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Abstract- The usage of battery energy storage system (BESS) can be a significant technology to improve the performance of 

power systems. Optimal sizing of BESS can reduce power losses, improve voltage profile and relieve peak demand in power 

systems. This paper aims to establish a simulation-based optimization in DIgSILENT Programming Language (DPL) script in 

DIgSILENT PowerFactory environment, which is more efficient for data exchange between operations. Problem for 

optimization of BESS sizing and placement are formulated in DPL script with analytic algorithm and particle swarm 

optimization (PSO) with loadflow simulation. The IEEE 9-bus system is the test case used to demonstrate and discuss the 

application of algorithms in DPL script. The placement of BESS is identified to be optimal with lowest power losses of 4.962 

MW at bus 5 and the optimal BESS size of 47.168 MW with operation cost of 4852.65 $/h are determined. The output of the 

study concludes that optimal sizing of BESS can be applied in solving power system problems effectively with DPL 

operations. This paper serves as a reference for researchers to study and implement optimization approach in DIgSILENT DPL 

script.  
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Nomenclature 

AI Artificial Intelligent  

BESS Battery Energy Storage System 

CE Cross-Entropy 

ComDPL DPL Command Object 

DICOPT Discrete and Continuous Optimizer 

DPL DIgSILENT Programming Language 

GA Genetic Algorithm 

PSO Particle Swarm Optimization 

 

 

1. Introduction 

In the recent years, optimization techniques have been 

implemented into power system analysis, operations and 

controls worldwide. The main contributions of optimization 

implemented are involved in terms of improved operational 

reliability, techno economic analysis, system stability and 

security [1]. Power systems are growing larger and more 

complicated due to the rising of load demand and integration 

of renewable energy sources [2][3]. Hence optimization has 

become important to ensure the development of the power 

systems in this era. Various optimization problems have been 

concerned and solved in power system operations such as 

optimal power flow, economic dispatch and so on [4][5]. 

Optimization approaches including conventional and 

artificial intelligent (AI) techniques have been applied to 

solve problems in power systems [6][7]. The main 

advantages of AI techniques are the ability to deal with 
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complex problems. These include mathematical optimization 

strategies and nature inspired methods [8][9]. 

Battery energy storage system (BESS) can be applied in 

different aspects of the power systems. It is currently applied 

as one of the key factors for sustainable energy in country 

such as United States (US), Japan, China and so on [10]. It is 

also proven by recent studies that BESS can be used for 

ancillary service [11], energy arbitrage [12], improve 

reliability [13][14] and power quality [15] as well as 

renewable energy integration [16][17]. Hence it is attracting 

more attention of the researchers to determine the optimal 

sizing of BESS integrated with power systems. Authors in 

[18] proposed BESS sizing method in a smart household by 

taking into account the electricity price mechanisms which 

combines the cataclysmic genetic algorithm and discrete and 

continuous optimizer (DICOPT) solver. A strategy is 

proposed in [19] to optimize BESS size and placement using 

genetic algorithm (GA) with linear programming method 

through linking DIgSILENT with MATLAB. It is time 

consuming for data exchange between two applications. An 

optimization approach for BESS placement to enhance 

oscillation damping in power system is proposed in [20]. The 

proposed method is applied by connecting MATLAB with 

DIgSILENT where PSO runs in MATLAB environment 

while constraints checking is performed in DIgSILENT 

simulation. Communication between two applications may 

consume time to exchange time-varying data between the 

operations [21]. Authors in [22] proposed an optimal 

placement of storage with Cross-Entropy (CE) optimization. 

The method is applied in MATLAB and DIgSILENT where 

the optimization is solved in MATLAB while potential 

fitness value of each iteration is delivered to DIgSILENT for 

simulation. The voltage waveforms from simulation will then 

be returned to MATLAB for next function operation. 

However, these papers did not consider implementing the 

optimization in DPL script in DIgSILENT environment. 

