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Abstract - This paper presents a long-term Generation Expansion Planning (GEP) model with consideration of load 

forecast uncertainty based on Grasshopper Optimization Algorithm (GOA). The proposed approach is formulated as a 

non-linear optimization problem, where the objective function is to minimize the cost of generating units. The 

retirement of existing generating unit is incorporated in the projected model as these units reach their maximum life 

time. The planned approach is applied to two scenarios, one with GEP excluding unit retirement and the other GEP 

including unit retirement, each scenario is applied into 6-year, 14-year and 24-year planning period, and numerical 

results shows that the proposed model is cost effective. 
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I. INTRODUCTION 

1.1 Long- term load forecasting for economical 

 generation expansion and retirement planning 

A forecast is only a predication of power demand in future 

values, however accuracy of load forecast is troublesome 

because of the time and characteristics of power system 

additions. Accurate forecasts direct to extensive savings in 

operating and maintenance costs also it improves the 

reliability of power supply. An important activity of electric 

power providers is load forecasting using regression 

analysis which may result in unexpected cost as it depends 

only on past values. The results of load forecasting are 

obtained by providing the data as input for Generation 

Expansion Planning (GEP), which in turn used to meet up 

the long term power demand with minimization of cost.  

 One of the major problems confronting electric utility 

system planners is the selection of most excellent expansion 

in alternate for their system. If the forecasted demand is too 

high, it consequently requires too much generation capacity 

causing the investment cost to be higher. Also if the load 

forecast is low, generation capacity cannot meet out the 

demand. Hence, the load forecast uncertainty is an 

important parameter to be considered in GEP. The GEP is a 

well constrained non-linear optimization problem, and its 

absolute solution can be found by minimizing the cost, 

subject to the constraints such as capacity of generating 

units and operating constraints. Retirement of the existing 

generating units is adopted, since these units are aging 

more and more. This assessment may be beneficial because 

old units are being operated at higher costs and decreased 

practical capacities, which causes unreliability of the 

system to be more severe.   

 

Nomenclature 

CIi   Capital investment cost of ith unit, $. 

EES   Expected Energy Served, MWh. 

FC   Fixed operation and maintenance cost of the   

    units, $/MW. 

FMR jmax  Maximum acceptable fuel mix ratio of jth unit.  

FMR jmin Minimum acceptable fuel mix ratio of the jth   

    unit. 

ft,i    Flag indicating the retirement of old unit i in   

    the year  t. 

g'     Variable used to indicate that the maintenance 

     cost is calculated at the middle of each year. 

Inv(Mt)     Present value of investment cost of the newly 

     introduced units at the tth stage, $. 

 j     Type of the unit( fuel used:  oil, LNG, coal,  

     nuclear). 
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Lt     Load demand in stage t, (MW).  

LTi    Life time of new unit i. 

Mt    N-dimensional vector of newly introduced  

     units in the  stage t (1 stage = 2 years)..   

Mt,i    Number of newly introduced units of type i in 

     stage t. 

N     Total number of different types of units. 

OC    Value of outage cost, $. 

OM(Xt)  Present value of total operation and     

     maintenance cost  of existing and the newly  

     introduced units, $. 

Otj    Outage time of state j.       

Out(Xt)   Present value of outage cost of the existing and 

     the newly introduced units, $. 

P(Uj)   Probability of occurring at state j . 

r     Interest rate. 

Resmax   Maximum reserve margin, (%).  

Resmin   Minimum reserve margin, (%). 

 Rj    Reserve capacity at state j. 

Rt     Vector of committed retirement of units in the 

     year t. 

Sal(Mt)   Present salvage value of the newly added unit 

     at tth interval. 

T     Length of the planning horizon in stages. 

TC    Total cost, $. 

Uj     Outage capacity at state j. 

