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ABSTRACT 
 The changing of the electricity market from a regulated to a partially deregulated 

market, multi-objective functions, the uncertainty of demand growth, the uncertainty of 

renewable energy (RE) supply, and uncertainty of independent power producer (IPP) 

investment decisions along with the power purchase agreement (PPA) are problems in 

Indonesia's generation expansion planning which have an impact on the accuracy and 

optimization of results. However, the optimization method for generation expansion 

planning currently used by PT PLN has not considered these problems. In addition, 

any uncertainty in these problems will impact the planning with different significance 

values. Therefore, this study will focus on developing optimization methods that can be 

used to solve the problem of partially deregulated generation expansion planning as a 

multi-objective function by considering the uncertainty factors of demand growth, RE 

supply, and IPP investment decisions along with the PPA value. 

 This study aims to develop an optimization method that can represent the process 

of IPP competition in a partially deregulated market as a multi-objective (economic 

and CO2 emission objective function) by considering the uncertainty factors. In 

addition, this study also aims to obtain the characteristics of the influence of each 

uncertainty factor used and its significance to the partially deregulated generation 

expansion planning as a multi-objective function. This study develops an optimization 

method called the modified game theory method. The modified game theory method 

combines majority–dominant–mixed strategy game theory, linear programming 

problem, four levels, forward-moving approach and block mechanism to achieve 

research objectives. 

 The modified game theory is implemented using two test systems and the Lombok 

system. Test system 1 is used to determine the time complexity characteristics of the 

proposed method, and Test system 2 is used to test the validity of the proposed model. 

The Lombok system is used to show the proposed method's performance in the actual 

system and to show the impact of uncertainty in the partially deregulated generation 

expansion planning. 
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 Based on the implementation results in test systems, it can be seen that modified 

game theory can provide valid and optimal results with a lighter computational load. 

Meanwhile, the implementation results in the Lombok System show that modified game 

theory can fill the gaps in the regulated market-based optimization method used by PT 

PLN to assess interest in IPP investment and its PPA value. The RE uncertainty does 

not affect IPP strategic decisions in the Lombok System. However, the RE uncertainty 

affects the Lombok system's LCOE. The demand uncertainty significantly affects the 

strategic decisions of IPP and LCOE in the Lombok system. Because of the demand 

uncertainty, the generation expansion planning produces many results variations. In 

the Lombok system, the significance level of the impact of demand uncertainty is 

greater than the impact of RE uncertainty, either when modelled separately or 

combined. Demand uncertainty significantly impacts IPP investment decisions and the 

energy mix. Meanwhile, the RE uncertainty affects the energy mix and the LCOE with 

a less significant impact. 
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