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Abstract – Multi-objective-based power system expansion planning considering distributed 
generation is presented in this study. An integrated model of electrical power system expansion 
planning with renewable energy-based distributed generation is proposed. Two objective 
functions, cost and the emission objective function, are implemented in the proposed model. The 
cost function comprises investment cost and operation cost. The investment cost covers the cost of 
the new generation unit, the new distributed generation unit, and the investment for the new 
transmission circuit. The operation cost covers the operation cost of the installed and new 
generation unit and the operation cost of the installed and new distributed generation unit. Two 
emission gasses, CO2 and NOx, are considered in the proposed model. These two gasses are 
expressed in the same unit as Global Warming Potential.  The developed model is implemented 
into the IEEE 14 bus system. Lexicographic optimization combined with the epsilon constraint 
technique is used to solve the multi-objective problem. A Pareto optimal solution is generated by 
this method. Then, the fuzzy decision-making process is implemented to select the best solution 
from the Pareto set. The simulation results show that the distributed generation significantly 
reduces the overall cost of power system expansion planning. With a 30% DG penetration level, 
overall planning costs can be reduced by 12.62% compared to without DG penetration with an 
equal weighting factor for each objective function. Details of the capacity expansion of the 
generation unit, distributed generation unit, and transmission line are presented in this study. 
Copyright © 2019 Praise Worthy Prize S.r.l. - All rights reserved. 
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Nomenclature 
n Number of buses 
l Line index connected bus i and 

bus j 
el Subset of l for existing line 
nl Subset of l for new line 
gt Technology of generation unit 
ng Number of generation unit 
go Capacity option of generation unit 
nc Number of parallel line 
dgt Technology of DG unit 
ndg Number of DG unit 
dgo Capacity option of DG unit 
o Demand operating hour 
퐸푃퐺푀푎푥 ,  The maximum capacity of 

installed generation unit on each 
bus and technology 

퐸푃퐷퐺푀푎푥 , ,  The maximum capacity of 
existing DG unit for each bus, 
technology, and DG number 

푁퐺퐶표푠푡 ,  Investment cost new generation 
unit for each technology and 
capacity option 

푁퐷퐺퐶표푠푡 ,  Investment cost of new DG unit 
for each DG technology and 
capacity option 

푁퐿퐶표푠푡 ,  Investment cost of new line 
connected bus i to bus j 

퐺푣푎푟퐶표푠푡  Variable OM cost for each 
technology of generation unit 

퐺퐹푖푥퐶표푠푡_푔푡 Fixed OM cost for each 
technology of generation unit 

퐷퐺푣푎푟퐶표푠푡  Variable OM cost for each 
technology of DG unit 

퐷퐺퐹푖푥퐶표푠푡_푔푡 Fixed OM cost for each 
technology of DG unit 

푃퐷푀푎푥 ,  Maximum demand power in each 
bus and operating hour 

푁푃퐺퐶푎푝푂푝푡 ,  Capacity option of each 
generation technology 

푁푃퐷퐺퐶푎푝푂푝푡 ,  Capacity option of each DG 
technology 

퐵퐿  Susceptance of line l 
푁  Number of existing parallel circuit 

of line l 
푃퐿푀푎푥  Maximum capacity of line l 
푀푎푥푅푀 Maximum reserve margin 
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퐸푙푒푐 , ,  Electricity production by 
generating on each bus, 
technology, and generation 
number 

퐸푙푒푐퐷퐺 , ,  Electricity production by DG on 
each bus, technology, and DG 
number 

퐶푎푝퐹푎푐  Capacity Factor of each 
generation unit technology 

퐷퐺퐶푎푝퐹푎푐  Capacity Factor of each DG unit 
technology 

푀푂퐻  Maximum operation hour of each 
generation unit technology 

퐷퐺푀푂퐻  Maximum operation hour of each 
DG unit technology 

푃푂푅  Planned outage rate of each 
generation unit technology 

퐹푂푅  Forced outage rate of each 
generation unit technology 

퐷퐺푃푂푅  Planned outage rate of each DG 
unit technology 

퐷퐺퐹푂푅  Forced outage rate of each DG 
unit technology 

푈퐺 , , ,  Binary variable of new generation 
unit 

푈푇 , ,  Binary variable of new 
transmission line 

푈퐷퐺 , , ,  Binary variable of new DG unit 
퐸푃퐺 , ,  Capacity production of existing 

generation unit for each bus, 
technology, and operating hour 

푁푃퐺 , , ,  Capacity production of newly 
built generating unit for each bus, 
technology, and operating hour 

퐸푃퐷퐺 , ,  Capacity production of existing 
DG unit for each bus, technology, 
and operating hour 

푁푃퐷퐺 , , ,  Capacity production of newly 
built DG unit for each bus, 
technology, and operating hour 

푁푃퐺푀푎푥 , ,  The maximum capacity of newly 
built generation unit for each bus, 
technology, and generation 
number 

푁푃퐷퐺푀푎푥 , ,  Maximum capacity of newly built 
DG unit for each bus, technology, 
and DG number 

푃퐿 ,  Power flow through line l for each 
operating hour 

I. Introduction 
Population growth and a growing economy are two 

factors that drive the demand for electricity. Electricity 
companies should address this increasing need by 
planning and expanding the capacity of the power 
system. The goal of meeting the increasing demand for 
electricity is the primary objective in power system 
expansion planning. On the other hand, environmental 

stress is an additional challenge that also should be 
considered by electricity companies. Therefore, power 
system expansion costs and environmental impacts in the 
form of carbon dioxide (CO2) and Nitrous Oxide (NOX) 
emissions should be simultaneously addressed. Single 
objective optimization methods are commonly used to 
solve generation expansion planning (GEP), transmission 
expansion planning (TEP), and the combination of 
generation and transmission expansion planning 
(G&TEP). The most common objective of optimization 
is to minimize the total cost of power system expansion.  

The total cost of power system expansion generally 
consists of the investment cost of the new generation 
units and the new transmission lines and the operation 
cost of the installed and new generation units.  

Modification of power system expansion planning 
incorporating fuel transportation costs was published in 
[1]. This study presented additional constraints related to 
fuel availability which is the capacity of fuel 
transportation from the fuel sources to each generation 
units. The short-term operation cost of a generation unit 
and annual reliability as a sub-problem were introduced 
in a power system expansion model in [2]. This study 
showed that operation costs could be reduced by 
considering a demand response in the model. The role of 
renewable energy sources, such as wind energy, was also 
considered to minimize the overall planning cost [3], [4]. 

The investment cost of transmission lines can be 
significantly reduced by sitting additional generation 
units in suitable locations. When a new generation unit is 
sited in a new location, new transmission lines must be 
installed which incurs a high cost, for example, for 
environmental clearance. A model to address this 
problem was discussed in [5]. The investment cost of a 
new transmission line can also be reduced by considering 
distributed generation (DG) in the planning model [6]. In 
this study, the investment cost of a transmission line was 
significantly reduced. In [7], DG implementation resulted 
in a different configuration of the transmission line. The 
environmental impact of power system expansion 
planning has been considered to be single objective 
optimization. Low carbon economy has been integrated 
into the GEP model by treating the emission factor as a 
constraint in the model [8], [9]. Moreover, the emission 
constraint has been taken into account at the operational 
level as the emission cost [10]. Reducing emissions by 
incorporating solar power plants was proposed in [11], 
[12]. Another method to reduce the environmental impact 
of a power system is to reduce growth in electricity 
demand. Reducing environmental impact can be 
achieved by implementing demand-side management 
(DSM) into the GEP model [13]-[16]. Several studies 
have presented single objective-based integrated power 
system planning with consideration to environmental 
impact. The sustainable aspects of G&TEP have been 
published in [17] with mention of the uncertainty of 
demand growth, greenhouse gas (GHG) emission, and 
fuel prices. This study expresses CO2 emission as a social 
cost that is a part of the total cost of the objective 
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function. Environmental impact in the form of SO2 and 
NOx has also been considered in a probabilistic G&TEP 
model [18]. Clean energy technology and DSM have 
been implemented as a CO2 mitigation scenario in the 
G&TEP model in [19]. The implementation of DG in the 
G&TEP model has also been reported. In [20], DG 
capacity was determined by an optimization process. 
Then, the determined DG capacity was treated as a 
negative load to adjust electricity demand in the power 
balance equation. This equation was implemented in each 
node. DG was implemented in a simultaneous 
optimization model of G&TEP in [21]. This proposed 
model was a single objective optimization that 
considered environmental impact concerning CO2, SO2, 
and NOx. Multi-objective approaches have recently been 
applied to the planning model of the power system 
expansion whether in the form of GEP, TEP, or G&TEP.  

A multi-objective model of TEP that simultaneously 
minimizes cost and air emissions (CO2 and NOx) was 
published in [22]. This model was applied over the long-
term planning horizon. In GEP, the generating 
technologies can be selected by considering economic 
and environmental criteria. The multi-objective model 
and analytic hierarchy process of GEP was utilized to 
accomplish this task in [23]. Another opposing parameter 
in power system expansion planning is minimizing 
investment and operation costs and reducing 
transmission loss. This problem was solved using multi-
objective optimization and utilizing fuzzy decision 
making to select the most appropriate solution from the 
Pareto set [24]. The G&TEP model was implemented in 
this study. The main contributions of this study are: 
1. A multi-objective framework is implemented in the 

G&TEP model. The two conflicting objective 
functions in this study are the cost of investment and 
operation and air emissions of CO2 and NOx. 

2. The impact of DG on total planning cost, network 
configuration, and generated emission is analyzed for 
each DG penetration level. 

The augmented epsilon method is used to minimize 
two objective functions. Then, the final solution is 
selected from the Pareto set using the fuzzy decision-
making process. 

II. Multi-Objective Problem Formulation 
The objective functions of the proposed model are 

investment and operation costs and air pollution caused 
by the generating unit. These two objective functions are 
expressed in (1): 

 
Multi objective function

=
푧 ,   Investment and operation costs
푧 ,   air pollution from gen. unit

 (1) 

 
The following sections give a detailed description of 

the objective function 푧  and 푧 . The constraint 
functions of the model are briefly described in section 
II.3 to section II.7. 

II.1. Investment and Operation Costs 

The problem of cost minimization involves both 
investment cost and operation cost. Investment cost 
includes the generating unit, lines, and DG investment.  

The investment cost is described in (2): 
 

퐼
= 푁퐺퐶표푠푡 , 푈퐺 , , ,

∈∈∈∈

+ 푁퐿퐶표푠푡 푈푇 ,,
∈∈

+ 푁퐷퐺퐶표푠푡 , 푈퐷퐺 , , ,
∈∈∈∈

 

(2)

 
Operation costs involve existing and newly built 

generation units and DG units. Equation (3) shows the 
overall variable operating costs and the overall fixed 
operation cost is given in (4): 

 

푉푎푟푂 = 푃퐷퐻
∈

× 퐺푉푎푟퐶표푠푡
∈∈

× 퐸푃퐺 , , + 푁푃퐺 , , ,
∈

+ 퐷퐺푉푎푟퐶표푠푡
∈∈

× 퐸푃퐷퐺 , ,

+ 푁푃퐷퐺 , , ,
∈

 

(3) 

 
퐹푖푥푒푑푂 = 퐺퐹푖푥퐶표푠푡

∈∈

× 퐸푃퐺푀푎푥 ,

+ 푁푃퐺푀푎푥 , ,
∈

+ 퐺퐹푖푥퐶표푠푡
∈∈

× 퐸푃퐷퐺푀푎푥 ,

+ 푁푃퐷퐺푀푎푥 , ,
∈

 

(4) 
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Finally, the objective function of cost minimization 
can be expressed as shown in (5) where 퐼  is total 
investment cost, 푉푎푟푂  is total variable operation 
cost, and 퐹푖푥푒푑푂  is total fixed operation cost: 

 
min 푧 = 퐼 + 푉푎푟푂 + 퐹푖푥푒푑푂  (5) 

II.2. Air Pollution of Power Plant Unit 

The second objective function is air pollution that is 
caused by existing and newly built generation units. Two 
kinds of gases, CO2 and NOx, are considered in the 
proposed model. The minimization problem of the 
second objective function is expressed in (6). As shown 
in equation (6), a constant of 265 is used as the global 
warming potential (GWP) caused by NOx. For CO2, the 
value of GWP is 1 [25]: 

 

min 푧 = 푃퐷퐻
∈

× 퐶푂 + 265 × 푁푂
∈∈

× 퐸푃퐺 , , + 푁푃퐺 , , ,
∈

 

(6) 

II.3. Power Balance 

The constraint of power balance should be met on 
each bus for all conditions during operating hours. This 
constraint can be expressed as shown in (7): 

 

퐸푃퐺 , ,
∈

+ 푁푃퐺 , , ,
∈∈

+ 푃퐿
| ( )

− 푃퐿
| ( )

+ 퐸푃퐷퐺 , ,
∈

+ 푁푃퐷퐺 , , ,
∈∈

= 푃퐷푀푎푥 , ,∀(푖 ∈ 푛),∀(푗 ∈ 표) 

(7) 

II.4. Limitation of Power Generation 

The production of electrical power is bound by the 
specific value of each technology of the generation unit. 
Equations (8) and (9) show the power production limit 
for existing and newly built generation units, 
respectively: 

 
푀푖푛퐸푃퐺 , ≤ 퐸푃퐺 , ,  

≤ 푀푎푥퐸푃퐺 , ,∀(푖 ∈ 푛),∀(푗 ∈ 푔푡),∀(푘 ∈ 표) (8) 