VC    Variable operation and maintenance cost of  

      the units (energy), $/MWh. 

we
t,i    Binary decision variable for retirement of new 

     unit i in  year t. 

we
t,i    Binary decision variable for retirement of old 

     unit i in year t. 

Xt     Cumulative capacity vector of existing units in 

     stage t, (MW). 

Xt,i    Cumulative capacity of existing units of type i  

     in stage t, (MW). 

Xt,i    Cumulative capacity of ith unit at stage t. 

δi     Salvage factor of ith unit. 

ε     Reliability criterion for maximum allowable  

     LOLP. 

 

1.2 State-of-the-art methods  

The economical GEP problem intended for long-term 

planning horizon is a difficult and multi-constrained 

optimization problem. The solution methods for solving the 

GEP problem can be categorized into mathematical 

(deterministic) and meta-heuristic based solution algorithm 

(probabilistic).  

1.2.1 Deterministic approach for GEP  

The mathematical programming technique that includes 

hamiltonian method [1], dynamic programming [2], Mixed 

Integer Non-Linear Programming (MINLP) (3) and Mixed 

Integer Linear Programming (MILP) [4]-[7] have been 

applied for solving the GEP problems. GEP problem is 

solved for Tamil Nadu, for the period of 30 years from 

2012 to 2041 by WASP-IV [8] package and joint Chance 

Constrained Programming (CCP) [9] is used to solve GEP 

problem with load uncertainty. These approaches explore 

their applicability in favor of deterministic model based on 

GEP problems. The major problem in mathematical models 

is that number of combinations of states increases 

exponentially with the system size. Therefore, these 

methods are not appropriate for solving the non-linear 

objectives and constraints.  Also they need a number of 

assumptions for creating the problem, which can be solved 

by realistic accuracy. In order to overcome the limitations 

of mathematical models, a meta-heuristic algorithm has 

been applied for solving economical GEP problems. 

1.2.2 Probabilistic approach to solve GEP  

The heuristic algorithm such as parallel Genetic Algorithm 

(GA) [10] is established on a standard GEP problem with 4 

technologies, 5 intervals and with different number of 

generating units. But, parallel GA has various structural 

problems for instance premature convergence and 

duplications among strings in a population as generation 

progresses. Some of the improvements are presented to 

increase the efficiency of the Evolutionary Programming 

(EP) [11] and Improved Genetic Algorithm (IGA) [12],  

[13] which overcomes the aforementioned problems of the 

GA to some extent, however, IGA3 randomly selects one of 

the three different crossover method.  Five variants of 

Particle Swarm Optimization (PSO) [14] and meta-heuristic 

techniques [15], [16] such as GA, Differential Evolution 

(DE), Evolutionary Strategy (ES), Ant Colony 

Optimization (ACO), PSO, Tabu Search (TS), and 

Simulated Annealing (SA) are applied to solve GEP. These 

meta-heuristic techniques require Intelligent Initial 

Population Generation (IIPG) to reduce the solution space. 

Non-dominated Sorting Genetic Algorithm version II 

(NSGA-II) [17] – [19] is also applied to solve GEP 

problem, but major issues when using NSGA-II is 

convergence behavior. Therefore, to improve the 

effectiveness of NSGA-II, Virtual Mapping Procedure 

(VMP) is incorporated to reduce the array size. The 

aforementioned probabilistic approaches has heavy 

computational burdens on the GEP. Hence, the solution is 

either to use the parallel processing approach or to utilize 

the scenario-based technique. Scenario reduction algorithm 

[20] with Monte Carlo Simulation (MCS) is applied to 

solve simultaneous generation expansion and retirement 

planning in case of uncertainty modeling having a large 

number of scenarios.  