According to [23][21], it will be time consuming to run the 

operations which requires data exchange between two 

software such as MATLAB and DIgSILENT. This process 

has inherent delays that result in slower software interface. 

The complex operation of data transfer between two software 

will burden the memory arrays of both software and lead to 

slow responding of certain complex operations. Larger 

memory arrays are needed for both software to perform 

complex operation such as optimization where more data 

information and transfer are required between the software 

for every iteration runs. The delay can be reduced by 

implementing the optimization operation in DPL script 

where the data transfer for operations are within DIgSILENT 

software. Besides, there are less studies on DPL script 

programming for optimization available online as well.  

In comparison to previous works, the contribution of this 

paper is to establish a simulation-based optimization in DPL 

script in DIgSILENT environment, which is less time 

consuming for data exchange between operations. This paper 

serves as a reference source for researchers to study and 

implement optimization coding in DPL script. BESS optimal 

sizing and placement with particle swarm optimization 

(PSO) and analytic algorithm in DPL script are presented in 

Pseudo code. The algorithms are tested in IEEE 9-bus system 

in DIgSILENT environment. 

2. Methodology 

The sizing methodology is developed in DIgSILENT 

PowerFactory where it is a strong technical engineering 

software for the analysis of power system. DIgSILENT 

Programming Language (DPL) in the program is used to 

develop automated programmes that link with power system 

components in DIgSILENT PowerFactory. This language’s 

structure is comparable to that of the C++ programming 

language [24]. The principle structure of a DPL script is 

presented in Figure 1. The DPL command object, ComDpl is 

the core element that links all of the different objects, 

variables and parameters modelled or defined to different 

functions or internal elements and then provides results 

parameters. As a result, the DPL script will perform a 

sequence of operations or functions within the script. Based 

on the operation conducted, it interfaces with the database to 

access and record any modified parameters or results directly 

into the objects database. Unlike other studies that developed 

interconnection link between DIgSILENT PowerFactory and 

optimization algorithm scripting in other programming 

software such as MATLAB which may have high 

computation time to transmit and receive data information 

between two software. In this study, BESS optimal sizing 

method is developed by DPL script in DIgSILENT. 

 

Fig. 1. Structure of DPL script. 

2.1. Objective Function 

The aim of this study is to reduce power losses in 

distribution system. An objective optimization is then 

formulated by minimizing power losses. The objective of 

optimal BESS sizing is mathematically stated as 

 ( )lossObjective Function Minimize Power=
           (1) 

,

1

( )
N

loss loss i

i

Minimize Power Power
=

=             (2) 

where Powerloss is the power loss in MW at line i, N is total 

line number of the system. The losses for each hour are 

calculated by using the backward and forward sweep in 

DIgSILENT powerfactory. The equation can be written as 

min  ( )f x Ploss=                (3) 

1

( )
N

BESS

i i

i

Ploss Ploss Ploss P
=

  = −              (4) 

where Ploss is the total active power loss in MW. BESS

iP is 

the active power of BESS in MW. Constraints on the system 

are given to determine the necessary capabilities of the 
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system. The constraints of the objective function are 

presented as 

( ) ( )0 Loss BESS Loss oldP P                (5) 

where PLoss(old) is the initial power loss of the system, 

PLoss(BESS) is the new power loss with the integration of BESS 

in the system. 

min max       1, 2,...,i i iV V V i N  =              (6) 

where Vi is the voltage at bus i, min

iV and max

iV  are 0.9 and 1.1 

p.u. respectively. 

0 BESS genrefP P                 (7) 

where PBESS is the battery power in MW, Pgenref is the power 

of reference generator of the system in MW. 