  
푀푖푛푁푃퐺 ≤ 푁푃퐺 , , ,

∈

≤ 푁푃퐺푀푎푥 , ,
∈

,∀(푖 ∈ 푛),∀(푗

∈ 푔푡),∀(푘 ∈ 표) 

(9) 

푁푃퐺푀푎푥 , ,  is a decision variable of the maximum 
installed capacity of newly built generation units. This 
variable is defined in (10) and 푈퐺 , , ,  is a binary 
decision variable that is defined in (11). This binary 
variable will have a value of 1 if any technology with a 
specific capacity option of generation unit must be built 
and 0 if otherwise: 

 
푁푃퐺푀푎푥 , , = 푁푃퐺퐶푎푝푂푝푡 , 푈퐺 , , ,

∈

, 

∀(푖 ∈ 푛),∀(푗 ∈ 푔푡),∀(푘 ∈ 푛푔) 
(10) 

  
푈퐺 , , ,

∈

≤ 1, 

∀(푖 ∈ 푛),∀(푗 ∈ 푔푡),∀(푘 ∈ 푛푔) 
(11) 

 
Power generation by the DG unit is also considered.  
The constraint functions related to DG power 

generation are expressed in (12) and (13). The operation 
of these constraints is the same as the constraints for the 
generation unit: 

 
푁푃퐷퐺푀푎푥 , , = 푁푃퐷퐺퐶푎푝푂푝푡 , 푈퐷퐺 , , ,

∈

,    

∀(푖 ∈ 푛),∀(푗 ∈ 푑푔푡),∀(푘 ∈ 푛푑푔) 
(12) 

  
푈퐷퐺 , , ,

∈

≤ 1,   

∀(푖 ∈ 푛),∀(푗 ∈ 푑푔푡),∀(푘 ∈ 푛푑푔) 
(13) 

 
All the generation units, both those that are already 

installed and those that are newly built,  must meet the 
maximum reserve margin requirement. The constraint 
relates to the maximum reserve margin is shown in (14): 

 
퐸푃퐺푀푎푥 ,

∈∈

+ 푁푃퐺푀푎푥 , ,
∈∈∈

 

≥  (1 + 푀푎푥푅푀) 푃퐷푀푎푥 ,
∈ |∈

 
(14) 

II.5. Limitation of Electricity Generation 

Electricity production strongly depends on the 
availability of the generation and DG units and their 
capacity factors. The constraints related to electricity 
generation by each technology of the generation unit and 
DG unit is expressed in (15) and (16) respectively. The 
maximum operating hours for each generation unit 
technology and DG unit technology is described in (17) 
and (18). The constraint in (19), which is related to 
satisfying the total demand for electricity (TDE) must be 
met. 

 
퐸푙푒푐 , , ≤ 퐶푎푝퐹푎푐 푀푂퐻 퐸푃퐺푀푎푥 ,

+ 푁푃퐺푀푎푥 , , ),  
∀(푖 ∈ 푛),∀(푗 ∈ 푔푡),∀(푘 ∈ 푛푔) 

(15) 
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퐸푙푒푐퐷퐺 , , ≤ 퐷퐺퐶푎푝퐹푎푐 퐷퐺푀푂퐻 퐸푃퐷퐺푀푎푥 ,
+ 푁푃퐷퐺푀푎푥 , , ),  

∀(푖 ∈ 푛),∀(푗 ∈ 푑푔푡),∀(푘 ∈ 푛푑푔) 
(16) 

  
푀푂퐻 = 8760{1 − (푃푂푅 + 퐹푂푅 )},∀(푖 ∈ 푔푡) (17) 

  
퐷퐺푀푂퐻 = 8760{1 − (퐷퐺푃푂푅 + 퐷퐺퐹푂푅 )},  

∀(푖 ∈ 푑푔푡) (18) 

  
퐸푙푒푐 , ,

∈∈∈

+ 퐸푙푒푐퐷퐺 , ,
∈ ∈∈

≥ 푇퐷퐸 
(19) 

II.6. Penetration Level of DG 

The penetration level of DG is based on maximum 
power demand in each bus. The main aim of the 
implementation of the DG penetration level is to propose 
a method to determine DG capacity that will result in the 
most economic power system expansion planning. The 
constraint in (20) implements the DG penetration level. 
In this study, a parameter of 퐷퐺푃푒푛 is selected for 10%, 
20%, and 30% with respect to the maximum power 
demand in each bus: 

 
푁퐷퐺푀푎푥 , ,

∈∈

+ 퐸푃퐷퐺푀푎푥 ,
∈

≤ 퐷퐺푃푒푛 × 푃퐷푀푎푥 , , 
 ∀(푖 ∈ 푛),∀(푗 ∈ 표) 

(20) 

II.7. Line Power Flow 

In most of the power system planning publications, a 
model of power flow is implemented as a DC model with 
the assumption that there is no loss in the transmission 
line. The use of the DC model reduces complexity and 
computational time burden. The constraint in (21) and 
(22) expresses the power flow with the DC model for 
existing and new transmission lines, respectively. The 
maximum flow of the power line is limited to constraint 
(23) and (24). It should be noted that 푈푇 is only defined 
for the candidate transmission line: 

 
푃퐿 , = 퐵퐿 ∙ 푁 휃 | . , − 휃 | . , , 

∀(푖 ∈ 푒푙),∀(푗 ∈ 표) 
(21) 

  
−푀 1 − 푈푇 , ≤ 푃퐿 , ,

− 퐵퐿 휃 | . , − 휃 | . ,  
≤ 푀 1 − 푈푇 , , 

∀(푖 ∈ 푛푙),∀(푗 ∈ 표),∀(푘 ∈ 푛푐) 

(22) 

  
−푃퐿푀푎푥 ≤ 푃퐿 , ≤ 푃퐿푀푎푥 ,  

∀(푖 ∈ 푒푙),∀(푗 ∈ 표) (23) 

  
−푃퐿푀푎푥 푈푇 , ≤ 푃퐿 , , ≤ 푃퐿푀푎푥 푈푇 , , 

∀(푖 ∈ 푛푙),∀(푗 ∈ 표),∀(푘 ∈ 푛푐) (24) 

III. Multi-Objective Optimization Method 
The multi-objective optimization problem (MOOP) 

can be solved using lexicographic optimization combined 
with the epsilon constraint technique. Then, the best 
solution is selected from the set of generated Pareto 
optimal solutions using the fuzzy decision-making 
process. 

 

 
 

Fig. 1. Flowchart of the proposed method for the MOOP problem 

III.1. Solution Method of Multi-Objective Optimization 

MOOP can be formulated based on the augmented 
epsilon constraint method as described in (25). A brief 
explanation of the implementation of this method in 
power system expansion planning is given in [26]: 

 
Min
Max

푧 (푥) + 푑푖푟 푟
푆
푟

 

푠. 푡.    푧 (푥) − 푑푖푟 푆 = 푒 ,∀푆 ∈ 푅 , 푖 = 2,3, … ,푦 
(25) 

 
The objective function number is represented by 푦.  
The direction of the objective function is symbolized 

by 푑푖푟 . For the minimization process, the value of 푑푖푟  is 
-1 and 푑푖푟  is equal to +1 to represent that the process of 
optimization is maximized. The parameter of 푒  is used to 
ensure an efficient solution to the problem. The value of 
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푒  is iteratively varied. In an optimization problem, there 
will be some slack or surplus variables. In (25), these 
variables are expressed by 푆 . This formulation is called 
the augmented epsilon constraint because of the presence 
of a second term of MOOP, 푟 , that is used to eliminate 
any scaling problem. The efficient solution that is 
generated by this method is proven in [27]. 

III.2. Fuzzy Decision Making 

A decision should be selected from a generated set of 
Pareto optimal solutions. One of the most common 
techniques is fuzzy decision making (FDM). The 
implementation of fuzzy decision making in an electrical 
power system can be found in [28] and [29]. FDM 
technique uses the definition of linear membership 
functions for each objective function. A set of 
membership functions is defined in (26) and (27) for 
minimization and maximization problems, respectively. 
푧  is the 푟th Pareto optimal solution related to the 
membership function 휇 : 

 

휇 =

⎩
⎪
⎨

⎪
⎧ 1,    푧 ≤ 푧
푧 − 푧
푧 − 푧

,   푧 ≤ 푧 ≤ 푧

0,   푧 ≥ 푧

 (26) 

 

휇 =

⎩
⎪
⎨

⎪
⎧ 0,    푧 ≤ 푧
푧 − 푧
푧 − 푧

,   푧 ≤ 푧 ≤ 푧

1,   푧 ≥ 푧

 (27) 

 
The overall membership function, 휇 , is defined based 

on its individual membership and is expressed in (28) 
where 푤  is the weighting of 푖th objective function and 푦 
represents the objective function number. The value of 
휇  is used by the decision maker to select the best 
solution from the set of Pareto optimal solutions. The 
best solution is indicated by the highest value of 휇  with 
particularly defined weighting factors. A method to solve 
MOOP based on the epsilon constraint technique and 
fuzzy decision making for the proposed model of power 
system expansion planning is shown in Fig. 1 as a 
flowchart. The process of the method can be described as 
follows. 

Step 1: the pay-off table is generated by implementing 
a lexicographic optimization to MOOP. The pay-off table 
is a 푚 × 푚 table. The values generated by the objective 
function 푧  will be the element of 푖th column of the pay-
off table: 

 

휇 =
∑ 푤 휇
∑ 푤

 (28) 

 
Step 2: Determine the range for the objective 

functions 푧  (푖 = 2,3, … ,푦). The range is calculated by 
(29): 

푟 = 푧 − 푧  (29) 
 
Step 3: the range of 푦 − 1 objective function is 

separated into the same intervals 푞  (푖 = 2,3, … ,푦). 
Step 4: the MOOP method is implemented to solve the 

feasible optimization subproblem. The Pareto optimal 
solution is generated, and the infeasible subproblem is 
rejected. 

Step 5: the fuzzy decision-making process is 
implemented to select the most desired solution based on 
generated Pareto optimal set. 

IV. Results and Discussions 
The proposed model of power system expansion 

planning with renewable energy-based DG is simulated 
using ODH-CPLEX 3.2 solver of the Advanced 
Multidimensional Modelling System (AIMMS) software.  

The modified system of IEEE 14 buses is used to 
validate the proposed model. The mixed integer 
programming (MIP) relative optimality tolerance is set to 
10-4. 

IV.1. Modified IEEE 14 Buses 

The detailed configuration of the modified IEEE 14 
bus system is shown in Fig. 2.  

 

 
 

Fig. 2. Modified IEEE 14 Bus systems 
 
The modified IEEE 14 bus system consists of two 

existing generation units located in bus 1 and bus 2 with 
a technology type of pulverized coal (PC) and natural gas 
combined cycle (CC) respectively. There are four 
possible locations to build a new generation unit which is 
on bus 4, bus 6, bus 8, and bus 10. The hydro generation 
unit can only be installed on bus 4 with a capacity limit 
of 100 MW. Another renewable energy-based generation 
unit, the geothermal potential with a capacity limit of 50 
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MW, can be added on bus 10. Details on the existing 
generation unit and characteristics of the candidate 
generation unit data are presented in Table A1 and Table 
A2 in Appendix [30], respectively. DG technology in this 
simulation is solar energy technology and wind energy 
technology. Solar energy technology is in the form of a 
non-tracking utility photovoltaic (PV) panel of 10 MW 
and an onshore wind turbine (WT) is used in the 
simulation. All buses, except bus 1, bus 7, and bus 8, are 
connected to a demand load. Details on the data of the 
loads and the existing lines are presented in Table A3 and 
Table A4 in Appendix, respectively. There are eight 
possibilities for adding a new line to the system. Table 
A5 shows detailed data on the candidate lines.  

IV.2. Pareto Set and Decision Making 

The Pareto optimal solution proposed MOP model is 
solved using the lexicographic and epsilon constraint 
method. The first objective function, i.e., cost 
minimization, is considered the primary objective 
function in the epsilon constraint method. To generate a 
set of Pareto optimal solutions, 50 (푞 = 50) grid points 
are selected, and the proposed model is solved 50 times 
to generate the set of Pareto optimal solutions. By using 
the lexicographic, the obtained pay-off table is presented 
in (30): 

 

휙 = 푧 푧
푧 푧

= 367.58 930,535.58
2,113.30 311,120.92  (30) 

 
The first column is related to the first objective 

function (푧 = 푧 ) and the second is related to the 
emission objective function (푧 = 푧 ). The result 
of the cost objective function is in terms of millions of 
USD while the result of the emission objective function 
is in terms of tons of CO2 Equivalent (CO2 Eq.).  

The result of the individual optimization is presented 
as the main diagonal of the pay-off table. It can be seen 
that a single objective function of 푧   results in 
minimum cost but it generates maximum emissions. 
Conversely, the result from the single objective function 
of 푧  results in minimum emissions but maximum 
cost. It can be seen from the pay-off table that the power 
system planner can reduce the planning cost to 367.58 
million USD, but the emissions increase to 930,535.58 
Ton CO2 Eq. On the other hand, the planner can 
minimize emissions to 311,120.92 Ton CO2 Eq. 
however, with a higher planning cost of 2,113.30 million 
USD. The best solution can be selected using fuzzy 
decision-making. Then, the planner is able to decide 
which Pareto optimal solution will be used as the final 
solution. The sets of Pareto optimal solutions for 
different levels of DG penetration are presented in Fig. 3.  

For 0% of DG penetration, there is an infeasible 
solution when the emission value is minimum. It can be 
seen from the figure that increasing the level of DG 
penetration reduces the overall planning cost for each 
point of emission.  