1.2.3 Recent reports  

 The predefined MINLP problems, requires the use of 

combinational optimization algorithms or heuristic 

approaches. Despite of their significant potential to 

discover optimal resolution to complex large-scale 

problems, these algorithms do not ensure the decision 

maker of attainment to the global optimal solution. 
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Therefore, modifications are supposed to be complete to 

overcome these disadvantages.  Recently, Shuffled Frog 

Leaping Algorithm (SFLA) [21] is presented as an efficient 

tool to make a suitable suboptimal explanation for the 

problem, as well as changes is also projected to get better 

performance in systems. key literature and proposed 

method is presented in Table 1. 

1.3 Research gap and motivation 

A very few reports have been addressed in the literature for 

solving GEP with unit retirement decisions. Power systems 

are getting older and additional generating units are facing 

the aging deficits, but novel technologies are of attractive 

features for instance the high production efficiency. As a 

consequence of rising operation cost of aged amenities and 

their essential responsibility in the system unreliability and 

risk cost, the retirement of aged units is considered in the 

GEP problem. Generation Expansion and Retirement 

Planning (GERP) is accordingly introduced in this article as 

an open research area. 

1.4 Optimization tool 

A optimal tool for solving the proposed model is essential 

as the probabilistic model increases the difficulty in GERP 

problem. Recently, in the meadow of evolutionary 

computations, a novel optimization algorithm, namely 

Grasshopper Optimization Algorithm (GOA) has been 

developed by inspiring the foraging performance of 

grasshoppers [22]. The attractive features of GOA over 

other well-known meta-heuristics algorithms are 

straightforward, easy to implement and has less control 

parameter. 

 1.5 Research contributions 

This paper proposes GOA as a well-organized 

mathematical model for GERP problem in which every 

analysis are conducted in a probabilistic approach by means 

of the forecasted peak demand [23] for 6-year study.  Load 

demand for 6-year study is used to forecast the load 

demand for 14-year and 24-year study period by using 

regression analysis. The proposed approach is applied to 

generation expansion planning excluding unit retirement 

(scenario 1) and generation expansion planning including 

unit retirement (scenario 2), both having three cases. These 

two scenarios are applied for 6-year, 14-year and 24-year 

planning horizon. 

1.6 Paper organization 

The rest of paper is arranged as follows. The problem 

formulation of GERP is specified in section 2. The 

procedure for solving GERP by means of GOA is presented 

in section 3. The application of GOA for different test cases 

and the complete numerical results are provided in section 

4 & conclusions are presented in Section 5.  

Table:1  Key literature and proposed 

Year Model / 

Approac

h 

Load 

forecastin

g 

Unit 

retirement 

Stochasticit

y 

Refurbis

h 

-ment of 

existing 

units  

Propose

d 

GOA Yes Yes Scenario  Yes 

2017 BSA No No Yes No 

2015 SFL No No Yes No 

2015 CCP No No Yes No 

2014 WASP-IV No No No No 

2014 MILP No No No No 
2013 MC No Yes No No 

2012 MILP No No Scenario Yes 

2012 MILP No No No No 

2010 MC No No No No 
2009 NSGA-II No No Yes No 

II. PROBLEM FORMULATION OF THE 

ECONOMICAL GERP PROBLEM  

Mathematically, solving an economical GERP problem is 

equivalent in finding a set of optimal decision vectors over 

a planning horizon that minimizes the objective function 

under a number of constraints. The GERP problem is 

formulated as follows: 

2.1 Objective function  

The objective function is to minimize the summation of 

yearly discounted costs over a planning horizon which is 

given by (1). 

 
1

min ( ) ( ) ( ) ( )
T

t t t t

t

TC Inv M Sal M OM X Out X



             (1) 

    where  

           1 ( 1,2, )t t t tX X M R t T     

The yearly discounted cost is composed of investment costs 

(2), salvage cost (3), expected O&M cost (4) and outage 

cost (5). The investment cost is assumed to arise in the 

beginning of year, while the maintenance cost is  occurs in 

the middle of year and is calculated by the corresponding 

energy function method and salvage cost is assumed to 

occur at the end of the planning horizon. For effective 

modeling of the investment cost in the planning horizon, it 

is replaced with the associated annual equivalent value as 

stated in (2). The salvage cost is usually positive 

appropriate to the value of retired facilities [20]. 
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2.2 Constraints 

In GERP model, five types of constraints are presented that 

consists of reserve margin, fuel mix ratio, reliability 

criterion, upper construction limit and meeting the load 

demand. 