2.2. PSO for Optimum Sizing of BESS 

PSO is a strategy to find optimal values in complex 

search spaces that is inspired based on social interactions 

exhibited by animals. It begins with random particles to 

investigate optimal values by updating generations. The 

particles move around in the search space according to the 

position and velocity of the particles. At each iteration, each 

particle remembers its own best position found in the search 

space and is updated by as personal best solution, Pbest. Gbest 

is the best global solution found by any particle in all 

previous iterations [25]. Position and velocity of each 

particle are updated by equation (8) and (9) 

1

1 1 2 2( ) ( )i i i i i i

j j best j best jv v c r P x c r G x+ = + − + −            (8) 

1 1i i i

j j jx v x+ += +               (9) 

There are more PSO information can be found in 

[26][27]. 

The number of iteration (Ni) in this study is 50 followed 

by the number of particle (Np) of 30. The inertia weight ꞷ is 

0.4. Learning factors, c1 and c2 are 0.5 and 0.6 respectively. 

The process of the BESS sizing is followed as: 

1. Declare the constraints of the objective function and 

initialize the parameters (Ni, Np, ꞷ, c1, c2) and 

iteration i = 1 with random position (xi) and velocity 

(vi). 

2. Initialize particle j = 1 in the swarm. 

3. Run the objective function for particle jth of iteration 

ith. 

4. Explore and determine Pbest and Gbest for particle jth 

of iteration ith. If the fitness function value of jth is 

less than or equal to the personal best value, the 

program stores Pbest = f(xj). 

5. Particle jth is increased by 1. Then condition is 

checked: If particle jth + 1 less than or equal to Np, 

go back to Step 3. 

6. Adjust Gbest of ith = Pbest at ith. 

7. Iteration ith is increased by 1. Then condition is 

checked: If iteration ith + 1 less than or equal to Ni, 

update the new position (xi+1) and new velocity 

(vi+1) for iteration ith +1 by going back to Step 2. 

8. If iteration ith + 1 more than or equal to Ni, the 

process is completed and the optimal size of BESS 

is obtained. 

The steps of BESS sizing in DIgSILENT DPL script 

based on PSO have been illustrated in Figure 2. The Pseudo 

code of PSO is shown in Algorithm 1. 

2.3. Analytic Algorithm for Optimum Sizing of BESS 

Analytic algorithm is a simple and easy method for 

sizing calculations. The process of the BESS sizing is 

followed as: 

1. Initialize the system parameters (Generators, loads, 

buses, lines). 

2. Read the input data of the system in DIgSILENT 

PowerFactory program and obtain the values of the 

elements modelled. 

3. Run loadflow simulation, read and store initial 

power losses of the system. 

4. Set initial BESS power = reference generator of the 

system. 

5. Run loadflow simulation, read and store the new 

power losses of the system.  

6. Check the condition if the Plossnew > Plossold, the 

program will decrease Pbess by 0.5 and go back to 

step 5. The step will end if the condition is not 

satisfied. 

7. End of process. 

The steps of BESS sizing in DIgSILENT DPL script 

based on analytic algorithm are shown in Figure 3. The 

Pseudo code of analytic algorithm is shown in Algorithm 2. 

 

Fig. 3. The flowchart of analytic algorithm for optimum 

sizing of BESS in DIgSILENT. 
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Algorithm 1: Particle swarm optimization (PSO) 

01: Begin, initialize the parameters Ni, Np, ,
1c ,

2c  

02: Initialize DPL object and set of the system Gen, Load, Bus, Line, BESS, Ldf 

03: Execute loadflow in DIgSILENT PowerFactory to calculate initial power losses 

04: Set Pbess and evaluate fitness of particles, f(x) 

05: Set initial Pbest and Gbest 

06: for i = 1 to maximum number of iterations, Ni 

07:        for j = 1 to maximum number of particles, Np  

08:              Update the velocity of the particles 1i

jv +  using equation (8) 

09:              Update the position of the particles 1i

jx +  using equation (9)  

10:              Evaluate the fitness of the updated position 1i

jx +              

11:              Execute loadflow in DIgSILENT PowerFactory 

12:                   if 1( )i

jf x +  satisfies constraints then, 

13:                       Save Pbess and 1( )i

jf x +   

14:                   else 1( )i

jf x +  = penalty 

15:                  end if 

16:              Update the personal best by: 

17:              if 1

,( ) ( )i i

j best j Npf x f P x+    
 then, 

18:                  1

,

i i

best j Np jP x +=  

19:              end if 

20:              Update the global best by: 

21:              if 
,( ) ( )i

best j Np bestf P f G  then, 

22:                  
,

i

best j NpGbest P=  

23:              end if 

24:        end j 

25: Check stopping criteria, if i < Ni go to step6, else go to next step. 