 
 

Fig. 3. Sets of Pareto optimal solutions generated by the epsilon 
constraint technique for different levels of DG penetration 

 

At the point of minimum cost, the total emissions 
generated by the generation unit are increasing for all DG 
penetration levels. Increasing the DG penetration level 
will change the option of optimal decisions to select a 
combination of cheaper generation units and results in 
increased emissions. On the far end of the emission axis, 
it can be seen the solution of Pareto for each level of DG 
penetration will result in nearly the same overall planning 
cost. At this part of Pareto sets, increasing DG 
penetration level almost does not affect the overall cost 
of power system planning. On the other hand, increasing 
DG penetration level has a significant effect when 
emission strictly limited. Emissions generated by the 
generation unit will be at the minimum value when the 
planning cost is maximum. Hence, the final decision will 
be based on the minimum emission value that is emitted 
by the overall generation unit. A careful compromise 
should be reached between the overall planning cost and 
total emissions taking into consideration government 
regulations. The best solution can be chosen by 
implementing the fuzzy decision-making process. There 
are two weighting factor combinations of objective 
functions presented in this study, a weighting 
combination with more consideration to the cost 
objective function (푤 = 2 and 푤 = 1) and an equal 
weighting factor (푤  and 푤 = 1). The total membership 
value of the first and the second combinations are 
presented in Figs. 4(a) and (b). For each DG penetration 
level, the highest value of total membership is the best 
solution for the MOOP problem.  

From Figs. 4, the selected solutions with 푤 =
2 and 푤 = 1 are Pareto solution numbers 42, 38, 34, 
and 27 for 0%, 10%, 20%, and 30% DG penetration 
levels, respectively. For the equal weighting factor, 
푤  and 푤 = 1, the selected solutions are Pareto solution 
numbers 8, 7, 7, and 6 for 0%, 10%, 20%, and 30% DG 
penetration levels, respectively. With both combinations 
of weighting factors, total emission for each DG 
penetration level can be reduced. With 푤 = 2 and 푤 =
1, total emission can be reduced to 0.64 Million Ton CO2 
Eq. with 30% DG penetration level. Without DG 
penetration, the total generated emission is 0.83 Million 
Ton CO2 Eq. when cost objective function has more 
attention compares to emission objective function.  
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(a) 

 
(b) 

 
Figs. 4. Total membership value for each DG penetration level for a 

different combination of weighting factors 
 
On the other hand, the overall planning cost is higher 

with increased DG penetration level. Without DG, 
overall planning cost is 405.56 Million USD while with 
30% of DG penetration level overall planning cost is 
increased to 574.86 Million USD. By implementing 
equal weighting factors for both objective functions, the 
overall planning cost and the total emission can be 
reduced by increasing DG penetration level. With no DG 
penetration, needed planning cost and emitted air 
pollution is 1,241.59 Million USD and 0.40 Million Ton 
CO2 Eq. respectively. By implementing a 30% DG 
penetration level, 12.62% and 6.27% reduction can be 
achieved for the overall planning cost and total emission 
respectively. In another word, 30% DG penetration level 
produced the overall planning cost and the total emission 
of 1,084.86 Million USD and  0.37 Million CO2 Eq. 
respectively. Based on the selected solution, the overall 
planning cost is presented in Figs. 5. In the figures, WC1 
is the weighting factor combination where 푤 =
2 and 푤 = 1 and WC2 is 푤  and 푤 = 1. From Fig. 
5(b), it can be seen that the higher the DG penetration, 
the lower the planning costs for WC2. It also can be seen 
that increasing the DG penetration level has a significant 
impact on the investment cost of the transmission line. It 
can be concluded that it is more efficient to meet demand 
by building the generation unit as close as possible to the 
load center. Figs. 5 also give an intuitive solution where 
a better emission target can be achieved with lower 
overall planning cost by implementing a 20% or 30% DG 
penetration level on 푤  and 푤 = 1.  

 
(a) 

 
(b) 

 
Figs. 5. Overall planning cost for each DG penetration level and 

different weighting factors 
 
An opposite result is produced by the implementation 

of WC1 where cost objective function has more attention 
compared to emission objective function. As seen in Fig. 
5(a), increasing DG penetration level produced a higher 
cost of power system planning. WC1 has the same 
impact compared to WC2 in term of the investment cost 
of the transmission line. The overall planning cost and 
the total emission with 30% DG penetration level is 
574.86 Million USD and 0.64 Million Ton CO2 Eq. 
respectively. By implementing a 30% DG penetration 
level, the total emission can be reduced by 22.98%. 
However, 30% DG penetration level with WC1 resulted 
in higher overall planning cost by 1.41% compared to the 
overall cost without DG. 

IV.3. Power System Expansion Planning 

Based on the results of fuzzy decision-making, an 
additional generation unit, DG unit, and transmission line 
can be selected. The new generation unit that should be 
added to the system on each bus is presented in Fig. 6(a) 
for WC 1 and (b) for WC2. It can be observed from the 
figure that assigning a different weighting factor will 
result in a different combination of added generation 
units. As shown in Fig. 6(a), two types of generation 
units are selected when the cost objective function has 
more weighting factors than the emission objective 
function (WC1). These types of generation units are 
natural gas combustion turbine (CT) and a hydropower 
plant.  
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(a) 

 
(b) 

 
Figs. 6. Added generation unit on each bus 

with different weighting factors 
 
Without DG penetration, total install capacity of 

generation unit is 395 MW that consisted of CT type 
power plant. By increasing DG penetration level to 30%, 
hydropower plant of 20 MW has to be installed to meet 
the target of environmental constraint. In total, 380 MW 
of power plant capacity has to be built with 30% DG 
penetration level that consisted of hydropower plant of 
20 MW and CT power plant of 360 MW. 

After applying an equal weight factor for both 
objective functions, cleaner power plant technologies are 
selected, such as hydro and natural gas combined cycle 
with CCS (CC CCS). This is shown in Fig. 6(b). A 
hydropower plant is built to its maximum available 
capacity. In combination with other cleaner technologies, 
the hydropower plant is able to meet previously defined 
emission constraints. It can be observed that the CT 
power plant has more capacity when the DG penetration 
level is increased. To compensate for the emissions 
caused by the CT power plant, the capacity of the added 
DG unit is increased. Therefore, there is a compromise 
between the two conflicting objective functions, which 
are cost, and emission. The total capacity of the added 
generation unit based on generation technology is 
presented in Fig. 7. It is evident that the implementation 
of WC2 selected cleaner technology of generation unit to 
be installed in the system. WC2 exploited hydropower 
potential to its available capacity in all DG penetration 
level that is 75 MW. On the other hand, WC1 selected 
only 20 MW of hydropower with 30% DG penetration 
level.  

 
 

Fig. 7. The total capacity of the added generation unit 
to the system for different weighting factors 

 
It also can be seen from the figure that the CT power 

plant is dominating generation expansion planning for all 
DG penetration level. On the other hand, WC2 produced 
less contribution than CT technology. The less selection 
compares to WC1 is caused by more attention to 
emission objective function. 

By the implementation of WC2, the total capacity of 
CT is 110 MW and 195 MW for DG penetration level of 
0% and 30% respectively. CC with CCS technology has 
a lower capacity with increasing DG penetration level. 
With 30% DG penetration level, the capacity of CC with 
CCS is 110 MW while without DG penetration the 
capacity is 215 MW. For hydropower, the capacity 
reaches its maximum availability of 75 MW for all DG 
penetration level. The increasing of CT power plant 
caused more generated emission by all generation unit.  

However, emission generated by the CT power plant 
is compensated by installed DG capacity. Figs. 8 show 
the addition of a new DG unit on each bus for different 
weighting factors (Fig. 8(a) for WC1 and Fig. 8(b) for 
WC2). The simulation results only select a DG unit of 
wind turbine (WT) technology. For all DG penetration 
levels and both WC, WT is mostly built on bus three 
while no DG is built on bus 10. The total added DG 
capacity for WC1 is 29 MW, 59 MW, and 91 MW with 
DG penetration levels of 10%, 20%, and 30%, 
respectively. 

For WC2, where the weighting factor is equal for both 
objective functions, the added DG capacity for WT is 29 
MW, 59 MW, and 90 MW with a DG penetration level 
of 10%, 20%, and 30%, respectively. Additionally, 
biomass DG technology is installed on bus 12 and bus 13 
with each capacity of 5 MW. The additional transmission 
line that should be added in the system is shown in Fig. 
9(a) and Fig. 9(b) for WC1 and WC2 respectively. As 
stated in the previous section, increasing DG penetration 
reduces the investment for the transmission line. As 
shown in Figs. 9, increasing the DG penetration level 
reduces the need for a new transmission line. The 
significant difference is shown in the circuit connected 
buses 11–13. With no DG penetration level, an additional 
six parallel lines are needed, for both WC1 and WC2.  
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(a) 

 

 
(b) 

 
Figs. 8. Added DG unit on each bus with different weighting factors 

 

 
(a) 

 
(b) 

 
Figs. 9. Added transmission line on each circuit with different weighting factors 

 
With a 30% DG penetration level, no additional lines 

are needed in this circuit for both the WC1 and WC2 
weighting factor. For 30% DG penetration level, WC1 
resulted in only two additional circuits which are a circuit 
that connected bus 2 to bus 3 and a circuit that connected 
bus 2 to bus 4. Based on the difference of weighting 

factors, there is no circuit addition produces by WC2 for 
the corridors of bus 2 to bus 4 and bus 2 to bus 5. On the 
other hand, a circuit has to be added by the 
implementation of WC1 each for corridor bus 2 to bus 4 
and bus 2 to bus 5. 
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V. Conclusion 
A MOOP-based model of G&TEP with renewable 

energy-based DG was presented in this study. Two 
conflicting objective functions, cost and the emission 
objective function, were analyzed in the model. The 
developed model was implemented for the IEEE 14 Bus 
system to present the role of DG in power system 
expansion planning. Lexicographic optimization 
combined with the epsilon constraint technique is 
proposed in this study to solve the MOOP of G&TEP 
with DG. The proposed method generated a Pareto 
optimal solution followed by the fuzzy decision-making 
process to select the best solution from the Pareto set.  

The simulation results indicate that increasing the DG 
penetration level reduces the overall cost of power 
system expansion planning. For WC1, increasing DG 
penetration level resulted in higher overall planning cost.  

With 30% DG penetration level, the overall planning 
cost is 41.39% higher than the overall planning cost 
without DG penetration. On the other hand, WC1 
produces lower emission by 22.98% with 30% DG 
penetration level compare to the emission without DG 
penetration. The overall planning cost and the total 
generated emission can be reduced simultaneously by the 
implementation of WC2. With 30% DG penetration 
level, the overall planning cost and the total emission can 
be reduced by 12.62% and 6.27% respectively. The 
proposed model is a static-deterministic model. This 
model can easily be modified to be a dynamic-
deterministic model. Adding an uncertain variable is 
another enhancement to the proposed model. As 
significant cost reduction occurs for transmission 
expansion, further studies should consider the losses 
along the transmission line over the entire system. 

Appendix 
TABLE A1 

EXISTING GENERATION UNITS OF MODIFIED IEEE 14 BUS 

Bus Pmin Pmax Fixed Cost Var. Cost 
MW MW $/kW-yr $/MWh 

1 20 100 42.1 4.6 
2 20 80 11 3.5 

 
TABLE A2 

CHARACTERISTICS OF NEW GENERATION UNITS 

Gen Tech. Inv. Cost Fixed Cost Var. Cost NOx CO2 POR*) FOR**) Min. Load 
$/kW $/kW-yr $/MWh Lb/MMBTU Lb/MMBTU % % % 

Coal Technology         Pulverized Coal 2890 23 4 0.05 215 10 6 40 
Pulverized Coal with CCS 6560 35.2 6.02 0.05 32 10 6 40 

IGCC 3010 31.1 6.54 0.085 215 12 8 50 
IGCC with CCS 6600 44.4 10.6 0.085 32 12 8 50 

Natural Gas Technology         Combustion Turbine 651 5.26 29.9 0.033 117 5 3 50 
Combined Cycle 1230 6.31 3.67 0.0073 117 6 4 50 

Combined Cycle with CCS 3750 18.4 10 0.0073 18 6 4 50 
Nuclear         Advance Pressurized Water Reactor 6100 127 - - - 6 4 50 

Geothermal         Enhanced Geothermal System 9625 - 31 - - 2.41 0.75  Biomass         Biomass Standalone 3830 95 15 - - 7.6  40 
Hydropower Technology         Hydroelectric Power Plant 3500 15 6 - - 1.9 5  Solar Energy Technology 2410 45    2 0  
Wind Energy Technology 1980 60    0.6 5  

*) Planned Outage Rate per Year 
**) Forced Outage Rate per Year 

TABLE A3 
EXPECTED LOAD DATA 

Bus Number Expected Load (MW) 
Base Load Peak Load 

2 23.90 32.55 
3 103.75 141.30 
4 52.64 71.70 
5 40.20 54.75 
6 27.97 38.10 
9 32.49 44.25 

10 35.46 48.30 
11 27.86 37.95 
12 16.96 23.10 
13 15.20 20.70 
14 16.41 22.35 

Total Load 392.85 535.05 
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TABLE A4 
EXISTING LINES DATA 

Line From Bus To Bus Line Impedance (p.u) MVA Rating Resistance Reactance 
1 1 2 0.0194 0.05917 120 
2 1 5 0.0540 0.22304 65 
3 2 3 0.0470 0.19797 36 
4 2 4 0.0581 0.17632 65 
5 2 5 0.0570 0.17388 50 
6 3 4 0.0670 0.17103 65 
7 4 5 0.0134 0.04211 45 
8 4 7 0.0507 0.20912 55 
9 4 9 0.1172 0.55618 32 

10 5 6 0.0657 0.25202 45 
11 6 11 0.0950 0.1989 18 
12 6 12 0.1229 0.25581 32 
13 6 13 0.0662 0.13027 32 
14 7 8 0.0400 0.17615 32 
15 7 9 0.0578 0.11001 32 
16 9 10 0.0318 0.0845 32 
17 9 14 0.1271 0.27038 32 
18 10 11 0.0821 0.19207 12 
19 12 13 0.2209 0.19988 12 
20 13 14 0.1709 0.34802 12 

 
TABLE A5 

CANDIDATE OF NEW TRANSMISSION 
From Bus To Bus Reactance (p.u) Inv Cost (million $) MVA Rating 

1 12 0.19988 4.4 32 
2 3 0.19797 4.1 36 
2 4 0.17632 3.8 65 
2 5 0.17388 3.6 50 
3 8 0.27038 4 65 
4 5 0.04211 3.9 32 
7 9 0.11001 4.2 32 

11 13 0.34802 3.4 12 
 

Acknowledgements 

Authors gratefully acknowledge the support from 
USAID through the SHERA program - Centre for 
Development of Sustainable Region (CDSR). In year 
2017-2021 CDSR is led by Center for Energy Studies – 
UGM. 