2.2.1 Reserve margin  

The cumulative capacity of newly added unit must satisfy 

the minimum and maximum reserve margin.               

min , max

1

(1 Re ) (1 Re )
N

t t i t

i

s L X s L



                             (7) 

2.2.2 Fuel mix ratio 

The GERP has different types of generating units such as 

coal, Liquefied Natural Gas (LNG),oil, and nuclear. The 

chosen units along with the existing units of each type must 

satisfy the fuel mix ratio.                  

, , maxmin
1

1,2,
N

j j
t j t i

i

FMR X X FMR j N



                      (8) 

2.2.3 Reliability criterion  

This constraint ensures that chosen units along with the 

existing units must satisfy a reliability criterion on loss of 

load probability. 

( )tLOLP X                                                                   (9) 

2.2.4 Upper construction limit  

This constraint reflects the maximum allowable number for 

new generating units to be committed during period t. 

  max,0 t tM M                                                              (10) 

 2.2.5 Demand  

 The power demand constraints ensures that the expected 

power demand is less than or equal to the cumulative 

capacity of the added unit at stage t. 

  ,

1

N

t i t

i

X L



                                                                    (11) 

III. GOA – BASED GERP 

3.1 GOA in brief  

Grasshoppers are viewed as a pest, also they successfully 

find out the promising regions of a certain search space. 

Grasshoppers will face rapid, large-scale changes in the 

initial steps of optimization, which assist them to search 

globally. In spite of the fact that grasshoppers are 

individual in nature, they join one of the biggest swarm of 

all creatures. The unique aspect of the grasshopper is that 

swarming behavior is found in both nymph and adulthood. 

Millions of nymph grasshoppers jump and move like 

rolling cylinders to eat foods. After this behavior, they form 

a swarm in the air. This is the way by which grasshoppers 

migrate over large distances. The main characteristics for 

the swarm in the larval stage and adulthood are slow 

movement, small steps, long-run and abrupt movement of 

grasshoppers. In exploration, the search agents are urged to 

move abruptly, but during exploitation they tend to move 

locally. The movement of individual q in iteration k can be 

as follow as. 

   

   

   

*1,

( ) 2

,

Q
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m
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md qd m q

C UB LB S y y

y C y

y y dist y y




 
   

 
  

 
  
 


      (12) 

    where  

          d=1,2…,D and parameter C is decreased. 

 

    max max minC C k C C k                                        (13) 

 

First incidence of C in (12) reduces the action of 

grasshoppers around the goal complementary flanked by 

exploration and exploitation of the swarm, which is similar 

to the inertia weight in the PSO algorithm. First element as 

renowned in [22],linearly reduces the attraction, comfort 

and repulsion zone between the grasshoppers. Also this 

element reduces space between two grasshoppers.  

 The flowchart for the implementation of GOA for GERP 

problem is presented in Fig.1. 

3.2 GOA execution for GERP 

The step-by-step procedure of implementing GOA for 

GERP problem is summarized as follows. 

Step1:  Read the test system data and load demand for 6-   

            year study. 

Step 2: Initialize swarm and GOA parameters such as Cmin,    

            Cmax and maximum number of iterations  

            (Max_iter). 

Step 3: Randomly generate initial population according to    

            the swarm and number of decision variables. 

Step 4: Perform load forecasting and GERP as follows. 

       4.1 Forecast the load for 24-year by regression     

              analysis using load demand for 6-year study. 

        4.2 Compute the objective function for each search     

              agents using (1) to constraints (7) - (11). 

Step 5:   Treat the best search agent as T. 

