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Abstract- Tunisia is a country where the electrical network serves quite all the territory. Nevertheless some  isolated loci  need 

to be supplied in energy and the country is still an energy-dependent country with modest oil and gas reserves. In this context, 

Tunisia will have to increase its power production capacity by both building additional conventional power plants and 

developing solar, geothermal and wind capacities. In this study, a simple algorithm is implemented in order to propose a 

scheduled plan for establishing wind/solar/geothermal energy units taking into account availability, territorial constraints and 

time extent. 

Keywords- Hybrid wind-solar system, Optimization, Renewable energy, wind/solar/geothermal energy units. 

 

1. Introduction 

Non-conventional energy sources are a master key in 

targeting energy security, sustainable development, and 

environment preservation [1-5]. Costs of fossil fuels have 

forced public and private agents to move toward other 

energies RES. Solar, wind and geothermal energies are 

inexhaustible and fuel-free sources which  do not cause 

pollution in electricity production and are easy  to install in 

isolated areas [6-7]. 

Although Tunisia's actual energy picture hardly includes 

renewable energies, growing unmet domestic demand makes 

this country  a viable market for non-conventional plants in 

the medium-to long-term.   

Tunisia had a present contribution of hydroelectric 

power plants and wind power installations which did not 

exceed 60 MW and 10 MW, respectively. The remaining 

capacity was wholly accounted for by thermal power 

stations. Geothermal  energy  is  commonly  listed  in  the  

literature  with  unconventional  energy  resources.  Actually, 

electricity  is generated from geothermal energy in 44  

countries with an  installed capacity about  7300 MW besides 

direct  utilization  (space  heating,  horticulture,  fish  

farming, industry etc.)   

The use of geothermal energy in Tunisia has been 

restricted to direct application (bathing, irrigation and 

heating) for a long time due to the low enthalpy of sources. 

The main sources are localized mainly in strewn parts of the 

country (Hammam Zriba, Hammam Benteljdidi, Jebel Ouest, 

Hammam Bourguiba, etc.).  Some recent studies outlined the 

fact that geothermal electricity can be produced efficiently in 

Tunisia through dry steam, flash steam or binary cycle power 

plants [8-14].  

The aim of this study is to identify several optimal 

locations which can host a hybrid system based on the use of 

solar, wind and geothermal sources. This goal is successfully 

reached by setting a short-term scheduled plan for 

establishing wind/solar/geothermal energy units throughout 

the territory. 
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2. Potentials and Resources in Tunisia  

2.1. Solar Energy 

 Tunisia has a tremendous solar potential. The 

Meteorology National Institute (INM), provided 10-year 

mean records of synoptic observations for several locations 

in Tunisia [14]. The provided data encouraged the use of 

solar panels in commercial and residential installations along 

with a high scale plant is in El Borma at the Algerian 

southern frontiers, with a nominal power of 2.1 GW. Solar 

radiation charts showed that the annual solar radiation is 

more than 1.7 MWh/m
2
 in the whole country and the highest 

values occur in the southern areas (Gafsa, Gabès, Mednine,  

El-Borma) 

2.2. Geothermal Energy  

The use of geothermal energy is not recent in Tunisia.  

Geothermal sources have been used in bathing and irrigation 

hundreds of years ago. In the 80s, the local instances started 

using geothermal energy for greenhouse farming over more 

than 200 actually with a target of 315 ha by the end of 2016. 

The geothermal resources in Tunisia are dispersed between 

the northwest part and the remaining part of the territory. 

 

Fig. 1. Geothermal sources loci in Tunisia. 

The density of thermal resources is higher in the 

northwest part than in other parts of the country while  the 

flow is higher in the south (Fig. 1). The geothermal gradient 

in these resources is in the same range as the world average 

values.  

2.3. Wind Energy  

In 2013, there is still one wind farm in Tunisia, in Sidi 

Daoud (Northen part) near Cap Bon. It has been working  

since 2000. Average annual wind velocity at this location is 

8.4 m/s at 30 ma.g.l.  The project was put out to tender in 

1996 on the basis of a feasibility study which was drawn up 

between 1990 and 1992. The wind farm is equipped with 32 

turbines each rated at 330 kW each. In 2002 it generated 30 

GWh of electricity and later in 2003 it was expanded by the 

addition of 12 turbines with a capacity of 8.7 GWh. [15]. 

Since any installation of a wind system is dependent on  

two natural elements: the site and wind speed, the actual 

study focused on two important regions in the Tunisian 

territory along with wind mean speed as per the presented 

speed roses charts (Fig. 2). 

 

Fig. 2. Wind mean speed roses charts  

(North and south of Tunisia)  

The evolution of wind energy capacity between 2000 

and 2012 is presented in Figure 3. 