26: end i 

 

Algorithm 2: Analytic algorithm 

01: Begin, initialize DPL object and set of the system Gen, Load, Bus, Line, BESS, Ldf 

02: Execute loadflow in DIgSILENT PowerFactory to calculate initial power losses 

03: Set initial power losses = Plossold 

04: Set initial 1Pbess Pgen=  

05: Execute loadflow in DIgSILENT PowerFactory 

06: Set i = Plossnew 

07: while i > Plossold  

08:          0.5Pbess Pbess= −  

09:             Execute loadflow 

10:          Update i 

11:          Checking stopping criteria, if i > Plossold go to step8, else stop. 

12: end while 
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Fig. 2. The flowchart of PSO for optimum sizing of BESS in DIgSILENT.

2.4. Operation Cost of Generators After Installing BESS 

Analytic algorithm is a simple and easy method for 

sizing calculations. The cost function of each generator unite 

is related to the actual power output injected into the system 

and is usually modeled with a smooth quadratic function. 

The total generating fuel cost for the system can be 

calculated by 

  cos ( )
M

k k

k

Total fuel t F P=           (10) 

2

1 1

( )
M M

k k k k k k k

k k

F P a P b P c
= =

 = + +             (11) 

where Fk(Pk) is the fuel cost of kth generating unit in $/h; M is 

the total number of generating units in the system; Pk is the 

power generated by the kth generating unit in MW which 

calculated from the analytic algorithm or PSO algorithm after 

installing the BESS in the system; and ak, bk, ck, are the fuel 

cost correlation coefficients of kth generator [28]. In the 

operation cost calculation, the BESS cost is assumed to be 

zero. The operation cost is calculated after installing BESS in 

each bus. The power output Pk of each generator is taken 

from the load flow simulation results of DIgSILENT after 

the BESS installed in each bus of the system. 

3. Results and Discussions 

The DPL scripts are applied and tested for the 

effectiveness of BESS sizing using an IEEE 9-bus system. 

The IEEE 9-bus system is modelled in DIgSILENT 

PowerFactory as shown in Figure 4. The system consists of 3 

load buses, 3 generator buses with 6 branches. The tests were 

carried out by solving the BESS sizing using both PSO and 

analytic algorithm scripts in DPL scripts. The total 

generators, loads and initial power losses for the IEEE 9-bus 

system are shown in Table 1 [29]. 
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Table 1. IEEE 9-bus system parameters used in the study. 

Variable Value 

G1 (reference generator), G2, G3 71.6 MW, 163 MW, 85 MW 

Load 1, Load 2, Load 3  125 MW, 90 MW, 100 MW 

Initial power losses 5.190 MW 

Power max G1, G2, G3 250 MW, 300 MW, 270 MW 

Power min G1, G2, G3 10 MW, 10 MW, 10 MW 

Coefficient a G1, G2, G3 0.11 $/(MWh)2, 0.085 $/(MWh)2, 0.1225 $/(MWh)2  

Coefficient b G1, G2, G3 5 $/MWh, 1.2 $/MWh, 1 $/MWh 

Coefficient c G1, G2, G3 150 $/h, 600 $/h, 335 $/h 

 

Table 2. Comparison between analytic algorithm and PSO BESS Sizing. 