Step 6:   Iteration=iteration+1. 

Step 7:   Update the C for current iteration using (13). 

Step 8:   Repeat the following steps for all search agent.  

Step 9:   Normalize the distance between grasshoppers. 

Step 10: Update the position of the current search agent by   

              (12). 

Step 11: Bring the current search agent back if it goes   

              outside the boundaries. 

Step 12: Update T if there is a better solution. 

Step 13: Repeat the procedure from step 6 until the  

              maximum number of iteration is reached.  
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Fig. 1 Flow chart for GERP using GOA 

IV. RESULTS AND DISCUSSION 

4.1 Description of test systems  

The GOA is developed in MATLAB 7.9 platform and is 

executed on personal computer configured with Intel core 

i3 processor 2.20 GHz and 2 GB random access memory. 

The load demand for 6-year planning horizon and 

additional data are taken from [17].  The test system uses 

different types of units (based on type of fuel used: oil, 

LNG, coal, PWR, and PHWR) as candidate sets.  

4.2 Case studies  

The test system with fifteen existing power plants and five 

types of candidate options is considered for scenarios 1 and 

2. The planning horizon is divided into 3 stages for case 

(1a, 2a), 7 stages for case (1b, 2b), and 12 stages for case 

(1c, 2c). The forecasted peak demand is assumed to be 

5000 MW in stage zero [17]. Then, to assess the 

applicability of the proposed tool, the following case 

studies are performed. 

Scenario 1  

     Case- 1a 6-year planning horizon excluding unit    

      retirement 

     Case- 1b 14-year planning horizon excluding unit   

      retirement 

     Case- 1c 24-year planning horizon excluding unit  

      retirement 

Scenario 2 

     Case-2a 6-year planning horizon including unit  

                   retirement 

     Case-2b 14-year planning horizon including unit  

                   retirement 

     Case-2c 24-year planning horizon including unit  

                   retirement 

4.3 Parameters for GERP  

The lower and upper bounds for reserve margin are set at 

20% and 40% respectively. The salvage factor (δ) is 

assumed to be 0.1, 0.1, 0.15, 0.2 and 0.2 for oil, LNG, coal, 

PWR and PHWR respectively. EENS cost is set at 0.05 

$/KWh. The discounted rate is 8.5%. It is assumed that the 

first possible availability date of new generation is two 

years beyond the current date. Parameter for the GOA is 

taken from [22].  Using the past 4 years data [17] we can 

calculate 24-year peak demand using Regression Analysis 

(RA) by GOA. Forecasted peak demand for 24-year study 

period using RA is shown in Table 2. The comparison 

between load forecasting for 24-year and load forecasting 

using regression analysis is shown in Fig.2. 

 

 
Fig. 2 Forecasted peak demand for 24-years study period 

 

4.3.1 Scenario 1  

In this scenario, retirement of existing units is not allowed. 

Using the parameters of GOA and GERP, expansion 

planning of generating units is formed. Table 3 (case-1a) 

shows the comparison between GOA and NSGA-II [17] for 

6-year planning horizon. 
 

Table:2 Forecasted peak demand 

q=q+1 

iter=iter+1 

Start 

Read system data, load demand 

 

Initialize swarm, Cmin, Cmax and Max_iter 

Generate initial population and decision variable 

Calculate the objective function using (1) & subject to constraints  

Treat the best search agent as T 

Set iter=1 

Update the variable C using (13) 

Grassh.count=q 

Normalize the distance between grasshoppers 

Update position of the current search agent (12)  

Update T and compute the objective function for updated 

T 

If  iter > 

Max_iter? 

Stop 

YES 

NO 

If  boundaries   

reached? 

