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Abstract-- Stand alone wind-diesel power systems can be an 

attractive solution for the supply of remotely located consumers 
or the provision of enhanced energy independence. This study 
presents the dynamic behavior of a hybrid power system 
containing a prior wind generator and a supplementary 
generator set driven by a combustion engine, thus independently 
and economically supplying electrical load demand for the main 
hospital in Gaza-Strip – Palestine. Accumulator bank and 
electrolyzer plus hydrogen storage tank are added as short term 
and long term storage devices – respectively – in order to balance 
power in the system. To analyze the behavior of the above 
mentioned power system, the measurements for wind speed were 
taken from a meteorological station located in the relevant 
coastal area, for relatively more than one year; correspondingly, 
the electrical load shape of the hospital had been recorded in high 
temporal resolution. Stored hydrogen is injected to the generator 
set under a prescribed scenario of operation. The simulation 
results prove that continual electricity supply at low emissions 
and high degree of energy independence is possible. 
 

Index Terms-- battery-bank; generator set; hydrogen storage 
tank; renewable energy; stand-alone system; wind turbine. 

 

I.  INTRODUCTION 
ver the past few years, the total electricity needs have 
steadily been on the rise. Recent studies are expecting 

that conventional sources of primary energy will be rare, if not 
exhausted, thus encouraging scientists and engineers to find 
alternative and sustainable sources of energy. Moreover, 
environmental aspects play an important role to limit the green 
house effect gases exhausted by the fossil fuelled power 
plants. To achieve this, many projects have been supported to 
develop technologies to exploit, as efficiently as possible, 
clean energy sources. The technology with the greatest impact 
in this area is the wind power generation. Such alternative 
sources of energy are not required to fully replace 
conventional types everywhere; rather, they are useful to be a 
supplementary factor besides traditional sources, especially in 
developing public utilities – hospitals and water pumps – and 
rural areas where strong conventional energy grids do not yet 
exist or some external restrictions prevent demands to be  
supported. In these places, many diesel generators are used to  
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meet the load demands. Nevertheless, several problems occur 
such as the extra cost to transport the fuel to the target area. 

Transportation system breakdown is another problem to 
support the continuous need of fuel to the electric power 
generator. Furthermore, continuing escalation in the fuel price 
make it cost effective to use the renewable energy sources. 
Thus, they can play an important role in the future. 

Wind-diesel power systems are the most appropriate hybrid 
systems utilized in weak or isolated power systems. The first 
commercial application of High-Penetration, No Storage, 
Wind-Diesel (HPNSWD) technology was installed in 1999 by 
Northern Power System (Vermont, USA) on St. Paul Island, 
Alaska [1]. One of the main challenges with these types of 
power systems is the reliability and quality of the produced 
power [2]. As a matter of fact, fluctuations in the output power 
result from variations in the wind speed. One way to overcome 
this problem is to include different kinds of energy storage 
(e.g., accumulator batteries for small appliances, or generation 
and storage of hydrogen gas by electrolysis and pressure tank 
– respectively – and use of this gas for a combustion motor 
driven generator). 

Storage technologies which are based on hydrogen 
production and utilization – that is expected to be used for 
very different applications – constitute some interesting 
advantages in terms of cost, independency and environmental 
effects [3]. 

Combination of short term and long term energy storage 
devices has many advantages. A battery-bank can be used to 
meet the peak power demands as well as eliminate the 
fluctuations to the input power of the electrolyzer; hence, the 
size of the electrolyzer can be minimized while its life-time 
expectancy will evolute. A large electrolyzer is inefficient to 
respond to the fast changes and high peak power excess [4]. 
Thus, the combined energy storage system can be operated 
more efficiently than a single hydrogen storage system. 

The Near-East region – especially Palestine – was selected 
as the area of study. Availability of appreciable wind speeds 
and solar radiations drew the attention of engineers to use the 
clean sources of energy to face the continuous lack of the 
produced power. Incredible increase of populations together 
with growth of societal development forced the responsibles to 
think in detached power systems. Unstable political situations 
and the age of the local power grid are also strong reasons 
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It is noticed that the diesel fuel consumption is only 280 
tons instead of 1975 tons with pure diesel based generation for 
the same period of time. More deeply, one can strongly say 
that the proposed hybrid wind-diesel power system performs 
significant cost advantages in comparison with diesel fuel 
only; and this even under inclusion of the investment cost as 
shown in [23]. The corresponding fuel cost is relatively higher 
than 0.4 Million Euro, being less than 15% of a diesel-only 
solution (about 2.96 Million Euro) to provide independence of 
the public grid. 

These impressive results – especially economically ones – 
encourage the responsibles to use such clean sources of 
energy, achieve fuel cost saving and relative independence of 
fuel delivery, as mentioned before. 

VI.  CONCLUSION, SUMMARY, AND OUTLOOK 
A hybrid wind-diesel power system was investigated in this 

paper, applied to a stand-alone electricity supply of the main 
hospital in Gaza-Strip as a relevant and realistic case study. 
MATLAB/Simulink models were introduced for the wind 
generator, dual-fuel generator set, hydrogen storage path and 
accumulator bank. Simulation results over one year, based on 
real wind harvest and load data, proved that the chosen rating 
of components in connection with the implemented operation 
strategy for the plant leads to efficient, continuous and 
independent supply with an amount of used diesel fuel below 
15% of that needed for conventional independent electricity 
supply purely based on diesel generation. 

Further work will aim in additionally investigating re-use 
of the waste heat of the combustion engine. Regarding the 
hospital example, surgical demands, air conditioning (by 
absorption coolers) as well as hot water supply are vigorous 
heat absorbents. In this way, the overall efficiency of the 
system can further be enhanced. 
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