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Malaysia Energy Commission announced that an additional 4,100 MW of power generation 
capacity from the first generation Power Purchase Agreement (PPA) comprising combined 
cycle and open cycle gas fired power plants will be retired from 2015 to 2017. Malaysia’s 
generation mix is dependent on a single fuel which is not a good option for long-term energy 
sustainability and security. Therefore, it is important for Malaysia to find an optimum 
generation mix strategy considering other alternative resources. This paper proposes to 
determine optimum generation mix for 4,100 MW Malaysia’s additional generation capacity 
using Evolutionary Programming (EP) considering four technology options, namely nuclear, 
coal, natural gas and renewable energy (RE). The possible solution of generation mix will be 
compared based on three objective function i.e. economic cost, socio-environmental and power 
system reliability. The model takes into account characteristics associated with different 
technologies, such as the investment cost, the operation and maintenance cost and the carbon 
cost. Result shows that, the optimum generation mix for Malaysia’s additional capacity in term 
of cost factor will be 45.65% is from RE, 28.70% from nuclear, 14.39% from coal and 11.26% 
from natural gas. The generation mix considering carbon emission factor will be 40.46% from 
RE, 30.73% from nuclear, 22.45 % from natural gas and 6.36% from coal power plant. In order 
to achieve higher system reliability, the optimum generation mix for Malaysia will be 37.10% 
from nuclear, 26.27% from RE, 25.41% from natural gas and 11.22% from coal plant. 
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1. Introduction 
 

In 2012, about 90.26% of electricity generation in Peninsular Malaysia was generated 

using fossil fuel and 8.69% from hydropower and other is from Renewable Energy (RE) 

[1]. Malaysia’s power generation is over-dependency on a certain fuel types which is not a 

good option for long- term solution. Besides, Malaysia’s Prime Minister has announced that 

Malaysia is willing to reduce 40% of its carbon intensity emission per GDP by 2020 from 

the 2005 baseline[2]. In addition, Malaysia is also targeting to maximize its power system 

reliability by minimizing the Loss-of-Load Probability Index (LOLP).  

 A total capacity of 4,100MW of Independent Power Producer (IPP) generating capacity 

involving combined cycle and open cycle gas fired power plants will be expired between 

2015 and 2020. These power generation plants include Stesen Janakuasa Serdang, Stesen 

Janakuasa Sultan Iskandar Pasir Gudang, Genting Sanyen Power Berhad, YTL Power 

International Berhad, Powertek Berhad and Malakoff Port Dickson Power with capacity of 

625 MW, 729 MW, 762 MW, 1170 MW, 434 MW and 436.4 MW respectively. Thus, 

Malaysia Energy Commission need to find an optimum generation mix planning by also 

allowing other type of energy sources such as nuclear and renewable energy. 
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There are four types of candidate generation technologies have been considered in this 

paper which are nuclear, coal, natural gas and RE. Natural gas is one of the main sources in 

Malaysia however its production is now depleting. Coal is cheaper than natural gas but the 

disadvantage lies in its high impact to environment. Nuclear is capable to produce large 

amount of energy and reduce carbon emission; however public acceptance and safety are 

the main concern. While, RE is environmental friendly resource and has high potential to 

reduce carbon emission and eliminate pollution, however its high investment cost and small 

capacity are the main limitation. 

There are numbers of computational optimization technique than can be used for 

determining optimal generation mix. Power generation mix planning can be categorized 

into two different approaches which is the traditional approach and the artificial intelligent 

approach also named as the meta-heuristic approach. Traditional approaches are based on 

mathematical programming in order to solve generation expansion planning problem such 

as Linear Programming [3][4][5] and Dynamic Programming [6][7][8]. The other approach 

is based on Artificial Intelligent (AI) technique such as Evolutionary Programming 

(EP)[9][10][11], Evolutionary Strategy (ES)[12], Genetic Algorithm[8] and Particle Swarm 

Optimization (PSO)[13][14]. 

This research proposes to find an optimum generation mix for 4,100 MW Malaysia’s 

additional generation capacity to replace the near future retirement units using EP by 

considering four technology options, namely nuclear, coal, natural gas and RE. The 

generation mix for these technologies will be compared based on three criteria which are 

economic cost, socio-environmental impact and power system reliability. 