NO 

Print LF & generation expansion and retirement planning 

YES 
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for 24-years study period 

Stage Year Peak 

(MW) 

[12] 

Peak (MW) 

(Regression 

analysis) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1996 

1998 

2000 

2002 

2004 

2006 

2008 

2010 

2012 

2014 

2016 

2018 

2020 

 5000 

7000 

9000 

10000 

12000 

13000 

14000 

15000 

17000 

18000 

20000 

22000 

24000 

5000 

7000 

9000 

10000 

12000 

12892 

13788 

14683 

16703 

17593 

19620 

21638 

23658 

 

For three stages capacity added using GOA and NSGA-II 

are 2050 MW, 2300 MW, 1150 MW and 4350 MW, 2400 

MW, 1150 MW respectively. Table 3 (cases-1b and 1c) 

shows the comparison between GOA and IGA3 [12] for 14-

year and 24-year planning horizon respectively. In case-1b, 

capacity addition for 7-stages  using GOA are 2250 MW, 

1900 MW, 900 MW, 2150 MW, 1000 MW, 200MW, 1000 

MW, while for IGA3 the values of capacity addition are 

3950 MW, 2400 MW, 1200MW, 2000MW,1100 MW, 

1200MW, 1400 MW respectively. Similarly, from the Table 

3 (case-1c) added capacity for 12-stages using GOA are 

2150 MW, 1900 MW, 950 MW, 2200 MW, 700 MW, 1100 

MW, 1650 MW, 700 MW, 900 MW, 3200MW, 1550 MW, 

2100 MW, while for IGA3 the values of capacity addition 

are 3200 MW, 3750 MW, 0 MW, 2900 MW,  3150 MW, 0 

MW, 0 MW, 3950 MW, 1950 MW, 3250 MW, 1900 MW, 

1650 MW respectively. From the Table 3 (cases -1a, 1b and 

1c), number of newly added units using NSGA-II and 

IGA3 is higher than GOA. From Fig.3, it is clear that 

capacity addition using GOA is lesser than NSGA-II and 

GOA. 

4.4.2 Scenario 2  

The existing generating units in pre-expansion state consist 

of fifteen generating units. In case-2a, it is assumed that 

oil#1 (200 MW), oil#2 (200 MW) units (Table 4) are 

retired in 6-year planning horizon. So, the existing unit 

capacity is reduced from 5000 MW to 4600 MW. To 

compensate the retirement of the generating units, extra 

units in the post expansion condition can be added. 

Therefore, LNG C/C (450 MW) is added for 6-year 

planning horizon using GOA and is shown in Table 5 

(case-2a). The retired units are removed from the power 

system and a new optimization problem is solved to 

compensate for the generating units retirement. In scenarios 

1 and 2, electrical demand is considered as the only source 

of uncertainty By comparing Tables 3 (case-1a) and 5 

(case-2a), one LNG C/C (450 MW) unit is added in stage-

1. Because of the above mentioned units retirement, 

capacity in stage-1 is increased from 2050 MW to 2500 

MW. Capacity addition for 6-year planning horizon 

including unit retirement is shown in Fig.4a. 

 

 
                                                     (a) 

 
                                                           (b) 

 
                                                            (c) 

Fig. 3 Capacity addition for case 1 (a) 6- year planning horizon 

excluding unit retirement (b) 14- year planning horizon excluding unit 

retirement (c) 24- year planning horizon excluding unit retirement 

 

In case- 2b, LNG G/T#1 (3*50 MW), LNG C/C#1 (400 

MW) and LNG C/C#2 (400 MW), units (Table 4) are 

retired, so the existing unit capacity is reduced from 5000 

MW to 4050 MW. To compensate the retirement of the 

generating units, one Nuc.(PWR)(1000 MW) is added and is 

indicated in Table 5 (case-2b) . Number of newly added 

unit for 14-year planning horizon including unit retirement 

using GOA is shown in Table 5 (case-2b). From the 

comparison between Tables 3 (case-1b) and 5 (case-2b), 

one Nuc.(PWR) (1000 MW) unit is added in stage-1. 
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Table: 3 Newly added generating units for expansion planning 

