouragor un 


2) Crdation de stimulants Fiscaux encourageant uno fixation
 

correcte des prix des combu3tiblos et do l'nergio
 

normes concernant tous les appareils consom3) Rdgloments at 


on ce qui concarno
d'6conomies
ment de l'Energie, tollos que les normes 


J.xts, v4hicules, lee vitesses maxima, los limitations de l'clairaogo,
 

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


bitimaents . 



I. O37-l- -Su LEU

sc~narios de dlvelopc-w'et
tnude di.felts1) ~trmfl, ~ t 

1' concrnie tunisienfl ue
3 a r S. -e era ijeft les beSOins e

6 w. r.1 s 
1o 1ser 

2020 et en distingCuart
jusqu.'A 1'borizofl 

vrcruits imergticlae-

d rcxuits Cerq~tiques1esont les quantit~s
2) ~tefl'~nr cuel-les 'or1.esciXiu 
t ,e.s et ceJ2.es aui F~uraient donner 

non s 

srat~gia-'WB
 

tratie
ciiXentre les diffrentes Fos 

3) ~ ifi-~desop±OfS d 
OP t ~iae, 

cpte term ceshrtSedeev;.nil-
sibles et 

nergie primi~re;en rear (3vaJuer les b~esons 
1) L' d~it 

9,co aiqcue Ae : iiciter. Ces beso i2sl 
~' ~ d elote:; en rd it 

carbstibles qu)ebeon 
~ ,inbpI3oinfs en secteurs. ca rcflt.Z les diff~rent5

in~iCre~fied~ ~neti~~Sut).~S& 

suivant les
Atre ventil~sdevront&-n,'rgie Pr--iaJreen2) cr-s beoils 


uti.11sateur..
di-ffdrants sacteJrs 


sous
pour d,:.terminrPar secteurtre faitedrA3)Ure an~:S ;regie priair-.Y Bcuvt 
cesbesoins'6nre secoflr 

en 
squeflUe (do~ 


ptV- ca:-,7e.
 



4) Les diffdrents choix dcona-miques entre les diverses ressources 

rour satisfaire la demande en 6r.ergie secondalra.&d nergie privairc accessibles 

devront Otre emin.-es, et les diffzrents rarartrcs techniques, 6concmiquos 

et financiers do conversion d-vront Ltre d'te:-nLis. 

5) Un inventaire sir l'ensemble de la priiode envisagae des diff6rentes 

ressource-e d' nergie prirraire nationales devra Otre dtabli. 

-. d'.ric6) Cozrte tenu. a fois des possibilit-s de substitution ou non 

.nergie A une autrq des ressources invemtori~es et des diff~rents paranrtrcs 

de ccnversion, d~terminer les diffsrentes strat6gies possibles et d gager 

parmi ells celle qui correspond A l.'optiium concmique. 

7) Analyser ce qua cette strategic imoliue sur le plan des d~cisions 

A prendre, et notwm.-ent les d6cisions d'investissemnts. 

L'EWQJIIII. f"T-E"XE .DE 

1) Ii convient de confectionnor un ou plusi urs modules math.rtiues 

pour r~pornre A toutes les questions ros~es ci-dessus. Ces riodules coivent 

Atre dynamiques en vue d',studier l'enc-iainear-nt des decisions et de leurs 

effets.
 

2) Les prix internationaux des diff~rentes forms d'Onergie ainsi
 

volution doivent servir de base pour la d.finition de la strat6gie
que leur 

optimale de couverture des besoins 6nergt.tiques du pays. En outre une analvse 

des prix intdrieurs d,-ora Atre faite en vue de faire ressortir lours incohS

et de proposer des solutions ainsi que des reccanandationrences Eventualles 


pour les faire &volutr dans le sons d'une nlus grande coherence interne et
 

externe (avec les prix internationaux). 

* . /o .o 



3) M-s calculs de sensibilkit6 devront dtre%faits pour fairn apneaitz--, 

quels soznt las parm, txcs-ce~fs du stvc 'est A dire les pararktras deont 

l~a variation~ a-genr'3r les plus gramds chargamft-s sur L. strat6gis optiznale. 

4) Le-s pre-bl~ms de conmezvation -L- ).' 6nergie et de lutte contre le 

r-= inclus daris 1'Ctude.gaspiliage dc-ivmt 6galmnt Otre exarnin~s 
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lAtLrAU N*5
 

)-pth qah rotunueJ POW la prdviLOn
do ocn3o- -atiom dl61actriitd fo-nM par I& ST.'.l 

1977 - 200) 

Ann4 e HTothv F,'-Pt h-c alyothcee 

Anible .c-:,r.e 	 forte
 

1331
1977 1331 1331 

1978 1570 1570 1570 

1979 1750 1750 1750 

1980 1990 1990 1950 

1981 2280 2200 2280 

1982 2570 2590 25,90 

1983 2,170 2,...0 2980 

33901984 3200 3390 

V20
1985 3550 

1986 3970 4 3"10 

4 8001987 4300 4700 

1985 4800 5100 5300 

60001989 5000 5600 

1990 5300 6000 6500 

1-991 5800 6500 7.00 

1992 6200 7000 700 

7500 85001993 6500 


9.O,
1994 7000 8000 
1995 7300 850o 9500 

9000 10500
1996 7600 

9500 110001997 8000 

10oo 117001998 8500 


12500
9000 105001999 

2000 9200 11 00 13(00 

2001 9500 115c. 13500 

2002 10500 12CC0 15000 

150002002 10500 125C0 


: L ohitfre2 do la'a.e 1977 nc"t r41a3. 



