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Abstract - However, Tunisia has a high potential of renewable energies resources, the share of 
renewable energy sources in its primary energy supply is relatively low compared with European 
countries. For this reason, one of the main planned priorities of NAME (National Agency for the 
mastery of energy) is achieving a share of 11% renewable energy sources primary supply by 
2011. This paper presents technical-economic estimation for off-grid renewable generation 
systems of a site in the coastal line of North Tunisia (Monastir). The solution of wind power 
generation system combined with a diesel generator will be compared with other renewable and 
non-renewable energy sources in term of cost and performance. The HOMER model is used as a 
sizing and optimization tools. The results showed that the wind-Diesel system is the most suitable 
solution for such application and it proved that this combination (wind and diesel generator) 
engender a considerable energizing and economic profit. 

 
1. INTRODUCTION 

The conservation of energy, the prevention of the pollution, the energizing efficiency of 
the resource and the minimization cost of the system estimated on its cycle life are very 
important requirements for the best choice of such an energizing installation. Seen these 
principles, of 20-30 years all lasting energizing system will be based on the rational use of 
the traditional sources and on an increased recourse to the renewable energies since they 
offer a bigger safety of provision to the consumers with respecting the environment [1-
4].  

Among all extendable energies contributing to the production of electricity, the wind 
energy holds currently the role of the leader. It is one of the most promising, in terms of 
ecology, of competitiveness, of field of application and creation of jobs and wealth.  

However, the uncertain character of wind imposes to use some electricity storage 
units or to combine the wind system with photovoltaic panels (hybrid energy system) 
with devices of electric balance. To this effect, it is very interesting to establish a 
technical-economic study while taking into account some climatic and economic 
constraints.  

For this purpose, an optimal dimensionality of every possible system will be 
necessary and parameters of technical economic assessment will be indispensable to 
help the decision- makers to choose the energizing system having the best reliability-
price report. 

2. PRESENTATION OF THE CASE STUDY 

In this study, the load profile (Fig. 1) corresponds to a Reverse Osmosis unit of 
desalination (RO). This unit is conceived to produce 24 m3/d. It consumes about 2 kWh 
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to produce 1 cubic meter of water, therefore for this production; the consumed energy 
will reach the value of 48 kWh/d with a peak of instantaneous power equal to 4.6 kW. 

This study has been done for Monastir city, Tunisia. The latitude and the longitude 
of this town are respectively 36° N and 10° E. The site of Monastir is endowed of a 
considerable solar and wind potential. The site has an annual average of global 
horizontal radiation of 4.89 kWh/m2/d.  

 
Fig. 1: The yearly profile of the Reverse Osmosis 

This horizontal radiation allows envisaging a PV system. Besides, the site has an 
annual average of wind speed reaching 4.8 m/s. This wind speed permits to envisage a 
wind installation in this town.  

  

Fig. 2: Monthly profile respectively of the global 
solar radiation and the wind speed in the Monastir city 

The availability of such solar and wind potentials in Monastir city seems to inspire 
the development of the renewable energy systems in Monastir and that’s why Tunisia 
has a programme to develop a renewable strategy to achieve share of 11% renewable 
energy sources primary supply by 2011. This way provides a good base to the 
electrification of many rural towns in Tunisia. Fig. 02 shows the monthly variation of 
the global solar radiation and the monthly wind speed in the region of Monastir. 
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The dimensionality and the optimization of such system imply the determination of 
the nominal features of the sources and system of storage, for energizing resources and 
for the constraints of use data. In the literature, several software of dimensionality and 
simulation of the renewable systems exist as: HOMER, SOMES, RAPSIM, SOLSIM, 
INSEL… [5].  

In the setting of this study, HOMER (version 2.67) [6] has been used as a tool of 
dimensionality and optimization. HOMER contains several models of the energizing 
components of which he values the based appropriate technological options on the cost 
and the performance of resources [7]. 

The capital, the replacement cost, the operational and maintenance cost and the fuel 
of every component considered on the simulation are recapitulated in Table 1. 

Table 1: Economical and fuel inputs data 

Component Capital ($) Replacement O & M ($/h) Fuel (l/h) 

W.T (XLR) 19400 15000 75 0 
PV 7000 6000 0 0 
D.G 5000 2500 0.150 0.8 
Batteries 1250 1100 0 0 
Converter 1000 800 0 0 

The minimum profitability rate required by the system, under the heading ‘‘interest 
rate’’, is considered 8 %, the project lifetime is estimated to 25 years and the fixed 
capital system is considered 1500 $. The maximum fraction of the non satisfied load 
and the minimum penetration rate of the renewable energies are considered respectively 
1 % and 50 %. 