 

Because of retirement, capacity in stage-1 is increased from 

2250 MW to (2250MW + 1000MW) 3250 MW. Capacity 

addition for 14-year planning horizon including unit 

retirement is shown in Fig.4b. In case-2c, it is assumed that 

coal#1 (2*250 MW), coal#2 (500 MW) and coal#3 (500 

MW), units (Table 4) are retired in 24-year planning 

horizon. So, the existing unit capacity is reduced from 5000 

MW to 3500 MW. To compensate the retirement of the 

generating units, one coal (500 MW) and one 

Nuc.(PWR)(1000 MW) are added  in the post expansion 

condition and is shown in Table 5 (case-2c), this clearly 
 

 

Table: 4 Data of existing units 

 
       Table:5 Optimal expansion and retirement planning  using GOA 

 

indicate the number of newly added unit for 24-year 

planning horizon including unit retirement using GOA. 

From the comparison between Tables 3 (case-1c) and 6 

(case-2c) one coal (500 MW) unit and one Nuc.(PWR) 

(1000 MW) unit is added in stage-1. Because of retirement, 

capacity in the stage-1 is increased from 2150 MW to 

(2150MW +500MW+ 1000MW) 3650 MW. Capacity 

addition for case 2(c) is shown in Fig.4c 

4.3.3 Some observation  

Comparison between GOA and NSGA-II is shown in Fig.5. 

Results for NSGA-II [17] and GOA in terms of investment 

cost, outage cost, and total costs are given in Table 6. The 

outage cost and total cost using GOA is 2.14940e6 and 

1.28254e+010 respectively. From the comparison between 

NSGA-II [17] and GOA it is clear that outage cost is 

decreased and a viable solution is reached. 

 

Stag

e 

Propose

d / 

Existing 

No. of units selected 

Oil 

(200MW

) 

LNG 

C/C 

(450 

MW) 

Coal 

(500 

MW) 

Nuc.(PWR) 

(1000 MW) 

Nuc.(PH

WR) 

(700 

MW) 

 Case -1a 

1 

GOA 2 1 1 0 1 

NSGA-II 

[17] 
4 1 2 0 3 

2 
GOA 1 2 1 0 1 

NSGA-II 5 2 1 0 0 

3 
GOA 1 1 1 0 0 

NSGA-II 1 2 0 0 0 

 Case -1b 

1 

GOA 3 1 1 0 1 

IGA3 

[12] 
5 1 3 1 0 

2 
GOA 0 2 2 0 0 

IGA3 1 0 3 0 1 

3 
GOA 1 0 0 0 1 

IGA3 1 0 0 1 0 

4 
GOA 0 1 0 1 1 

IGA3 3 2 1 0 0 

5 
GOA 0 0 0 1 0 

IGA3 2 0 0 0 1 

6 
GOA 1 0 0 0 0 

IGA3 1 0 2 0 0 

7 
GOA 0 0 0 1 0 

IGA3 0 0 0 0 2 

 Case -1c 

1 

GOA 1 1 1 1 0 

IGA3 

(12) 
3 2 2 0 2 

2 
GOA 1 0 0 1 1 

IGA3 2 1 3 0 2 

3 
GOA 0 1 1 0 0 

IGA3 0 0 0 0 0 

4 
GOA 0 0 1 1 1 

IGA3 3 4 1 0 0 

5 
GOA 0 0 0 0 1 

IGA3 2 3 0 0 2 

6 
GOA 1 2 0 0 0 

IGA3 0 0 0 0 0 

7 
GOA 2 1 0 1 0 

IGA3 0 0 0 0 0 

8 
GOA 1 0 2 0 0 

IGA3 4 1 2 1 1 

9 
GOA 1 0 0 0 1 

IGA3 3 3 0 0 0 

10 
GOA 0 0 3 1 1 

IGA3 2 1 2 0 2 

11 
GOA 1 3 0 0 0 

IGA3 0 2 0 2 0 

12 
GOA 1 0 1 0 2 

IGA3 1 1 2 0 0 

Name 

(fuel type) 