References 
[1] I. Sharan and R. Balasubramanian, Integrated generation and 

transmission expansion planning including power and fuel 
transportation constraints, Energy Policy, vol. 43, 2012, pp. 275–
284. 
http://dx.doi.org/10.1016/j.enpol.2012.01.004 

[2] A. Khodaei, M. Shahidehpour, L. Wu, and Z. Li, Coordination of 
Short-Term Operation Constraints in Multi-Area Expansion 
Planning, IEEE Transactions on Power Systems, vol. 27, no. 4, 
Nov. 2012, pp. 2242–2250. 
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=6
197253 

[3] Rios, M., Moreno Garzon, A., Integrated Generation and 
Transmission Planning with Intermittent Renewable Energy 
Sources in High-Level Hydroelectric Generation Systems, (2015) 
International Review of Electrical Engineering (IREE), 10 (3), pp. 
404-413.  
doi:https://doi.org/10.15866/iree.v10i3.5983 

[4] CPardo, C., Rios, M., Inclusion of HVDC-Wind Generation in the 
Transmission Expansion Planning, (2017) International Review 
on Modelling and Simulations (IREMOS), 10 (2), pp. 103-111.  
doi:https://doi.org/10.15866/iremos.v10i2.11548 

[5] S. Surendra and D. Thukaram, Identification of prospective 
locations for generation expansion with least augmentation of 
network, Generation, Transmission Distribution, IET, vol. 7, no. 

1, 2013, pp. 37–45. 
https://doi.org/10.1049/iet-gtd.2012.0211. 

[6] F. Luo, J. Zhao, J. Qiu, S. Member, and J. Foster, Assessing the 
Transmission Expansion Cost With Distributed Generation : An 
Australian Case Study, IEEE Transactions on Smart GRID, vol. 5, 
no. 4, 2014, pp. 1892–1904. 
https://doi.org/10.1109/TSG.2014.2314451 

[7] J. H. Zhao, J. Foster, Z. Y. Dong, and K. P. Wong, Flexible 
transmission network planning considering distributed generation 
impacts, IEEE Transactions on Power Systems, vol. 26, no. 3, 
2011, pp. 1434–1443. 
https://doi.org/10.1109/TPWRS.2010.2089994 

[8] F. Careri, C. Genesi, P. Marannino, M. Montagna, S. Rossi, and I. 
Siviero, Generation expansion planning in the age of green 
economy, IEEE Transactions on Power Systems, vol. 26, no. 4, 
2011, pp. 2214–2223. 
https://doi.org/10.1109/TPWRS.2011.2107753 

[9] G. A. Bakirtzis, P. N. Biskas, and V. Chatziathanasiou, 
Generation expansion planning by MILP considering mid-term 
scheduling decisions, Electric Power Systems Research, vol. 86, 
2012, pp. 98–112. 
http://dx.doi.org/10.1016/j.epsr.2011.12.008 

[10] C. Yuan et al., New Problem Formulation of Emission 
Constrained Generation Mix, IEEE Transactions on Power 
Systems, vol. 28, no. 4, 2013, pp. 4064–4071. 

[11] K. Rajesh, A. Bhuvanesh, S. Kannan, and C. Thangaraj, Least 
cost generation expansion planning with solar power plant using 
Differential Evolution algorithm, Renewable Energy, vol. 85, 
2016, pp. 677–686. 
http://dx.doi.org/10.1016/j.renene.2015.07.026 

[12] K. Rajesh, K. Karthikeyan, S. Kannan, and C. Thangaraj, 
Generation expansion planning based on solar plants with storage, 
Renewable and Sustainable Energy Reviews, vol. 57, 2016, pp. 
953–964. 
http://dx.doi.org/10.1016/j.rser.2015.12.126 

[13] S. Tanatvanit, B. Limmeechokchai, and R. M. Shrestha, CO 2 

http://dx.doi.org/10.1016/j.enpol.2012.01.004
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=6
https://doi.org/10.15866/iree.v10i3.5983
https://doi.org/10.15866/iremos.v10i2.11548
https://doi.org/10.1049/iet-gtd.2012.0211.
https://doi.org/10.1109/TSG.2014.2314451
https://doi.org/10.1109/TPWRS.2010.2089994
https://doi.org/10.1109/TPWRS.2011.2107753
http://dx.doi.org/10.1016/j.epsr.2011.12.008
http://dx.doi.org/10.1016/j.renene.2015.07.026
http://dx.doi.org/10.1016/j.rser.2015.12.126


Copyright © 2019

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Copyright © 2019

mitigation and power generation implications of clean supply
side and demand
vol. 32

[14] A. S. Malik, 
management ( DSM ) in commercial and government s
rebound effect 
vol. 32
https://doi.o

[15] M. Paulus and F. Borggrefe, 
management in energy
in Germany
http://dx.doi.org

[16] A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 
Energy
http://dx.doi.o

[17] A. H.
power generation and transmission expansion planning with 
sustainability aspec
2015, pp. 9
http://www.sciencedirect.com/scienc
2029

[18] A. Heidari, 
objective generation and transmission expansion planning 
problem usin
Transmission & Distribution
570
http://digital
gtd.2014.0278.

[19] O. J. Guerra, D. 
framewor
transmission expansion i
Energy
http://dx.doi.org

[20] A. Rouhani, S
generation and transmission expansion planning cons
distributed generation,
& Energy Systems
http://www.sciencedirect.com/science/articl
3123

[21] Al Hasibi, R., Had
Model of Power Expansion Planning with Distributed Generation, 
(2018)
(2), pp. 116
doi:https://doi.org/10.15866/iree.v13i2.14748

[22] H. Tekiner, D. W. Coit, and F. A. Felder, Multi
objective electricity generation expansion planning problem with 
Monte
80
http://dx.doi

[23] K. Promjir
Multi
Planning w
Journal of Sicence and Technology
359.

[24] A. Bagheri, 
multiobjective generation and transmission investment framework 
for implementing
Generation, Transmission & Distribution
455
http://digital
gtd.2017.0976

[25] G. Myhre 
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment
Intergovernmental Panel on Climate Change
Qin, G.
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 
University

[26] J. Aghaei, N
electricity market clearing considering dynamic security by 
lexicographic optimization and augme
method,

Copyright © 2019

mitigation and power generation implications of clean supply
side and demand
vol. 32
A. S. Malik, 
management ( DSM ) in commercial and government s
rebound effect 
vol. 32
https://doi.o
M. Paulus and F. Borggrefe, 
management in energy
in Germany
http://dx.doi.org
A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 
Energy
http://dx.doi.o
A. H.
power generation and transmission expansion planning with 
sustainability aspec
2015, pp. 9
http://www.sciencedirect.com/scienc
2029 
A. Heidari, 
objective generation and transmission expansion planning 
problem usin
Transmission & Distribution
570. 
http://digital
gtd.2014.0278.
O. J. Guerra, D. 
framewor
transmission expansion i
Energy
http://dx.doi.org
A. Rouhani, S
generation and transmission expansion planning cons
distributed generation,
& Energy Systems
http://www.sciencedirect.com/science/articl
3123 
Al Hasibi, R., Had
Model of Power Expansion Planning with Distributed Generation, 
(2018)
(2), pp. 116
doi:https://doi.org/10.15866/iree.v13i2.14748
H. Tekiner, D. W. Coit, and F. A. Felder, Multi
objective electricity generation expansion planning problem with 
Monte
80, no. 12, 2010, pp. 1394
http://dx.doi
K. Promjir
Multi-
Planning w
Journal of Sicence and Technology
359. 
A. Bagheri, 
multiobjective generation and transmission investment framework 
for implementing
Generation, Transmission & Distribution
455–465.
http://digital
gtd.2017.0976
G. Myhre 
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment
Intergovernmental Panel on Climate Change
Qin, G.
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 
University
J. Aghaei, N
electricity market clearing considering dynamic security by 
lexicographic optimization and augme
method,

Copyright © 2019

mitigation and power generation implications of clean supply
side and demand
vol. 32, 2004, pp. 83
A. S. Malik, 
management ( DSM ) in commercial and government s
rebound effect 
vol. 32, 2007, pp. 2157
https://doi.o
M. Paulus and F. Borggrefe, 
management in energy
in Germany
http://dx.doi.org
A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 
Energy, vol. 41
http://dx.doi.o
A. H. Seddighi and A. Ahmadi
power generation and transmission expansion planning with 
sustainability aspec
2015, pp. 9
http://www.sciencedirect.com/scienc

 
A. Heidari, 
objective generation and transmission expansion planning 
problem usin
Transmission & Distribution

http://digital
gtd.2014.0278.
O. J. Guerra, D. 
framework for the integrated planning of generation and 
transmission expansion i
Energy, vol. 170
http://dx.doi.org
A. Rouhani, S
generation and transmission expansion planning cons
distributed generation,
& Energy Systems
http://www.sciencedirect.com/science/articl

 
Al Hasibi, R., Had
Model of Power Expansion Planning with Distributed Generation, 
(2018) International Review of Electrical Engineering (IREE)
(2), pp. 116
doi:https://doi.org/10.15866/iree.v13i2.14748
H. Tekiner, D. W. Coit, and F. A. Felder, Multi
objective electricity generation expansion planning problem with 
Monte-Carlo simulation, 

, no. 12, 2010, pp. 1394
http://dx.doi
K. Promjir

-Criteria Optimization for Power Generation Expansion 
Planning w
Journal of Sicence and Technology

A. Bagheri, 
multiobjective generation and transmission investment framework 
for implementing
Generation, Transmission & Distribution

465. 
http://digital
gtd.2017.0976
G. Myhre 
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment
Intergovernmental Panel on Climate Change
Qin, G.-K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 
University
J. Aghaei, N
electricity market clearing considering dynamic security by 
lexicographic optimization and augme
method, Applied Soft Computing Journal

Copyright © 2019 Praise Worthy Pri

mitigation and power generation implications of clean supply
side and demand

, 2004, pp. 83
A. S. Malik, 
management ( DSM ) in commercial and government s
rebound effect 

, 2007, pp. 2157
https://doi.org/10.1016/j.energy.2007.05.004
M. Paulus and F. Borggrefe, 
management in energy
in Germanym Applied Energy
http://dx.doi.org
A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

vol. 41
http://dx.doi.org/10.1016/j.energy.2011.06.013

Seddighi and A. Ahmadi
power generation and transmission expansion planning with 
sustainability aspec
2015, pp. 9–18.
http://www.sciencedirect.com/scienc

A. Heidari, H. Mavalizadeh, and A. Ahmadi, 
objective generation and transmission expansion planning 
problem using normal bo
Transmission & Distribution

http://digital-library.theiet.org/content/journals/10.1049/iet
gtd.2014.0278.
O. J. Guerra, D. 

k for the integrated planning of generation and 
transmission expansion i

vol. 170
http://dx.doi.org
A. Rouhani, S
generation and transmission expansion planning cons
distributed generation,
& Energy Systems
http://www.sciencedirect.com/science/articl

Al Hasibi, R., Had
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE)
(2), pp. 116-127
doi:https://doi.org/10.15866/iree.v13i2.14748
H. Tekiner, D. W. Coit, and F. A. Felder, Multi
objective electricity generation expansion planning problem with 

Carlo simulation, 
, no. 12, 2010, pp. 1394

http://dx.doi.org/10.1016/j.epsr.2010.05.007
K. Promjiraprawat and B. Limmeechokchai, 

Criteria Optimization for Power Generation Expansion 
Planning with CO2 Mitigation in Thailand,
Journal of Sicence and Technology

A. Bagheri, 
multiobjective generation and transmission investment framework 
for implementing
Generation, Transmission & Distribution

 
http://digital-library.theiet.org/content/jou
gtd.2017.0976 
G. Myhre et al.
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment
Intergovernmental Panel on Climate Change

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 
University Press, 2013, pp. 659
J. Aghaei, N. Amjady, and H. A. Shayanfar, 
electricity market clearing considering dynamic security by 
lexicographic optimization and augme

Applied Soft Computing Journal

Praise Worthy Pri

mitigation and power generation implications of clean supply
side and demand-side technologies in Thailand, 

, 2004, pp. 83
A. S. Malik, Impact on power planning due to demand
management ( DSM ) in commercial and government s
rebound effect — 