 

2.  Notation 
 

The notation used throughout the paper is stated below. 

 

Indexes: 

EP Evolutionary Programming 

RE 
LOLP 

LDC 

IEA 

FOR 

MW 

COPT 

Renewable Energy 

Loss of Load Probability 

Load Duration Curve 

International Energy Agency 

Forced Outage Rate 

Mega Watt 

Cumulative outage probability table (COPT) 

 

Constants: 

 fixed cost of the system [USD/MW] 

 variable cost of the system[USD/MWh] 

 investment cost of generating unit i [USD/MW] 

 

 

marginal cost of the generation unit i, [USD/MWh] 

carbon cost coefficients, [USD/MWh] 

 load produced by generating unit i at segment s [MW] 

 period of segment s of Load Duration Curve (LDC) 

 decision variable for unit i for each type of generation sources 
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3. Problem formulation 

 
3.1. EP-Based Generation Mix Model 

3.1.1 Economic cost factor 

 

The investment cost and marginal cost of power plants used in this paper are based on 

data obtained from International Energy Agency (IEA). The first objective function is to 

minimize the total economic cost. The total cost of generating electricity is equal to the sum 

of the fixed cost and variable cost as follows:    

        

          (1) 

 

The optimization is subject to some constraints such as, the total capacity of the power 

plants must equal to 4,100 MW and the capacity limit of nuclear, coal, natural gas and RE 

power plant is between 100 MW to 2,000 MW.  

                 (2) 

 

The fixed and variable costs are calculated using equations below: 

 

                        (3) 

                     (4) 

 

where,  is the number of power generating units , is decision variable for unit i for each 

type of generation sources  , is the total fixed cost of the system, 

is the variable cost of the system, are installed capacity decision 

variable for nuclear, coal, gas and RE repectively, is the investment cost of generating 

unit i, is the marginal cost of the generation unit i,  is the load produced by 

generating unit i at segment s and is period of segment s of Load Duration Curve 

(LDC).  

 

3.1.2 Carbon Dioxide (CO2) Gaseous Emission 

 

Next objective function is to minimize carbon emission and it is calculated by multipling 

socio-environmental cost coefficients, ci with energy output of generation unit i. In this 

paper, the socio-environmental cost coefficients is also based on data from IEA. The carbon 

cost are calculated using equation below: 

 

                (5) 

 

Where, is the total carbon emission cost,  is the socio-environmental cost coefficients 

and   is the load produced by generating unit i at segment s. 

3.1.3 System Reliability 

In this paper, power system reliability is calculated using LOLP. Capacity outage 

indicates a loss of generation which may or may not result in a loss of load. This condition 

depends on the generating capacity reserve margin and the system load level. A loss of load 

will occur only when the capability of the generating capacity remaining service is 
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exceeded by the system load level[15]. The LOLP in each segment of the LDC is calculated 

using equation below: 

 

                (6) 

 

where  is the actual committed capacity at segment s of the load duration curve,  is 

the capacity on outage for element  in the cumulative outage probability table (COPT), 

 is the system demand at segment ,  is the probability of loss 

of load for element  when the system demand exceeds the capacity in service, which can 

be directly obtained from the COPT. 

3.2. Economic Dispatch 

 

Economic dispatch is a short term determination of the optimal output of a number of 

electricity generation facilities to meet the system load at the lowest possible cost. 

Economic dispatch is modeled in the EP-based generation mix model to calculate the power 

dispatched by the generating units in the system hence production cost of each unit. The 

economic dispatch is performed for each segment of the load duration curve (LDC). Fig. 1 

shows the six-segment of discretized additional 4,100 MW LDC used in this paper.    

 

Fig.1 Load Duration Curve 

The economic dispatch is modeled as an optimization problem in which the total yearly 

operating cost is minimized: 

 

                    (7) 

 

The objective function is subject to several constraints: 

 

                       (8) 

                           (9) 

Where,  is system demand at segment s. and  is minimum and maximum 

output power of the generating unit.  