No .of units Unit capacity 

(MW) 

Oil#1 (Heavy oil) 1 200 

Oil#2 (Heavy oil) 1 200 

Oil#3 (Heavy oil) 1 150 

LNG G/T#1 (LNG) 3 50 

LNG C/C#1 (LNG) 1 400 

LNG C/C#2 (LNG) 1 400 

LNG C/C#3 (LNG) 1 450 

Coal#1(Anthracite) 2 250 

Coal#2(Bituminous) 1 500 

Coal#3(Bituminous) 1 500 

Nuclear#1 (PWR) 1 1000 

Nuclear#2 (PWR) 1 1000 

Stage 

No. of units selected 

Oil 

(200MW

) 

LNG 

C/C(450 

MW) 

Coal(500 

MW) 

Nuc.(PWR) 

(1000 MW) 

Nuc  

PHWR 

(700 

MW) 

 Case- 2a 

1 2 2 1 0 1 

2 1 2 1 0 1 

3 1 1 1 0 0 

 Case -2b 

1 3 1 1 1 1 

2 0 2 2 0 0 

3 1 0 0 0 1 

4 0 1 0 1 1 

5 0 0 0 1 0 

6 1 0 0 0 0 

7 0 0 0 1 0 

 Case- 2c 

1 1 1 2 2 0 

2 1 0 0 1 1 

3 0 1 1 0 0 

4 0 0 1 1 1 

5 0 0 0 0 1 

6 1 2 0 0 0 

7 2 1 0 1 0 

8 1 0 2 0 0 

9 1 0 0 0 1 

10 0 0 3 1 1 

11 1 3 0 0 0 

12 1 0 1 0 2 
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                                                     (a) 

 
                                                   (b) 

 
                                                   (c) 

Fig.4 Capacity addition for case 2 (a) 6- year planning horizon 

including unit retirement using GOA (b) 14- year planning horizon 

including unit retirement using GOA (c) 24- year planning horizon 

including unit retirement using GOA. 

 
             
           Fig.5 Comparison between GOA & NSGA-II 

Table 6: Best solution obtained for investment andoutage cost 

optimized individually 

Cost($) Objective 

Min. outage 

cost 

(NSGA-II) [17] 

Min. outage cost 

( GOA) 

Investment cost 1.26242e10 1.28233e10 

Outage cost 3.23075e6 2.14940e6 

Total cost 1.26275e+010 1.28254e+010 

Computation 

Time (s) 

800 680 

 

V. CONCLUSION 

5.1 Outcome  

This paper addresses the development of a GOA for 

solving the long-term load forecasting intended for 

generation expansion and retirement planning problem. The 

future demand for 14-year and 24-year is established by 

load forecasting via regression analysis method. This 

demand is integrated in generation expansion and 

retirement planning, in which the proposed model includes 

the retirement choice of old generating units in the GEP 

analysis. This assessment might be beneficial because old 

units are being operated at increased costs as well as 

decreased practical capacities. Numerical results prove that 

the retirement selection becomes more significant, when 

GERP model is formulated with positive salvage values. 

The results demonstrated using GOA has found to be cost-

effective within a reasonable computation time and yields 

better solution when compared to NSGA-II, hence GOA is 

an efficient heuristic method for solving the GERP 

problems. 

5.2 Policy implications  

The analysis presented in this article is of enormous use for 

practical implementation and development of effective 

expansion planning strategies.  

 The proposed model is necessary to maintain 

upper construction limit and proper level of 

reserve margin between supply capacity and 

demand in order to meet the system reliability. 

 The analysis is useful for real time application of 

power industries to decide whether the generating 

units can be added / retired for future expansion 

planning in order to meet the demand 
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