3. RESULTS AND DISCUSSION 
HOMER simulates system configurations with all of the combinations of 

components that were specified in the component input. It discards from the results, all 
non-feasible system configurations, which are those that do not adequately meet the 
load, given either the available resource or constraints that were specified. In the overall 
optimization results table, list of all the system configurations that HOMER found to be 
feasible is displayed.  

They are listed in the order (from top to bottom) of most cost effective to least cost 
effective. The cost effectiveness of a system configuration is based on its net present 
cost, displayed under the heading ‘‘Total NPC’’ in the results tables (Fig. 3). 

In the categorized optimization results table, HOMER displays only the most cost-
effective configuration of each system design. Using HOMER is an iterative process. It can 
start with rough estimates of values for inputs, results checked, estimates refined and the 
process repeated to find reasonable values for the inputs. 

It is found that the hybrid energy systems where electricity is generated using 
multiple renewable sources significantly improves efficiency, and the sustainability of 
such a system. One can observe that the Wind-Diesel system is the optimal solution in 
term of cost among all possible configurations. The balance cost of the different 
components of the optimal system is summarized in the following table. 
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Fig. 3: Results per category 

Table 2: Economical Outputs 

Component Capital Replacement O & M Fuel Salvage Total 
W.T (XLR) 19400 $ 3218 $ 801 $ 0 $ -1643 $ 21776 $ 
D.G. 2500 2987 2791 15290 -188 23380 
Batteries 7500 3662 0 0 -883 10278 
Converter 2800 0 0 0 0 2800 
Other 1500 0 1067 0 0 2567 
System 33700 9867 4556 15290 -2714 60802 

The average electric production of the optimal system, the battery bank state of 
charge and the monthly production of the wind turbine as well as the diesel generator 
are illustrated in the following figure. 
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Fig. 4: Electrical Outputs data of the wind-diesel system 

It is noticed that comparing the wind system with the wind-diesel system, the 
addition of a diesel generator permit to reduce the number of wind turbines which gives 
to the system a competitive cost.  

In addition, the system can also generate an electric power covering the demand 
during, roughly, the two third of the year, the number of the batteries decreases from 36 
to 6 ones, and therefore the net present cost of the installation decreases considerably 
because the cost of the storage system presents a heavy financial burden currently for all 
autonomous installations. 

In the literature, it is often used to consider the ''LPSP'' (Loss of Power Supply 
Probability) to value the non satisfaction rate of the load. 

The LPSP is defined as the fraction of the deficit energy of the load. The LPSP is 
also called the probability of loss energy. For one analysis period T , total of load 
energy, )t(ED . The probability of loss of ¨LPSP¨ energy is defined by the following 
expression: 
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According to the obtained results of the LPSP analysis corresponding to the mono 
sources renewable energy systems and the optimal hybrid energy system (wind-diesel ), 
it is noticeable that in spite of the best electric load cover by the PV system the wind-
diesel system has a very weak LPSP which reflects that it satisfies well the energizing 
demand thanks to the good stability of the electric production offered especially by the 
diesel generator in the periods of calmness where the only wind system seems unable to 
satisfy the totality of the load and the batteries would discharged.  

The Table 3 summarizes the LPSP of each studied system. 

Table 3: The LPSP of each studied system 
System LPSP 

PV 1.75 10-9 
Wind 0.0014 
Wind/Diesel 1.97 10-9 
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5. CONCLUSION 
This paper was devoted to simulating and sizing the renewable energy systems in 

Monastir city. From the results of the system we have designed, it is recommended to 
implement the wind-diesel system in similar sites .We have compared different 
combinations of component sizes and quantities, and explored how variations in 
resource availability and system costs affect the cost of installing and operating different 
system designs. Generally, the addition of a diesel generator to a renewable energy 
system can on the one hand increase the reliability of the system and on the other hand 
generate a considerable energizing and economic profit.  

The obtained results are very encouraging. We have found out that it so interesting 
to implement a hybrid system in Monastir city or in similar north coastal towns in 
Tunisia. This is a tool to evaluate and validate the great renewable energy potential 
available in Tunisia. 

This could be enough to take a decision concerning the choice about the best 
environmental solution .It will be necessary to use the genetic algorithms in order to 
simulate a numerous parameters affecting the optimality of such system including its 
gas emissions. 

Whereas, some important technical constraints, including bus voltage, intermittent 
performance of components within each hour time period, synchronism of power 
sources and complex diesel generator dispatch strategies are beyond the scope of an 
economic model such as HOMER. Other design tools for hybrid power systems, such as 
Hybrid2, Simulink, can simulate these and other technical constraints. 
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