 

Fig. 3. Wind mean speed rose chart 

(North and south of Tunisia)  

3. Wind/Solar/Geothermal Hybrid Units Scheme 

Wind/solar/geothermal energy units (Fig. 4) are aimed at 

optimizing supply when many resources are available. With 

specific regard to power demand, the global target t 

corresponds to the implementation of approximately 5.4 GW. 

If all the resources and the projected plants (53-90 MW) are 

taken into account, the amount of annual required installation 

should be be equal to 0.3 GW, which is equivalent to the 

installation of eight plants per year, for a total period of 30 

years. 

Since actual loci for different kinds of plants do not 

match along the territory due to resources disparity, this 
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study proposes settling medium-sized hybrid 

wind/solar/geothermal elementary units whose scheme is 

presented in Fig. 4. 

 

Fig. 4. Wind/solar/geothermal medium-sized unit scheme 

4. Optimization Algorithm 

The optimization scheme is based on the Boubaker 

Polynomials Expansion Scheme BPES [16-35] and aims to 

find a scheduled repartition of wind/solar/geothermal 

medium-sized units taking into account given constraints. 

The method consisted of affecting to each unexploited zone, 

which are at the number 
0M , an integer increasing index, 

along with some aggregates as presented in Table 1. 

Table 1. Main optimizing aggregates 

Rank Aggregate Range 

A1 irradiation level 0-100 % 

A2 wind performance 0-100 % 

A3 Geothermal source 0/1 

A4 Accessibility 0-100 % 

A5 installation history 0/1 

A6 mean costs 0-100 % 

For a preset number 
0N  of aggregates 

01..i i N
A


the 

optimization is hence carried out through the Boubaker 

Polynomials Expansion Scheme BPES [16-35] and a 

standardized weight function is set as: 
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The BPES resolution is obtained through four steps by 

calculating the coefficients, 
01..k k N




 which maximize the 

standardized weight function 
0 0( , )f N M  then determining 

the rank 
 01,..i M

i


which gives minimal value of the first 

derivatives of 
0 0( , )f N M . At this stage, a specific 

wind/solar/geothermal unit is allocated to the 
thi  location.  

Iterations continue consecutively until total allocation or 

reaching time limit. 

5. Results and Discussion 

The result of the performed algorithm consists of an 

optimized and well scheduled plan for implementing the net 

of wind/solar/geothermal under the given constraints (Fig. 5).  

It can be noticed that the solution yields a spatial-

balanced installation scenario which takes into account an 

increasing part for the existing geothermal resources, mainly 

in the end of the period.  The units have different capacities, 

from 48 MW (eastern-south region) to 205 MW (north) 

depending on the wind and solar potential of that area. The 

systems will be completed by 2030 taking into account new 

constraints [36]. Moreover, the most important planned 

installation concerns the northern part with an approximated 

capacity of 205 MW in 2025. This step is in good agreement 

with local plans and dispositions [36-37]. Moreover, since 

Tunisia is one of the few developing countries to have 

developed a proactive policy for enhancing renewable energy 

use, it is obvious that the proposed wind/solar/geothermal 

plan (Fig. 5) can contribute efficiently help meeting energy 

requirements in a cost-effective manner as well as reducing 

Tunisian balance’s vulnerability to rising fossil energy costs. 

Parallel to the Tunisian Solar Plan (Plan Solaire 

Tunisien -PST) which is planned over 2016, the yielded 

result (Fig. 5) presents a plausible short-term framework for 

Tunisia’s integration into the both North-Sahara and 
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Mediterranean zones in terms of renewable energy systems . 

The approximated total additional power for the 2015-2030 

period, is about 450 MW (Fig. 5). This value ensures a 

valuable reduction of overall energy economic vulnerability, 

improves the country’s energy independence by diversifying 

supply sources through the integration of the renewable 

systems and contributes to international efforts in the fight 

against climate change. 

 

Fig. 5. Algorithm result as a scheduled plan for 

wind/solar/geothermal units installation. 

6. Conclusion 

The optimization protocol which has been performed  in 

this study has appeared to be an important tool to evaluate 

the possible use of wind, solar and geothermal resources in 

Tunisia. In order to reach this goal, the potential of wind and 

solar energy has been considered along with geothermal 

resources and opportunities. The best solution has been  

mostly a compromise solar,  wind energy and  geothermal 

energy. Three clean renewable energy choices that are cost 

efficient, immediately available and represent a better future.  

The present paper shows that Tunisia can decrease the 

dependence on fossil fuels and, as consequence, ensure a 

clean and sustainable future.Nevertheless other renewable 

energies like hydropower and biomass  have to be considered 

in order to enhance model’s efficiency. 
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