IADLEAU ?1*1 

PREVISION DE LA PUIS$ANC. MAXI, UM APPELCE 

SUR LE ASSEAU STEG ( MHW) 

1,17. 2003 

ipat0u ,-pothsa 
faib le ioyerne forte 

Arzie -poth'u.s h -. 

320
 

1978 370 370 370
 

1977 	 320 320 


420 	 4201979 	 420 

19o80 	 470 470 470
 

1981 	 510 540 540 

1982 600 600 600 

1983 670 700 700 

1984 750 790 790 

go ,890f1985 	 630 

J 1020 102015-6 	 930 


1 o1o 	 11co1987 	 990 

1170 	 1220
 

1380
 

1988 	 1100 


1989 	 1150 1280 


1, 
1500
1990 	 1220 1380 

1991 	 1330 1490 166o
 

1992 	 1410 1600 1780 

1940
1710
1480-
1993 


f 1600 1820 2050 

1660 19410 2170 

1994 


1995 


2050 	 2400
1996 	 1730 


.oo 2140 24801997 

1998 1920 2260 2110 

21 0 28201999 	 20210 


2(= 	 2060 2400 2920 

30402001 	 2140 2580 

27C 	 31602002 	 2260 
33 0
2e20 I
2360 


I ",:c chiffres 	de l'ar.nme 17 sont rcln. 
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V --	 40.11 

31.2 
 T 

cc,~ojrrxvLt:;g 311 


~110 unit~iire co pt!.titiva : 	4nto 10o recoitra r V!.rtdut'nL.v.'.:tr13 ory-1
 
au : l~ir.intld PrduI4c1oi
zrroc1ltre 


200- 250 1.Y1950 
 ~ 
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11-4
-5 40()' 2C 

TT 77 	 20 0
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------------------------------- -------------------------

PREVISIOI! DE LA PRODUCTION TUNISIElNNE Ell
 

HYDROCARCURES
 

MiIIion r 	 de 

Gise:ents
G ismens en 


is!-.ar nouveaux Redevence Total
 
Annees 	 cours &'Exploi-

tation 65%Prod. 33GM3 ot-shore 

65%?rod.Tot
Tota Ie 


3,59
1980 3,59 

3,35
1981 3,35 


1,63 0,2 5,92
1982 3,39 	 0,7 


1,12 2,28 .0,37 7,03

1983 3,26 


1984 2,89 1,40 2,93 0,42 7,64
 

7,04

1985 2,56 1,59 2,28 	 0,61 


0,61 6,60
1,68 1,95
1985 2,36 

0,61 4,71
1,40 0,65
1987 2,05 


1,17 0,33 O,f61 3,92
1988 1,81 

0,61 3,27
1,73 	 0,93
1989' 

0,61 2,96
0,79
1990 1,56 

0,61 2,57
1991 1,35 0,61 

0,61 2,31
0,51
1992 1,19 

0,61 1,61
0,37
1993 0,63 

O,61 1,56


1994 0,58 0,37 

0,61 1,35
0,19
1995 0,55 


1996 0,51 0,19 0,61 1,31
 

0,61 1,08

1997 0,47 


0,61 1,05

1998 0,44 


o,61 1,02

1999 0:41 


0,61 0,95
2000 0,34 


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

gsements en 192
* Mise en production de tous les 9




p pq Ip 4'101w1 0 p 1W 

ARM, T, 
3i3NG3 

tof on -f - f~4~4 411" 0 

9cj34 3' 26 	 2 2 O34$9 

f.984 92F93 21, 	 0f42 6r,4 
2,56 z2428 ,61 5,45 

~986 2,61,95 6f 4492
 
98,2,05 0,.7 0,65 0.,61 4#01 ,
 

0,-33 387
 
.989 1,73 Is,40 0,6137
 

181,8 1 12 	 3,~ 
A 

L990 1,56 1,59 o..61 3,76
 
d~991 1,5o,6 ,61 3,64
 

1t992 1,19 1,40 	 ol061 3,r20
 
o,,61 2141
~1993 	 0,63 1,17 

c19 0#93 o0,61 2,12,"58 
055t 0of,,~-~ 	 1,95
 

~-960,51 0,.611 	 o,,61 It,73 

0:51 	 o,0,61 1.SQ5~1997 0,47 
1998 0.,44 o0,61 1e,4240,37 

'1999 0,41 0,37 o..61 1,39 

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

~TOTAL 35,02 128 	 1005706 
de 	 ,4'444 -,msen18Ms Prdcto 	 le-n 
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