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Abstract— An optimization approach for modeling a 

hybrid power system with zero load rejection is presented. This 

optimization method considered the size of Photo-voltaic (PV) 

system, the gas turbine generator (GTG) and the battery 

storage capacity for loss of load probability (LLP), less than 

0.01. Also, the battery control part was considered in the study. 

Besides, the daily solar energy for Universiti Teknologi 

PETRONAS (UTP), the meteorological data of the PV system 

was used. The aim was to reach the technical requirement of 

the power reliability in Malaysia with a minimum annual life 

cycle cost. To achieve this aim, an improved algorithm was 

proposed in this paper. A comparison between the existing 

system (GTG), Tenaga Nasional Berhad (TNB) supply system, 

stand-alone PV system and the proposed hybrid system was 

presented in term of the annualized total life-cycle cost 

(ATLCC). The results showed that the proposed algorithm can 

reduce the annual cost for the system by 2.1 million USD where 

the TNB can reduce 1.16 million USD with compared to 

existing GTG system. 
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I. INTRODUCTION (HEADING 1) 

The rapid growth of the energy demand made the prices 

of conventional power sources such as oil, gas, and coal to 

increase in the world. In addition to that the carbon dioxide 

emissions which are the main reason for global warming 

also increased. The energy consumption growth averaged 

2.2% in 2017, up from 1.2% last year and the fastest since 

2013 which compares with the 10-year average of 1.7% per 

year [1]. Carbon emissions from energy consumption 

increased by 1.6%, after little or no growth for the three 

years from 2014 to 2016. The oil price (Dated Brent) 

averaged USD 54.19 per barrel, up from USD 43.73/barrel 

in 2016 [1] which was the first annual increase since 2012. 

The whole world now is going toward renewable energy, to 

overcome the problem of the fuel cost, gas emission, and 

even the close time of conventional power sources end. 

Renewable power grew by 17%, higher than the 10-year 

average and the most substantial increment on record and 

the wind provides more than half of renewables growth, 

while solar contributed more than a third despite accounting 

for just 21% of the total [1]. 
. 

II. METHODOLOGY 

A. Optimization Stages 

There are three stages in the optimization process: the 

first stage starts by defining the specification of the 

components used in the system such as the PV module 

efficiency, wires efficiency, battery voltage, battery 

charging efficiency, hourly load demand, level of 

availability, and meteorological variables such as solar 

energy and ambient temperature. The ranges of the search 

space for the sizing process are supposed to be set between 

0 and infinity, however, the algorithm, in this case, will 

diverge. Thus, the intuitive method is used first to obtain the 

approximate ranges of the search space according to the 

average daily load demand. The initial value of the search 

space for the number of PV modules and the battery bank 

capacity can be calculated by (2) and (13). In the second 

stage, an hourly energy flow model is implemented to 

calculate the LLP for each configuration utilizing the 

implied models. the second stage starts by initiating two “for 

loops” to handle all the PV/battery configurations based on 

ranges of search space. In the third step, all of the 

configurations that have obtained from the previous stages 

are nominated based on the desired LLP. After defining the 

optional design space that meets the desired LLP, the annual 

total load cycle cost (ATLCC) of each configuration in the 

design space has calculated. Finally, the best configuration 

that achieves the minimum ATLCC has been selected as an 

optimum size of the system. In this paper, the research 

follows the sequence of Figure 1 

III. CONCLUSION 

The size optimization of the hybrid PV/GTG system has 

been performed in this research. The optimization reached a 

minimum ATLCC with the accepted technical requirements. 
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Figure 1: Methodology flowchart 
 

The optimization problem started in terms of the high 

operating cost of the GTG due to the rapid increase in gas 

prices. The proposed algorithm found the solution to this 

problem and has been considered the battery control section. 

Finally, the recommendation of this optimization method 

which given for the hybrid PV/GTG system in UTP. The 

comparison between the existing system (GTG), TNB 

supply system, stand-alone PV system, and the proposed 

hybrid system has been presented in term of the ATLCC. 

The result of the optimization shows that the improved 

algorithm reduces the ATLCC with 38% compared to the 

existing system at LLP = 0.0097 less than 0.01 of Malaysia. 

However, the data that is collected from the cite based 

on small 2kW system is not the same if it has been taken 

from a true large system. Furthermore, the small error 

between the PV mathematical model which given by (1) and 

the cite collected data produces more error with the large 

size system. In addition to that, the capital cost of the GTG 

is not considered in this study as there is no available data 

about it which will make the new system more beneficial in 

the cost saving. It is very much recommended to use the 

experimental data that is collected from the small PV system 

in artificial neural networking model to get more accurate 

results for the PV power output. 
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