The first constraint is enforced so that the selected generation meets the load demand of 

segment s; as in equation (8). Each of generating unit is also constrained by its minimum 

stable generation and the maximum capacity that can be supplied as in equation (9). 
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3.3. Evolutionary Programming (EP) 

 

EP is populations based generate and test approach, in which mutations are the search 

operators to generate new solutions. EP was first developed in the 1960s by Fogel et al. for 

the evolution of finite state machines to solve prediction tasks [16][17]. EP is a mutation-

based evolutionary algorithm applied to discrete search space, which is based on the basic 

genetic operation of human chromosomes that operates with the stochastic mechanics. 

Generally, EP consist of two major steps which are mutate the solutions in the current 

population and next select the next generation from the mutated and the current 

solutions[18].  A selection scheme is applied to test which of the newly generated solutions 

should survive to the next generation [19]. 

The objective of EP technique is to optimize fitness which can be represented using 

mathematical equations either to minimize or maximize the fitness. In this study, there are 

three objective functions which are to minimize the total cost of the generation mix, 

minimize environmental impact by reducing carbon emission and maximize reliability of 

the system by reducing Loss-of-Load (LOLP) index.  

There are few phases involved in EP techniques in order to obtain the objective functions 

which are summarized as follows: 

3.3.1 Initialization Phase 

The initialization phase or also known as pre-optimization phase is where the random 

number was generated which represents the variables to control the objective function. In 

this case study, the variables used are nuclear, coal, natural gas and renewable energy 

which represent the capacity of each power plant. The constraints for each variable must be 

set in this phase, in order to obtain accurate value. The command used to generate random 

number is as following: 

                       (10) 

Where  is number of row,  is number of column,  is the offset and  is the minimum 

random number. 

As 20 population of random number were generated from the constrained that have been set 

earlier, the variables can be classified as an acceptable value or known as installed capacity. 

From the acceptable population, load the numbers into pool population to find the fixed 

cost and the variable cost (economic cost), the carbon cost and the LOLP in each segment 

of the load duration curve (LDC).  

3.3.2 Fitness Phase 

The  fitness  is  the  equation  or  the  function  to  be  optimized.  It can be either a single 

mathematical equation or a set of sub-program. For this study, the objective function is to 

minimize the total economic cost, minimize carbon emission and maximize the system 

reliability by minimizing the LOLP in each segment of LDC. 

3.3.3 Mutation Phase 

From the fitness value, mutation phase is important to generate offspring or children. In 

mutation phase, there are various method can be implement, however for this case study 

Gaussian mutation operator had been applied. 
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The Gaussian’s formula is as following: 

             (11) 

Where,  is the offspring,  is parents,  is search step,  is maximum parents, 

 is the minimum parents and  is the maximum fitness. 

3.3.4 Combination Phase 

When new offspring have been mutating, the parent and the children were combined at the 

combination phase. The number of rows were became doubled as the values of parent and 

the offspring were combined together in series. 

3.3.5 Selection Phase 

In selection phase, the survivors were determined. The sets of variables are ranked 

according to their fitness value. There are two types of sorting; 1) ascending and 2) 

descending order. In this study, the fitness value is ranked in the descending order.  

3.3.6 New Generation Definition Phase 

The new generation definition displays the new output of the variables from the fitness that 

have been optimized.  

3.3.7 Convergence Test Phase 

Convergence test is to determine the stopping criterion of the simulation. If the difference 

between the maximum fitness and minimum fitness is zero, the solution is said converge 

and the simulation stops. The value of accuracy was set to 0.001 as shown in the equation 

below:  

                      (12) 

4. Case study 
 

The proposed EP based generation mix model has been tested for 4,100 MW Malaysia’s 

additional capacity using three different objective functions which are to minimize 

economic cost, maximize reliability by reducing LOLP and minimize environmental impact 

by reducing carbon emission. Table 1 shows the expansion data consists of fixed cost, 

variable cost, carbon cost coefficients and force outage rate (FOR) index for each candidate 

power plant. The data for fixed cost, variable cost and carbon cost coefficients are obtained 

from International Energy Agency (IEA). 