, 2007, pp. 2157
rg/10.1016/j.energy.2007.05.004

M. Paulus and F. Borggrefe, 
management in energy

Applied Energy
http://dx.doi.org/10.1016/j.apenergy.2010.03.017
A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

vol. 41, no. 1, 2012, pp. 128
rg/10.1016/j.energy.2011.06.013

Seddighi and A. Ahmadi
power generation and transmission expansion planning with 
sustainability aspec

18. 
http://www.sciencedirect.com/scienc

H. Mavalizadeh, and A. Ahmadi, 
objective generation and transmission expansion planning 

g normal bo
Transmission & Distribution

library.theiet.org/content/journals/10.1049/iet
gtd.2014.0278. 
O. J. Guerra, D. A. Tejada, and G. V Reklaitis, 

k for the integrated planning of generation and 
transmission expansion i

vol. 170, 2016, pp. 1
http://dx.doi.org/10.1016/j.apenergy.2016.02.014
A. Rouhani, S. H. Hosseini, and M. Raoofat, 
generation and transmission expansion planning cons
distributed generation,
& Energy Systems, 
http://www.sciencedirect.com/science/articl

Al Hasibi, R., Had
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE)
127 

doi:https://doi.org/10.15866/iree.v13i2.14748
H. Tekiner, D. W. Coit, and F. A. Felder, Multi
objective electricity generation expansion planning problem with 

Carlo simulation, 
, no. 12, 2010, pp. 1394

.org/10.1016/j.epsr.2010.05.007
aprawat and B. Limmeechokchai, 

Criteria Optimization for Power Generation Expansion 
ith CO2 Mitigation in Thailand,

Journal of Sicence and Technology

A. Bagheri, V. Vahidinasab, and K. Mehran, 
multiobjective generation and transmission investment framework 
for implementing
Generation, Transmission & Distribution

library.theiet.org/content/jou
 

et al., Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment
Intergovernmental Panel on Climate Change

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

Press, 2013, pp. 659
. Amjady, and H. A. Shayanfar, 

electricity market clearing considering dynamic security by 
lexicographic optimization and augme

Applied Soft Computing Journal

Praise Worthy Pri

mitigation and power generation implications of clean supply
side technologies in Thailand, 

, 2004, pp. 83–90.
Impact on power planning due to demand

management ( DSM ) in commercial and government s
 A case

, 2007, pp. 2157
rg/10.1016/j.energy.2007.05.004

M. Paulus and F. Borggrefe, 
management in energy

Applied Energy
/10.1016/j.apenergy.2010.03.017

A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

, no. 1, 2012, pp. 128
rg/10.1016/j.energy.2011.06.013

Seddighi and A. Ahmadi
power generation and transmission expansion planning with 
sustainability aspects in a stochastic 

http://www.sciencedirect.com/scienc

H. Mavalizadeh, and A. Ahmadi, 
objective generation and transmission expansion planning 

g normal bo
Transmission & Distribution

library.theiet.org/content/journals/10.1049/iet

A. Tejada, and G. V Reklaitis, 
k for the integrated planning of generation and 

transmission expansion i
, 2016, pp. 1
/10.1016/j.apenergy.2016.02.014
. H. Hosseini, and M. Raoofat, 

generation and transmission expansion planning cons
distributed generation, 

, vol. 62
http://www.sciencedirect.com/science/articl

Al Hasibi, R., Hadi, S., Sarjiya, S., Integrated and Simultaneous 
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE)

doi:https://doi.org/10.15866/iree.v13i2.14748
H. Tekiner, D. W. Coit, and F. A. Felder, Multi
objective electricity generation expansion planning problem with 

Carlo simulation, 
, no. 12, 2010, pp. 1394

.org/10.1016/j.epsr.2010.05.007
aprawat and B. Limmeechokchai, 

Criteria Optimization for Power Generation Expansion 
ith CO2 Mitigation in Thailand,

Journal of Sicence and Technology

V. Vahidinasab, and K. Mehran, 
multiobjective generation and transmission investment framework 
for implementing 100% renewable energy sources,
Generation, Transmission & Distribution

library.theiet.org/content/jou

Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment
Intergovernmental Panel on Climate Change

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

Press, 2013, pp. 659
. Amjady, and H. A. Shayanfar, 

electricity market clearing considering dynamic security by 
lexicographic optimization and augme

Applied Soft Computing Journal

Praise Worthy Pri

mitigation and power generation implications of clean supply
side technologies in Thailand, 

90. 
Impact on power planning due to demand

management ( DSM ) in commercial and government s
A case study of central grid of Oman,

, 2007, pp. 2157–2166.
rg/10.1016/j.energy.2007.05.004

M. Paulus and F. Borggrefe, 
management in energy-intensive industries for ele

Applied Energy
/10.1016/j.apenergy.2010.03.017

A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

, no. 1, 2012, pp. 128
rg/10.1016/j.energy.2011.06.013

Seddighi and A. Ahmadi
power generation and transmission expansion planning with 

ts in a stochastic 

http://www.sciencedirect.com/scienc

H. Mavalizadeh, and A. Ahmadi, 
objective generation and transmission expansion planning 

g normal bo
Transmission & Distribution

library.theiet.org/content/journals/10.1049/iet

A. Tejada, and G. V Reklaitis, 
k for the integrated planning of generation and 

transmission expansion in interconnected power systems,
, 2016, pp. 1
/10.1016/j.apenergy.2016.02.014
. H. Hosseini, and M. Raoofat, 

generation and transmission expansion planning cons
 International Journal of Electrical Power 

vol. 62, 2014, pp. 792
http://www.sciencedirect.com/science/articl

i, S., Sarjiya, S., Integrated and Simultaneous 
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE)

doi:https://doi.org/10.15866/iree.v13i2.14748
H. Tekiner, D. W. Coit, and F. A. Felder, Multi
objective electricity generation expansion planning problem with 

Carlo simulation, Electric Power Systems Research
, no. 12, 2010, pp. 1394–

.org/10.1016/j.epsr.2010.05.007
aprawat and B. Limmeechokchai, 

Criteria Optimization for Power Generation Expansion 
ith CO2 Mitigation in Thailand,

Journal of Sicence and Technology

V. Vahidinasab, and K. Mehran, 
multiobjective generation and transmission investment framework 

100% renewable energy sources,
Generation, Transmission & Distribution

library.theiet.org/content/jou

Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment
Intergovernmental Panel on Climate Change

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

Press, 2013, pp. 659
. Amjady, and H. A. Shayanfar, 

electricity market clearing considering dynamic security by 
lexicographic optimization and augme

Applied Soft Computing Journal

Praise Worthy Pri

mitigation and power generation implications of clean supply
side technologies in Thailand, 

Impact on power planning due to demand
management ( DSM ) in commercial and government s

study of central grid of Oman,
2166. 

rg/10.1016/j.energy.2007.05.004
M. Paulus and F. Borggrefe, 

intensive industries for ele
Applied Energy, 

/10.1016/j.apenergy.2010.03.017
A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

, no. 1, 2012, pp. 128
rg/10.1016/j.energy.2011.06.013

Seddighi and A. Ahmadi
power generation and transmission expansion planning with 

ts in a stochastic 

http://www.sciencedirect.com/scienc

H. Mavalizadeh, and A. Ahmadi, 
objective generation and transmission expansion planning 

g normal boundary intersection,
Transmission & Distribution, vol. 9

library.theiet.org/content/journals/10.1049/iet

A. Tejada, and G. V Reklaitis, 
k for the integrated planning of generation and 

n interconnected power systems,
, 2016, pp. 1–21.
/10.1016/j.apenergy.2016.02.014
. H. Hosseini, and M. Raoofat, 

generation and transmission expansion planning cons
International Journal of Electrical Power 

, 2014, pp. 792
http://www.sciencedirect.com/science/articl

i, S., Sarjiya, S., Integrated and Simultaneous 
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE)

doi:https://doi.org/10.15866/iree.v13i2.14748
H. Tekiner, D. W. Coit, and F. A. Felder, Multi
objective electricity generation expansion planning problem with 

Electric Power Systems Research
–1405.

.org/10.1016/j.epsr.2010.05.007
aprawat and B. Limmeechokchai, 

Criteria Optimization for Power Generation Expansion 
ith CO2 Mitigation in Thailand,

Journal of Sicence and Technology

V. Vahidinasab, and K. Mehran, 
multiobjective generation and transmission investment framework 

100% renewable energy sources,
Generation, Transmission & Distribution

library.theiet.org/content/jou

Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment
Intergovernmental Panel on Climate Change

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

Press, 2013, pp. 659
. Amjady, and H. A. Shayanfar, 

electricity market clearing considering dynamic security by 
lexicographic optimization and augme

Applied Soft Computing Journal

Praise Worthy Prize S.r.l. 

mitigation and power generation implications of clean supply
side technologies in Thailand, 

Impact on power planning due to demand
management ( DSM ) in commercial and government s

study of central grid of Oman,

rg/10.1016/j.energy.2007.05.004
M. Paulus and F. Borggrefe, The potential of demand

intensive industries for ele
, vol. 88

/10.1016/j.apenergy.2010.03.017
A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

, no. 1, 2012, pp. 128
rg/10.1016/j.energy.2011.06.013

Seddighi and A. Ahmadi-
power generation and transmission expansion planning with 

ts in a stochastic 

http://www.sciencedirect.com/scienc

H. Mavalizadeh, and A. Ahmadi, 
objective generation and transmission expansion planning 

undary intersection,
vol. 9

library.theiet.org/content/journals/10.1049/iet

A. Tejada, and G. V Reklaitis, 
k for the integrated planning of generation and 

n interconnected power systems,
21. 

/10.1016/j.apenergy.2016.02.014
. H. Hosseini, and M. Raoofat, 

generation and transmission expansion planning cons
International Journal of Electrical Power 

, 2014, pp. 792
http://www.sciencedirect.com/science/articl

i, S., Sarjiya, S., Integrated and Simultaneous 
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE)

doi:https://doi.org/10.15866/iree.v13i2.14748
H. Tekiner, D. W. Coit, and F. A. Felder, Multi
objective electricity generation expansion planning problem with 

Electric Power Systems Research
1405. 

.org/10.1016/j.epsr.2010.05.007
aprawat and B. Limmeechokchai, 

Criteria Optimization for Power Generation Expansion 
ith CO2 Mitigation in Thailand,

Journal of Sicence and Technology

V. Vahidinasab, and K. Mehran, 
multiobjective generation and transmission investment framework 

100% renewable energy sources,
Generation, Transmission & Distribution

library.theiet.org/content/jou

Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment
Intergovernmental Panel on Climate Change

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

Press, 2013, pp. 659–740.
. Amjady, and H. A. Shayanfar, 

electricity market clearing considering dynamic security by 
lexicographic optimization and augme

Applied Soft Computing Journal

ze S.r.l. 

mitigation and power generation implications of clean supply
side technologies in Thailand, 

Impact on power planning due to demand
management ( DSM ) in commercial and government s

study of central grid of Oman,

rg/10.1016/j.energy.2007.05.004
The potential of demand

intensive industries for ele
vol. 88, no. 2, 2011, pp. 432

/10.1016/j.apenergy.2010.03.017
A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

, no. 1, 2012, pp. 128–137.
rg/10.1016/j.energy.2011.06.013

-Javid, 
power generation and transmission expansion planning with 

ts in a stochastic environment,

http://www.sciencedirect.com/science/article/pii/S036054421500

H. Mavalizadeh, and A. Ahmadi, 
objective generation and transmission expansion planning 

undary intersection,
vol. 9, no. 6, Apr. 2015, pp. 560

library.theiet.org/content/journals/10.1049/iet

A. Tejada, and G. V Reklaitis, 
k for the integrated planning of generation and 

n interconnected power systems,

/10.1016/j.apenergy.2016.02.014
. H. Hosseini, and M. Raoofat, 

generation and transmission expansion planning cons
International Journal of Electrical Power 

, 2014, pp. 792
http://www.sciencedirect.com/science/articl

i, S., Sarjiya, S., Integrated and Simultaneous 
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE)

doi:https://doi.org/10.15866/iree.v13i2.14748
H. Tekiner, D. W. Coit, and F. A. Felder, Multi
objective electricity generation expansion planning problem with 

Electric Power Systems Research

.org/10.1016/j.epsr.2010.05.007
aprawat and B. Limmeechokchai, 

Criteria Optimization for Power Generation Expansion 
ith CO2 Mitigation in Thailand,

Journal of Sicence and Technology, vol. 35

V. Vahidinasab, and K. Mehran, 
multiobjective generation and transmission investment framework 

100% renewable energy sources,
Generation, Transmission & Distribution

library.theiet.org/content/jou

Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment
Intergovernmental Panel on Climate Change

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

740. 
. Amjady, and H. A. Shayanfar, 

electricity market clearing considering dynamic security by 
lexicographic optimization and augme

Applied Soft Computing Journal

ze S.r.l. - All rights reserved

mitigation and power generation implications of clean supply
side technologies in Thailand, 

Impact on power planning due to demand
management ( DSM ) in commercial and government s

study of central grid of Oman,

rg/10.1016/j.energy.2007.05.004
The potential of demand

intensive industries for ele
, no. 2, 2011, pp. 432

/10.1016/j.apenergy.2010.03.017
A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

137. 
rg/10.1016/j.energy.2011.06.013

Javid, Integrated multiperiod 
power generation and transmission expansion planning with 

environment,

e/article/pii/S036054421500

H. Mavalizadeh, and A. Ahmadi, 
objective generation and transmission expansion planning 

undary intersection,
, no. 6, Apr. 2015, pp. 560

library.theiet.org/content/journals/10.1049/iet

A. Tejada, and G. V Reklaitis, 
k for the integrated planning of generation and 

n interconnected power systems,

/10.1016/j.apenergy.2016.02.014
. H. Hosseini, and M. Raoofat, 

generation and transmission expansion planning cons
International Journal of Electrical Power 

, 2014, pp. 792–805.
http://www.sciencedirect.com/science/article/pii/S014206151400

i, S., Sarjiya, S., Integrated and Simultaneous 
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE)

doi:https://doi.org/10.15866/iree.v13i2.14748
H. Tekiner, D. W. Coit, and F. A. Felder, Multi
objective electricity generation expansion planning problem with 

Electric Power Systems Research

.org/10.1016/j.epsr.2010.05.007
aprawat and B. Limmeechokchai, 

Criteria Optimization for Power Generation Expansion 
ith CO2 Mitigation in Thailand,

vol. 35, no.