 

Table 1: Expension data for EP-based generation mix 

Parameters Unit Nuclear Coal Gas Renewable Energy 

Fixed Cost USD/MW 3814 2310 1039 6365 

Variable Cost USD/MWh 9.33 19. 60 49.27 0 

Carbon cost coefficients USD/MWh 0 26.40 14.74 0 

Forced outage rate - 0. 04 0. 06 0. 04 0. 08 
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4.1. Economic cost factor 

 

Table 2 shows the optimum installed capacity for each type of power plant when 

considering economic cost factor. It is seen that, RE has the highest capacity with 1,862.68 

MW followed by nuclear with 1,171.14 MW, coal with 587.39 MW and natural gas with 

459.31 MW. The total cost for the optimum generation mix is 414,010,985 USD, the socio-

environmental cost is 195,672,127 USD and the total LOLP after optimization is 

0.108260997. Based on Fig. 2, the percentage of optimum generation mix for Malaysia’s 

additional 4,100 MW capacity considering economic cost factor are, where 45.65% RE, 

28.70% from nuclear, 14.39% from coal and 11.26% from natural gas. 

 

4.2. Socio-environmental cost factor 

 

For socio-environmental cost factor, the optimum installed capacity is 1,652.79 MW 

from RE, 1,255.56 MW from nuclear, natural gas and coal by, 917.06 MW from natural gas 

and 259.71 MW from coal. It can be seen that the total carbon emission cost in term of 

socio-environmental cost factor is reduced by 9.37% when compared to total carbon 

emission cost in the case of economic cost factor. The percentage of optimal generation mix 

in term of socio-environmental cost factor are 40.46% from RE, 30.73% from nuclear, 

22.45% from natural gas and 6.36% from coal plant. It is clearly seen that from Fig. 2, the 

percentage of coal plant reduced from 14.39% to 6.36% when considering the socio-

environmental cost factor. This could help to reduce carbon emission gaseous to 

atmosphere. 

 

4.3. Reliability factor 

 

On the other hand, when considering reliability factor as objective function, the highest 

installed capacity is contributed by nuclear power plant with 1,521 MW and followed by 

RE with 1,077 MW, natural gas with 1,042 MW and coal plant with 460 MW. The 

percentage of optimal generation mix for 4,100 MW Malaysia’s additional capacity 

considering reliability factor is 37.10% from nuclear plant, 26.27% from RE, 25.41% from 

natural gas and 11.22% from coal. The result shows that the LOLP considering reliability 

factor is less half compared to LOLP in the economic cost and socio-environmental cost 

factor. The minimization of LOLP is able to maximize the system reliability. 

 

Table 2: Installed capacity after optimization for each factor (MW) 
 

Factor Nuclear 

(MW) 

Coal 

(MW) 

Natural 

Gas 

(MW) 

Renewable 

Energy 

(MW) 
 

Total Cost 

(USD) 

Total CO2 

(USD) 
Total LOLP 

 

Economic cost 
1171.14 587.39 459.31 1862.68 414, 010,985 195,672,127 0.108260997 

Socio-

environmental cost 
1255.56 259.71 917.06 1652.79 561,162,453 178,903,124 0.108261 

Reliability 1521 460 1042 1077 593,343,420 332,573,934 0.056077649 
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Fig. 2 Optimize generation mix for economic cost,socio-environmental and reliability 

factor 

5. Conclusion 

 

In this paper, Evolutionary Programming (EP) technique has been used to determine 

optimum generation mix for Malaysia’s additional capacity at least cost, least socio-

environmental impact and maximize system reliability. Four different types of power 

generation technologies i.e. nuclear, coal, natural gas and RE have been used as the 

candidates for expansion. Results show that the optimal generation mix for Malaysia’s 

additional capacity at least cost will be 45.65% from RE, 28.70% from nuclear, 14.39% 

from coal and 11.26% from natural gas. For socio-environmental cost factor, the optimal 

generation mix will be 40.46% from RE, 30.73% from nuclear, 22.45% from natural gas 

and 6.36% from coal plant. On the other hand, in term of reliability factor, the optimal 

generation mix will be 37.10% from nuclear plant, 26.27% from RE, 25.41% from natural 

gas and 11.22% from coal. 
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