V. Vahidinasab, and K. Mehran, 
multiobjective generation and transmission investment framework 

100% renewable energy sources,
Generation, Transmission & Distribution, vol. 12

library.theiet.org/content/journals/10.1049/iet

Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment
Intergovernmental Panel on Climate Change

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

. Amjady, and H. A. Shayanfar, 
electricity market clearing considering dynamic security by 
lexicographic optimization and augmented epsilon constraint 

Applied Soft Computing Journal, vol. 11

R.

All rights reserved

mitigation and power generation implications of clean supply
side technologies in Thailand, 

Impact on power planning due to demand
management ( DSM ) in commercial and government s

study of central grid of Oman,

rg/10.1016/j.energy.2007.05.004 
The potential of demand

intensive industries for ele
, no. 2, 2011, pp. 432

/10.1016/j.apenergy.2010.03.017
A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

rg/10.1016/j.energy.2011.06.013 
Integrated multiperiod 

power generation and transmission expansion planning with 
environment,

e/article/pii/S036054421500

H. Mavalizadeh, and A. Ahmadi, Probabilistic multi
objective generation and transmission expansion planning 

undary intersection, 
, no. 6, Apr. 2015, pp. 560

library.theiet.org/content/journals/10.1049/iet

A. Tejada, and G. V Reklaitis, 
k for the integrated planning of generation and 

n interconnected power systems,

/10.1016/j.apenergy.2016.02.014
. H. Hosseini, and M. Raoofat, 

generation and transmission expansion planning cons
International Journal of Electrical Power 

805. 
e/pii/S014206151400

i, S., Sarjiya, S., Integrated and Simultaneous 
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE)

doi:https://doi.org/10.15866/iree.v13i2.14748 
H. Tekiner, D. W. Coit, and F. A. Felder, Multi
objective electricity generation expansion planning problem with 

Electric Power Systems Research

.org/10.1016/j.epsr.2010.05.007 
aprawat and B. Limmeechokchai, Multi

Criteria Optimization for Power Generation Expansion 
ith CO2 Mitigation in Thailand,

, no.

V. Vahidinasab, and K. Mehran, 
multiobjective generation and transmission investment framework 

100% renewable energy sources,
vol. 12

rnals/10.1049/iet

Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment
Intergovernmental Panel on Climate Change, T. F. Stocker, D. 

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

. Amjady, and H. A. Shayanfar, 
electricity market clearing considering dynamic security by 

nted epsilon constraint 
vol. 11

R. A. Al Hasibi, S. P. Hadi, Sarjiya

All rights reserved

mitigation and power generation implications of clean supply
side technologies in Thailand, Energy Policy

Impact on power planning due to demand
management ( DSM ) in commercial and government s

study of central grid of Oman,

The potential of demand
intensive industries for electricity markets 

, no. 2, 2011, pp. 432
/10.1016/j.apenergy.2010.03.017 

A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

 
Integrated multiperiod 

power generation and transmission expansion planning with 
environment, Energy

e/article/pii/S036054421500

Probabilistic multi
objective generation and transmission expansion planning 

 IET Generation, 
, no. 6, Apr. 2015, pp. 560

library.theiet.org/content/journals/10.1049/iet

A. Tejada, and G. V Reklaitis, An optimization 
k for the integrated planning of generation and 

n interconnected power systems,

/10.1016/j.apenergy.2016.02.014 
. H. Hosseini, and M. Raoofat, 

generation and transmission expansion planning cons
International Journal of Electrical Power 

 
e/pii/S014206151400

i, S., Sarjiya, S., Integrated and Simultaneous 
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE)

H. Tekiner, D. W. Coit, and F. A. Felder, Multi-
objective electricity generation expansion planning problem with 

Electric Power Systems Research

Multi-
Criteria Optimization for Power Generation Expansion 

ith CO2 Mitigation in Thailand, Songklanakarin 
, no. 3, 2013, pp. 349

V. Vahidinasab, and K. Mehran, 
multiobjective generation and transmission investment framework 

100% renewable energy sources,
vol. 12, no. 2, 201

rnals/10.1049/iet

Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 
of Working Group I to the Fifth Assessment Report of the 

, T. F. Stocker, D. 
K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 

Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

. Amjady, and H. A. Shayanfar, Multi
electricity market clearing considering dynamic security by 

nted epsilon constraint 
vol. 11, no. 4, 2011, pp. 

A. Al Hasibi, S. P. Hadi, Sarjiya

All rights reserved

mitigation and power generation implications of clean supply
Energy Policy

Impact on power planning due to demand
management ( DSM ) in commercial and government sectors with 

study of central grid of Oman,

The potential of demand
ctricity markets 

, no. 2, 2011, pp. 432

A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

Integrated multiperiod 
power generation and transmission expansion planning with 

Energy

e/article/pii/S036054421500

Probabilistic multi
objective generation and transmission expansion planning 

IET Generation, 
, no. 6, Apr. 2015, pp. 560

library.theiet.org/content/journals/10.1049/iet

An optimization 
k for the integrated planning of generation and 

n interconnected power systems,

. H. Hosseini, and M. Raoofat, Composite 
generation and transmission expansion planning cons

International Journal of Electrical Power 

e/pii/S014206151400

i, S., Sarjiya, S., Integrated and Simultaneous 
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE)

-period multi
objective electricity generation expansion planning problem with 

Electric Power Systems Research

-Objective and 
Criteria Optimization for Power Generation Expansion 

Songklanakarin 
3, 2013, pp. 349

V. Vahidinasab, and K. Mehran, 
multiobjective generation and transmission investment framework 

100% renewable energy sources,
, no. 2, 201

rnals/10.1049/iet

Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 

Report of the 
, T. F. Stocker, D. 

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

Multi
electricity market clearing considering dynamic security by 

nted epsilon constraint 
, no. 4, 2011, pp. 

A. Al Hasibi, S. P. Hadi, Sarjiya

All rights reserved 

mitigation and power generation implications of clean supply
Energy Policy

Impact on power planning due to demand
ectors with 

study of central grid of Oman, Energy

The potential of demand
ctricity markets 

, no. 2, 2011, pp. 432–

A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

Integrated multiperiod 
power generation and transmission expansion planning with 

Energy, vol. 86

e/article/pii/S036054421500

Probabilistic multi
objective generation and transmission expansion planning 

IET Generation, 
, no. 6, Apr. 2015, pp. 560

library.theiet.org/content/journals/10.1049/iet-

An optimization 
k for the integrated planning of generation and 

n interconnected power systems, Applied 

Composite 
generation and transmission expansion planning considering 

International Journal of Electrical Power 

e/pii/S014206151400

i, S., Sarjiya, S., Integrated and Simultaneous 
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE)

period multi
objective electricity generation expansion planning problem with 

Electric Power Systems Research

Objective and 
Criteria Optimization for Power Generation Expansion 

Songklanakarin 
3, 2013, pp. 349

V. Vahidinasab, and K. Mehran, A novel 
multiobjective generation and transmission investment framework 

100% renewable energy sources, 
, no. 2, 201

rnals/10.1049/iet-

Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 

Report of the 
, T. F. Stocker, D. 

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

Multi-objective 
electricity market clearing considering dynamic security by 

nted epsilon constraint 
, no. 4, 2011, pp. 

A. Al Hasibi, S. P. Hadi, Sarjiya

 

mitigation and power generation implications of clean supply
Energy Policy

Impact on power planning due to demand-side 
ectors with 

Energy

The potential of demand-side 
ctricity markets 

–441.

A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

Integrated multiperiod 
power generation and transmission expansion planning with 

vol. 86

e/article/pii/S036054421500

Probabilistic multi
objective generation and transmission expansion planning 

IET Generation, 
, no. 6, Apr. 2015, pp. 560

An optimization 
k for the integrated planning of generation and 

Applied 

Composite 
idering 

International Journal of Electrical Power 

e/pii/S014206151400

i, S., Sarjiya, S., Integrated and Simultaneous 
Model of Power Expansion Planning with Distributed Generation, 

International Review of Electrical Engineering (IREE), 13 

period multi
objective electricity generation expansion planning problem with 

Electric Power Systems Research, vol. 

Objective and 
Criteria Optimization for Power Generation Expansion 

Songklanakarin 
3, 2013, pp. 349

A novel 
multiobjective generation and transmission investment framework 

 IET 
, no. 2, 2018, pp.

Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 

Report of the 
, T. F. Stocker, D. 

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

objective 
electricity market clearing considering dynamic security by 

nted epsilon constraint 
, no. 4, 2011, pp. 

A. Al Hasibi, S. P. Hadi, Sarjiya

  

31

mitigation and power generation implications of clean supply- 
Energy Policy, 

side 
ectors with 

Energy, 

side 
ctricity markets 

. 

A. Pina, C. Silva, and P. Ferrão, The impact of demand side 
management strategies in the penetration of renewable electricity, 

Integrated multiperiod 
power generation and transmission expansion planning with 

vol. 86, 

e/article/pii/S036054421500

Probabilistic multi-
objective generation and transmission expansion planning 

IET Generation, 
, no. 6, Apr. 2015, pp. 560–

An optimization 
k for the integrated planning of generation and 

Applied 

Composite 
idering 

International Journal of Electrical Power 

e/pii/S014206151400

i, S., Sarjiya, S., Integrated and Simultaneous 
Model of Power Expansion Planning with Distributed Generation, 

, 13 

period multi-
objective electricity generation expansion planning problem with 

vol. 

Objective and 
Criteria Optimization for Power Generation Expansion 

Songklanakarin 
3, 2013, pp. 349–

A novel 
multiobjective generation and transmission investment framework 

IET 
8, pp. 

Anthropogenic and Natural Radiative Forcing, in 
Climate Change 2013: The Physical Science Basis. Contribution 

Report of the 
, T. F. Stocker, D. 

K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex, and P. M. Midgley, Eds. , Cambridge, 
United Kingdom and New York, NY, USA: Cambridge 

objective 
electricity market clearing considering dynamic security by 

nted epsilon constraint 
, no. 4, 2011, pp. 

 
A. Al Hasibi, S. P. Hadi, Sarjiya

 

31 

[27]

[28]

[29]

[30]

1

Mada, Yogyakarta, Indonesia
 
2

Yogyakarta, Indonesia
 

Muhammadiyah 
power system planning and operation, energy system planning
management
He
(IEEE) 
Indonesian
 

Indonesia. He obtained 
respectively in Electrical Engineering, with 
System Adaptive Control, from 
de Grenoble (INPG),
 

interest
of renewable energy in 
energy system
 

 

A. Al Hasibi, S. P. Hadi, Sarjiya

 

[27] 

[28] 

[29] 

[30] 

1Dept. of Electrical and Information 
Mada, Yogyakarta, Indonesia
 
2Dept. of Electrical Engineering, Universitas Muhammadiyah 
Yogyakarta, Indonesia
 

Muhammadiyah 
power system planning and operation, energy system planning
management
He is a member of the Institute of Electrical and Electronics Engineers 
(IEEE) 
Indonesian
 

Indonesia. He obtained 
respectively in Electrical Engineering, with 
System Adaptive Control, from 
de Grenoble (INPG),
 

interest
of renewable energy in 
energy system
 

 

A. Al Hasibi, S. P. Hadi, Sarjiya

 

3846
http://dx.doi

 G. Mavrotas, Effective implementation of the ε
in Multi
Mathematics and Computation
465.
http://dx.do

 Reyes
Based on a Fuzzy Logic Decision and Sensibility of Stability 
Prediction and Fast Voltage Indices, (2016)
of Electrical En
doi:https://doi.org/10.15866/iree.v11i5.10137

 P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 
power 
petroleum and
Gas Science and Engineering
25–
https://doi.

 NREL, 
Technologies

Dept. of Electrical and Information 
Mada, Yogyakarta, Indonesia

Dept. of Electrical Engineering, Universitas Muhammadiyah 
Yogyakarta, Indonesia

Muhammadiyah 
power system planning and operation, energy system planning
management

is a member of the Institute of Electrical and Electronics Engineers 
(IEEE) with the Power and Energy 
Indonesian

Indonesia. He obtained 
respectively in Electrical Engineering, with 
System Adaptive Control, from 
de Grenoble (INPG),

interests 
of renewable energy in 
energy system

A. Al Hasibi, S. P. Hadi, Sarjiya

 Internationa

3846–3858.
http://dx.doi
G. Mavrotas, Effective implementation of the ε
in Multi
Mathematics and Computation
465. 
http://dx.do
Reyes-Jordan, L., Rios, M., Load Shedding in Power Systems 
Based on a Fuzzy Logic Decision and Sensibility of Stability 
Prediction and Fast Voltage Indices, (2016)
of Electrical En
doi:https://doi.org/10.15866/iree.v11i5.10137
P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 
power 
petroleum and
Gas Science and Engineering

–36. 
https://doi.
NREL, 
Technologies

Dept. of Electrical and Information 
Mada, Yogyakarta, Indonesia

Dept. of Electrical Engineering, Universitas Muhammadiyah 
Yogyakarta, Indonesia

Muhammadiyah 
power system planning and operation, energy system planning
management 

is a member of the Institute of Electrical and Electronics Engineers 
with the Power and Energy 

Indonesian Institute of Professional Engineers.

Indonesia. He obtained 
respectively in Electrical Engineering, with 
System Adaptive Control, from 
de Grenoble (INPG),

 include
of renewable energy in 
energy system

A. Al Hasibi, S. P. Hadi, Sarjiya

Internationa

3858.
http://dx.doi
G. Mavrotas, Effective implementation of the ε
in Multi-Objective Mat
Mathematics and Computation

http://dx.doi.org/10.1016/j.amc.2009.03.037
Jordan, L., Rios, M., Load Shedding in Power Systems 

Based on a Fuzzy Logic Decision and Sensibility of Stability 
Prediction and Fast Voltage Indices, (2016)
of Electrical En
doi:https://doi.org/10.15866/iree.v11i5.10137
P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 
power – 
petroleum and
Gas Science and Engineering

 
https://doi.org/10.1016/j.jngse.2018.03.025
NREL, Cost and Performance data for Power Generation 
Technologies

Dept. of Electrical and Information 
Mada, Yogyakarta, Indonesia

Dept. of Electrical Engineering, Universitas Muhammadiyah 
Yogyakarta, Indonesia

Muhammadiyah 
power system planning and operation, energy system planning

 and 
is a member of the Institute of Electrical and Electronics Engineers 

with the Power and Energy 
Institute of Professional Engineers.

Indonesia. He obtained 
respectively in Electrical Engineering, with 
System Adaptive Control, from 
de Grenoble (INPG),

include power systems operation and planning, 
of renewable energy in 
energy systems and application

A. Al Hasibi, S. P. Hadi, Sarjiya 

Internationa

3858. 
http://dx.doi.org/10.1016/j.asoc.2011.02.022
G. Mavrotas, Effective implementation of the ε

Objective Mat
Mathematics and Computation

i.org/10.1016/j.amc.2009.03.037
Jordan, L., Rios, M., Load Shedding in Power Systems 

Based on a Fuzzy Logic Decision and Sensibility of Stability 
Prediction and Fast Voltage Indices, (2016)
of Electrical Engineering (IREE)
doi:https://doi.org/10.15866/iree.v11i5.10137
P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 

 multi
petroleum and wet gas utilization constraint
Gas Science and Engineering

org/10.1016/j.jngse.2018.03.025
Cost and Performance data for Power Generation 

Technologies, 2012.

Authors’ 
Dept. of Electrical and Information 

Mada, Yogyakarta, Indonesia

Dept. of Electrical Engineering, Universitas Muhammadiyah 
Yogyakarta, Indonesia

Muhammadiyah Yogyakarta
power system planning and operation, energy system planning

 optimization
is a member of the Institute of Electrical and Electronics Engineers 

with the Power and Energy 
Institute of Professional Engineers.

Indonesia. He obtained 
respectively in Electrical Engineering, with 
System Adaptive Control, from 
de Grenoble (INPG), 

power systems operation and planning, 
of renewable energy in 

and application

International Review of

.org/10.1016/j.asoc.2011.02.022
G. Mavrotas, Effective implementation of the ε

Objective Mat
Mathematics and Computation

i.org/10.1016/j.amc.2009.03.037
Jordan, L., Rios, M., Load Shedding in Power Systems 

Based on a Fuzzy Logic Decision and Sensibility of Stability 
Prediction and Fast Voltage Indices, (2016)

gineering (IREE)
doi:https://doi.org/10.15866/iree.v11i5.10137
P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 

multi-objective optimization with an associated 
wet gas utilization constraint

Gas Science and Engineering

org/10.1016/j.jngse.2018.03.025
Cost and Performance data for Power Generation 

, 2012.

Authors’ 
Dept. of Electrical and Information 

Mada, Yogyakarta, Indonesia

Dept. of Electrical Engineering, Universitas Muhammadiyah 
Yogyakarta, Indonesia. 

Rahmat A. Al Hasibi
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 
system expansion planning and operation.
Since 20
Dept of Electrical Engineering at Universitas 

Yogyakarta
power system planning and operation, energy system planning

optimization
is a member of the Institute of Electrical and Electronics Engineers 

with the Power and Energy 
Institute of Professional Engineers.

Sasongko Pramono Hadi
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 
December 27, 1953. In 1979, he received 
Bachelor degree in Electrical Engineering, 
Gadjah Ma

Indonesia. He obtained a 
respectively in Electrical Engineering, with 
System Adaptive Control, from 

 France.

Sarjiya
electrical engineering from Universitas Gadjah 
Mada in 1998 and 2001
he received a Ph.D. degree
University, Thailand. He is currently an 
associate professor 
Department
Engineering, Universitas Gadjah Mada. His 

power systems operation and planning, 
of renewable energy in 

and application

l Review of

.org/10.1016/j.asoc.2011.02.022
G. Mavrotas, Effective implementation of the ε

Objective Mathematical Programming problems,
Mathematics and Computation

i.org/10.1016/j.amc.2009.03.037
Jordan, L., Rios, M., Load Shedding in Power Systems 

Based on a Fuzzy Logic Decision and Sensibility of Stability 
Prediction and Fast Voltage Indices, (2016)

gineering (IREE)
doi:https://doi.org/10.15866/iree.v11i5.10137
P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 

objective optimization with an associated 
wet gas utilization constraint

Gas Science and Engineering

org/10.1016/j.jngse.2018.03.025
Cost and Performance data for Power Generation 

, 2012. 

Authors’ 
Dept. of Electrical and Information 

Mada, Yogyakarta, Indonesia.

Dept. of Electrical Engineering, Universitas Muhammadiyah 

Rahmat A. Al Hasibi
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 
system expansion planning and operation.
Since 20
Dept of Electrical Engineering at Universitas 

Yogyakarta, Indonesia.
power system planning and operation, energy system planning

optimization
is a member of the Institute of Electrical and Electronics Engineers 

with the Power and Energy 
Institute of Professional Engineers.

Sasongko Pramono Hadi
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 
December 27, 1953. In 1979, he received 
Bachelor degree in Electrical Engineering, 
Gadjah Ma
a Master and Doctoral degree in 1985 and 1988 

respectively in Electrical Engineering, with 
System Adaptive Control, from 

France. 

Sarjiya
electrical engineering from Universitas Gadjah 
Mada in 1998 and 2001
he received a Ph.D. degree
University, Thailand. He is currently an 
associate professor 

epartment
Engineering, Universitas Gadjah Mada. His 

power systems operation and planning, 
of renewable energy in the electric

and application

l Review of

.org/10.1016/j.asoc.2011.02.022
G. Mavrotas, Effective implementation of the ε

hematical Programming problems,
Mathematics and Computation

i.org/10.1016/j.amc.2009.03.037
Jordan, L., Rios, M., Load Shedding in Power Systems 

Based on a Fuzzy Logic Decision and Sensibility of Stability 
Prediction and Fast Voltage Indices, (2016)

gineering (IREE)
doi:https://doi.org/10.15866/iree.v11i5.10137
P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 

objective optimization with an associated 
wet gas utilization constraint

Gas Science and Engineering

org/10.1016/j.jngse.2018.03.025
Cost and Performance data for Power Generation 

Authors’ 
Dept. of Electrical and Information 

. 

Dept. of Electrical Engineering, Universitas Muhammadiyah 

Rahmat A. Al Hasibi
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 
system expansion planning and operation.
Since 2005, he has been a faculty member of the 
Dept of Electrical Engineering at Universitas 

, Indonesia.
power system planning and operation, energy system planning

optimization, and microgrid
is a member of the Institute of Electrical and Electronics Engineers 

with the Power and Energy 
Institute of Professional Engineers.

Sasongko Pramono Hadi
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 
December 27, 1953. In 1979, he received 
Bachelor degree in Electrical Engineering, 
Gadjah Ma

Master and Doctoral degree in 1985 and 1988 
respectively in Electrical Engineering, with 
System Adaptive Control, from T

 

Sarjiya received 
electrical engineering from Universitas Gadjah 
Mada in 1998 and 2001
he received a Ph.D. degree
University, Thailand. He is currently an 
associate professor 

epartment
Engineering, Universitas Gadjah Mada. His 

power systems operation and planning, 
the electric

and applications of 

l Review of Electrical Engineering, Vol. 14

.org/10.1016/j.asoc.2011.02.022
G. Mavrotas, Effective implementation of the ε

hematical Programming problems,
Mathematics and Computation, 

i.org/10.1016/j.amc.2009.03.037
Jordan, L., Rios, M., Load Shedding in Power Systems 

Based on a Fuzzy Logic Decision and Sensibility of Stability 
Prediction and Fast Voltage Indices, (2016)

gineering (IREE)
doi:https://doi.org/10.15866/iree.v11i5.10137
P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 

objective optimization with an associated 
wet gas utilization constraint

Gas Science and Engineering, 

org/10.1016/j.jngse.2018.03.025
Cost and Performance data for Power Generation 

Authors’ information
Dept. of Electrical and Information 

Dept. of Electrical Engineering, Universitas Muhammadiyah 

Rahmat A. Al Hasibi
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 
system expansion planning and operation.

05, he has been a faculty member of the 
Dept of Electrical Engineering at Universitas 

, Indonesia.
power system planning and operation, energy system planning

, and microgrid
is a member of the Institute of Electrical and Electronics Engineers 

with the Power and Energy Society
Institute of Professional Engineers.

Sasongko Pramono Hadi
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 
December 27, 1953. In 1979, he received 
Bachelor degree in Electrical Engineering, 
Gadjah Mada University, Yogyakarta, 

Master and Doctoral degree in 1985 and 1988 
respectively in Electrical Engineering, with 

The Institute Nationale Polytechnique 

received 
electrical engineering from Universitas Gadjah 
Mada in 1998 and 2001
he received a Ph.D. degree
University, Thailand. He is currently an 
associate professor 

epartment of Electrical and Information 
Engineering, Universitas Gadjah Mada. His 

power systems operation and planning, 
the electric

of optimization

Electrical Engineering, Vol. 14

.org/10.1016/j.asoc.2011.02.022
G. Mavrotas, Effective implementation of the ε

hematical Programming problems,
, vol. 213

i.org/10.1016/j.amc.2009.03.037
Jordan, L., Rios, M., Load Shedding in Power Systems 

Based on a Fuzzy Logic Decision and Sensibility of Stability 
Prediction and Fast Voltage Indices, (2016)

gineering (IREE), 11 (5), pp. 496
doi:https://doi.org/10.15866/iree.v11i5.10137
P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 

objective optimization with an associated 
wet gas utilization constraint

, vol. 54

org/10.1016/j.jngse.2018.03.025
Cost and Performance data for Power Generation 

nformation
Dept. of Electrical and Information Technology, Universitas Gadjah 

Dept. of Electrical Engineering, Universitas Muhammadiyah 

Rahmat A. Al Hasibi
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 
system expansion planning and operation.

05, he has been a faculty member of the 
Dept of Electrical Engineering at Universitas 

, Indonesia. His research interests 
power system planning and operation, energy system planning

, and microgrid
is a member of the Institute of Electrical and Electronics Engineers 

Society
Institute of Professional Engineers.

Sasongko Pramono Hadi
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 
December 27, 1953. In 1979, he received 
Bachelor degree in Electrical Engineering, 

da University, Yogyakarta, 
Master and Doctoral degree in 1985 and 1988 

respectively in Electrical Engineering, with 
he Institute Nationale Polytechnique 

received a 
electrical engineering from Universitas Gadjah 
Mada in 1998 and 2001
he received a Ph.D. degree
University, Thailand. He is currently an 
associate professor 

of Electrical and Information 
Engineering, Universitas Gadjah Mada. His 

power systems operation and planning, 
the electric power grid, hybrid renewable 

optimization

Electrical Engineering, Vol. 14

.org/10.1016/j.asoc.2011.02.022
G. Mavrotas, Effective implementation of the ε

hematical Programming problems,
vol. 213

i.org/10.1016/j.amc.2009.03.037
Jordan, L., Rios, M., Load Shedding in Power Systems 

Based on a Fuzzy Logic Decision and Sensibility of Stability 
Prediction and Fast Voltage Indices, (2016)

, 11 (5), pp. 496
doi:https://doi.org/10.15866/iree.v11i5.10137
P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 

objective optimization with an associated 
wet gas utilization constraint

vol. 54, 

org/10.1016/j.jngse.2018.03.025
Cost and Performance data for Power Generation 

nformation
Technology, Universitas Gadjah 

Dept. of Electrical Engineering, Universitas Muhammadiyah 

Rahmat A. Al Hasibi
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 
system expansion planning and operation.

05, he has been a faculty member of the 
Dept of Electrical Engineering at Universitas 

His research interests 
power system planning and operation, energy system planning

, and microgrid. 
is a member of the Institute of Electrical and Electronics Engineers 

Society. He is also a member of the 
Institute of Professional Engineers.

Sasongko Pramono Hadi
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 
December 27, 1953. In 1979, he received 
Bachelor degree in Electrical Engineering, 

da University, Yogyakarta, 
Master and Doctoral degree in 1985 and 1988 

respectively in Electrical Engineering, with the 
he Institute Nationale Polytechnique 

a B.Eng and M.Eng degree in 
electrical engineering from Universitas Gadjah 
Mada in 1998 and 2001
he received a Ph.D. degree
University, Thailand. He is currently an 
associate professor and the chair of 

of Electrical and Information 
Engineering, Universitas Gadjah Mada. His 

power systems operation and planning, 
power grid, hybrid renewable 

optimization

Electrical Engineering, Vol. 14

.org/10.1016/j.asoc.2011.02.022 
G. Mavrotas, Effective implementation of the ε

hematical Programming problems,
vol. 213, no. 2, 200

i.org/10.1016/j.amc.2009.03.037 
Jordan, L., Rios, M., Load Shedding in Power Systems 

Based on a Fuzzy Logic Decision and Sensibility of Stability 
Prediction and Fast Voltage Indices, (2016) 

, 11 (5), pp. 496
doi:https://doi.org/10.15866/iree.v11i5.10137
P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 

objective optimization with an associated 
wet gas utilization constraint” 

 no. February, 2018, pp. 

org/10.1016/j.jngse.2018.03.025 
Cost and Performance data for Power Generation 

nformation
Technology, Universitas Gadjah 

Dept. of Electrical Engineering, Universitas Muhammadiyah 

Rahmat A. Al Hasibi is finishing a doctoral 
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 
system expansion planning and operation.

05, he has been a faculty member of the 
Dept of Electrical Engineering at Universitas 

His research interests 
power system planning and operation, energy system planning

 
is a member of the Institute of Electrical and Electronics Engineers 

He is also a member of the 
Institute of Professional Engineers. 

Sasongko Pramono Hadi 
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 
December 27, 1953. In 1979, he received 
Bachelor degree in Electrical Engineering, 

da University, Yogyakarta, 
Master and Doctoral degree in 1985 and 1988 

the research subject: Power 
he Institute Nationale Polytechnique 

B.Eng and M.Eng degree in 
electrical engineering from Universitas Gadjah 
Mada in 1998 and 2001, respectively. 
he received a Ph.D. degree 
University, Thailand. He is currently an 

and the chair of 
of Electrical and Information 

Engineering, Universitas Gadjah Mada. His 
power systems operation and planning, 

power grid, hybrid renewable 
optimization in power engineering

Electrical Engineering, Vol. 14

 
G. Mavrotas, Effective implementation of the ε-constraint method 

hematical Programming problems,
, no. 2, 200

 
Jordan, L., Rios, M., Load Shedding in Power Systems 

Based on a Fuzzy Logic Decision and Sensibility of Stability 
 International Review 

, 11 (5), pp. 496-
doi:https://doi.org/10.15866/iree.v11i5.10137 
P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 

objective optimization with an associated 
” Journal of

no. February, 2018, pp. 

Cost and Performance data for Power Generation 

nformation 
Technology, Universitas Gadjah 

Dept. of Electrical Engineering, Universitas Muhammadiyah 

is finishing a doctoral 
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 
system expansion planning and operation.

05, he has been a faculty member of the 
Dept of Electrical Engineering at Universitas 

His research interests 
power system planning and operation, energy system planning

is a member of the Institute of Electrical and Electronics Engineers 
He is also a member of the 

 is a lecturer
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 
December 27, 1953. In 1979, he received 
Bachelor degree in Electrical Engineering, 

da University, Yogyakarta, 
Master and Doctoral degree in 1985 and 1988 

research subject: Power 
he Institute Nationale Polytechnique 

B.Eng and M.Eng degree in 
electrical engineering from Universitas Gadjah 

respectively. 
 from Chulalongkorn 

University, Thailand. He is currently an 
and the chair of 

of Electrical and Information 
Engineering, Universitas Gadjah Mada. His 

power systems operation and planning, 
power grid, hybrid renewable 

in power engineering

Electrical Engineering, Vol. 14

constraint method 
hematical Programming problems,

, no. 2, 200

Jordan, L., Rios, M., Load Shedding in Power Systems 
Based on a Fuzzy Logic Decision and Sensibility of Stability 

International Review 
-505.

P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 
objective optimization with an associated 

Journal of
no. February, 2018, pp. 

Cost and Performance data for Power Generation 

 
Technology, Universitas Gadjah 

Dept. of Electrical Engineering, Universitas Muhammadiyah 

is finishing a doctoral 
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 
system expansion planning and operation.

05, he has been a faculty member of the 
Dept of Electrical Engineering at Universitas 

His research interests 
power system planning and operation, energy system planning

is a member of the Institute of Electrical and Electronics Engineers 
He is also a member of the 

a lecturer
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 
December 27, 1953. In 1979, he received 
Bachelor degree in Electrical Engineering, 

da University, Yogyakarta, 
Master and Doctoral degree in 1985 and 1988 

research subject: Power 
he Institute Nationale Polytechnique 

B.Eng and M.Eng degree in 
electrical engineering from Universitas Gadjah 

respectively. 
from Chulalongkorn 

University, Thailand. He is currently an 
and the chair of 

of Electrical and Information 
Engineering, Universitas Gadjah Mada. His 

power systems operation and planning, the 
power grid, hybrid renewable 

in power engineering

Electrical Engineering, Vol. 14

constraint method 
hematical Programming problems,

, no. 2, 2009, pp

Jordan, L., Rios, M., Load Shedding in Power Systems 
Based on a Fuzzy Logic Decision and Sensibility of Stability 

International Review 
505. 

P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 
objective optimization with an associated 

Journal of
no. February, 2018, pp. 

Cost and Performance data for Power Generation 

Technology, Universitas Gadjah 

Dept. of Electrical Engineering, Universitas Muhammadiyah 

is finishing a doctoral 
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 
system expansion planning and operation.

05, he has been a faculty member of the 
Dept of Electrical Engineering at Universitas 

His research interests 
power system planning and operation, energy system planning

is a member of the Institute of Electrical and Electronics Engineers 
He is also a member of the 

a lecturer
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 
December 27, 1953. In 1979, he received 
Bachelor degree in Electrical Engineering, 

da University, Yogyakarta, 
Master and Doctoral degree in 1985 and 1988 

research subject: Power 
he Institute Nationale Polytechnique 

B.Eng and M.Eng degree in 
electrical engineering from Universitas Gadjah 

respectively. 
from Chulalongkorn 

University, Thailand. He is currently an 
and the chair of 

of Electrical and Information 
Engineering, Universitas Gadjah Mada. His 

the integration 
power grid, hybrid renewable 

in power engineering

Electrical Engineering, Vol. 14, N.

constraint method 
hematical Programming problems, Applied 

9, pp. 455

Jordan, L., Rios, M., Load Shedding in Power Systems 
Based on a Fuzzy Logic Decision and Sensibility of Stability 

International Review 

P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 
objective optimization with an associated 

Journal of Natural 
no. February, 2018, pp. 

Cost and Performance data for Power Generation 

Technology, Universitas Gadjah 

Dept. of Electrical Engineering, Universitas Muhammadiyah 

is finishing a doctoral 
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 
system expansion planning and operation. 

05, he has been a faculty member of the 
Dept of Electrical Engineering at Universitas 

His research interests include
power system planning and operation, energy system planning

is a member of the Institute of Electrical and Electronics Engineers 
He is also a member of the 

a lecturer in 
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 
December 27, 1953. In 1979, he received 
Bachelor degree in Electrical Engineering, 

da University, Yogyakarta, 
Master and Doctoral degree in 1985 and 1988 

research subject: Power 
he Institute Nationale Polytechnique 

B.Eng and M.Eng degree in 
electrical engineering from Universitas Gadjah 

respectively. In 2008, 
from Chulalongkorn 

University, Thailand. He is currently an 
and the chair of 

of Electrical and Information 
Engineering, Universitas Gadjah Mada. His 

integration 
power grid, hybrid renewable 

in power engineering

, N. 1

constraint method 
Applied 
. 455–

Jordan, L., Rios, M., Load Shedding in Power Systems 
Based on a Fuzzy Logic Decision and Sensibility of Stability 

International Review 

P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 
objective optimization with an associated 

Natural 
no. February, 2018, pp. 

Cost and Performance data for Power Generation 

Technology, Universitas Gadjah 

Dept. of Electrical Engineering, Universitas Muhammadiyah 

is finishing a doctoral 
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 

05, he has been a faculty member of the 
Dept of Electrical Engineering at Universitas 

include
power system planning and operation, energy system planning, 

is a member of the Institute of Electrical and Electronics Engineers 
He is also a member of the 

in the 
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 
December 27, 1953. In 1979, he received a 
Bachelor degree in Electrical Engineering, 

da University, Yogyakarta, 
Master and Doctoral degree in 1985 and 1988 

research subject: Power 
he Institute Nationale Polytechnique 

B.Eng and M.Eng degree in 
electrical engineering from Universitas Gadjah 

In 2008, 
from Chulalongkorn 

University, Thailand. He is currently an 
and the chair of the 

of Electrical and Information 
Engineering, Universitas Gadjah Mada. His 

integration 
power grid, hybrid renewable 

in power engineering. 

1 

constraint method 
Applied 

–

Jordan, L., Rios, M., Load Shedding in Power Systems 
Based on a Fuzzy Logic Decision and Sensibility of Stability 

International Review 

P. Pujihatma, S. Pramono, and T. Agung, “Combined heat and 
objective optimization with an associated 

Natural 
no. February, 2018, pp. 

Cost and Performance data for Power Generation 

Technology, Universitas Gadjah 

Dept. of Electrical Engineering, Universitas Muhammadiyah 

is finishing a doctoral 
degree at Universitas Gadjah Mada, Yogyakarta, 
Indonesia. He received a Master degree from the 
same university in 2012. Both the Master and 
Doctoral degree major in electrical power 

05, he has been a faculty member of the 
Dept of Electrical Engineering at Universitas 

include 
, 

is a member of the Institute of Electrical and Electronics Engineers 
He is also a member of the 

he 
Department of Electrical Engineering and 
Information Technology, Faculty of 
Engineering, Gadjah Mada University, 
Yogyakarta, Indonesia. He was born in Klaten, 

a 
Bachelor degree in Electrical Engineering, 

da University, Yogyakarta, 
Master and Doctoral degree in 1985 and 1988 

research subject: Power 
he Institute Nationale Polytechnique 

B.Eng and M.Eng degree in 
electrical engineering from Universitas Gadjah 

In 2008, 
from Chulalongkorn 

University, Thailand. He is currently an 
the 

of Electrical and Information 
Engineering, Universitas Gadjah Mada. His 

integration 
power grid, hybrid renewable 

 

https://doi.o
http://dx.doi.org
http://dx.doi.o
http://www.sciencedirect.com/scienc
http://digital
http://dx.doi.org
http://www.sciencedirect.com/science/articl
https://doi.org/10.15866/iree.v13i2.14748
http://dx.doi
http://digital
https://doi.o
http://dx.doi.org
http://dx.doi.o
http://www.sciencedirect.com/scienc
http://digital
http://dx.doi.org
http://www.sciencedirect.com/science/articl
https://doi.org/10.15866/iree.v13i2.14748
http://dx.doi
http://digital
https://doi.o
http://dx.doi.org
http://dx.doi.o
http://www.sciencedirect.com/scienc
http://digital
http://dx.doi.org
http://www.sciencedirect.com/science/articl
https://doi.org/10.15866/iree.v13i2.14748
http://dx.doi
http://digital
https://doi.org/10.1016/j.energy.2007.05.004
http://dx.doi.org
http://dx.doi.org/10.1016/j.energy.2011.06.013
http://www.sciencedirect.com/scienc
http://digital-library.theiet.org/content/journals/10.1049/iet
http://dx.doi.org
http://www.sciencedirect.com/science/articl
https://doi.org/10.15866/iree.v13i2.14748
http://dx.doi.org/10.1016/j.epsr.2010.05.007
http://digital-library.theiet.org/content/jou
http://dx.doi.org/10.1016/j.apenergy.2010.03.017
http://www.sciencedirect.com/scienc
http://dx.doi.org/10.1016/j.apenergy.2016.02.014
http://www.sciencedirect.com/science/articl
https://doi.org/10.15866/iree.v13i2.14748
http://www.sciencedirect.com/scienc
http://www.sciencedirect.com/science/articl
https://doi.org/10.15866/iree.v13i2.14748
http://www.sciencedirect.com/scienc
http://www.sciencedirect.com/science/articl
https://doi.org/10.15866/iree.v13i2.14748
http://www.sciencedirect.com/scienc
http://www.sciencedirect.com/science/articl
https://doi.org/10.15866/iree.v13i2.14748
http://www.sciencedirect.com/scienc
http://www.sciencedirect.com/science/articl
https://doi.org/10.15866/iree.v13i2.14748
http://www.sciencedirect.com/science/article/pii/S036054421500
http://www.sciencedirect.com/science/articl
https://doi.org/10.15866/iree.v13i2.14748
http://www.sciencedirect.com/science/article/pii/S014206151400
https://doi.org/10.15866/iree.v13i2.14748
https://doi.org/10.15866/iree.v13i2.14748
http://dx.doi
http://dx.do
https://doi.org/10.15866/iree.v11i5.10137
https://doi.
http://dx.doi
http://dx.do
https://doi.org/10.15866/iree.v11i5.10137
https://doi.
http://dx.doi
http://dx.doi.org/10.1016/j.amc.2009.03.037
https://doi.org/10.15866/iree.v11i5.10137
https://doi.org/10.1016/j.jngse.2018.03.025
http://dx.doi.org/10.1016/j.asoc.2011.02.022
https://doi.org/10.15866/iree.v11i5.10137
https://doi.org/10.15866/iree.v11i5.10137
https://doi.org/10.15866/iree.v11i5.10137
https://doi.org/10.15866/iree.v11i5.10137
https://doi.org/10.15866/iree.v11i5.10137
https://doi.org/10.15866/iree.v11i5.10137
https://doi.org/10.15866/iree.v11i5.10137
https://doi.org/10.15866/iree.v11i5.10137
https://doi.org/10.15866/iree.v11i5.10137