BESS 

at Bus 

Analytic Algorithm PSO 

BESS 

Size 

(MW) 

G1 after 

BESS 

installation 

(MW) 

Losses after 

BESS 

installation 

(MW) 

Operation 

Cost $/h 

BESS 

Size 

(MW) 

G1 after 

BESS 

installation 

(MW) 

Losses 

after 

BESS 

installatio

n (MW) 

Operation 

Cost $/h 

4 71.6 0.005 5.188 4509.03 71.6 0 5.185 4509.03 

5 71.6 0.000 5.007 4509.47 47.168 24.275 4.962 4697.16 

6 71.6 0.000 5.139 4533.96 36.106 35.494 4.986 4852.65 

7 0 71.6 5.190 5434.66 0 71.6 5.190 5434.66 

8 0 71.6 5.190 5434.66 0 71.6 5.190 5434.66 

9 0 71.6 5.190 5434.66 0 71.6 5.190 5434.66 

By simulating the IEEE 9-bus system using BESS, the 

algorithms are used to determine the location of BESS 

placement. This was repeated for all the buses and the 

simulation results by both PSO and analytic algorithm were 

compared as shown in Table 2. The optimum sizing of BESS 

is designed based on reduction of power losses of the system 

in DPL scripts. It can be observed that in analytic method, 

the system has lowest power losses of 5.007 MW with BESS 

of size 71.6 MW at bus 5, which has the highest load of 125 

MW. In PSO, the system has lowest power losses of 4.962 

MW with BESS size of 47.168 MW in bus 5 as well. The 

power losses before the implementation of algorithms were 

5.190 MW and reduced to 5.007 MW and 4.962 MW 

respectively after the algorithms were used by BESS 

placement at bus 5. Hence the optimal placement of BESS is 

at bus 5 with lowest power losses achieved.  

In analytic algorithm, the BESS size determined are 

similar to reference generator due to the condition set in the 

script where PBESS is in between 0 and Pgrenref. As mentioned 

in methodology where analytic algorithm is a simple 

calculation method, the BESS size will be obtained nearest to 

active power of reference generator in order to quit the 

condition checking loop. PSO determines the fitness value by 

obeying to the constraints declared. Each particle will 

explore and find best solution which results to obtaining 

minimal power losses and active power reduction of 

reference generator with optimal BESS size. Figure 5 

presents the convergence rate of the PSO BESS sizing. The 

algorithm is converged to final fitness value (power losses) 

approximately after 6 iterations. It is shown that attainment is 

obtained with Gbest after 6th iterations. As compared to 

analytic algorithm, PSO can improve fast to minimize the 

power losses of the system and achieve optimal BESS size.  

 

Fig. 4. IEEE 9-bus system single line diagram. 
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Fig. 5. Convergence rate of the PSO BESS sizing at bus 5.

Table 3. Buses voltage in p.u without BESS and with BESS installed each bus. 

Bus 

Number 

Without 

BESS (p. u.) 

Voltage with 

BESS at Bus 

4 (p. u.) 

Voltage with 

BESS at Bus 

5 (p. u.) 

Voltage with 

BESS at Bus 

6 (p. u.) 

Voltage with 

BESS at Bus 

7 (p. u.) 

Voltage with 

BESS at Bus 

8 (p. u.) 

Voltage with 

BESS at Bus 

9 (p. u.) 

1 1.040 1.040 1.040  1.040  1.04 1.04 1.04 

2 1.025 1.025 1.025  1.025  1.025 1.025 1.025 

3 1.025 1.025 1.025  1.025  1.025 1.025 1.025 

4 1.025 1.00 1.018  1.015  1.025 1.025 1.025 

5 1.012 0.993 1.00 0.991  1.0126 1.0126 1.0126 

6 1.032 1.027 1.029  1.00 1.032 1.032 1.032 

7 1.015 1.010 1.013  0.996  1.015 1.015 1.015 

8 1.025 1.020 1.023  1.015  1.025 1.025 1.025 

9 0.995 0.975 0.999  0.982  0.995 0.995 0.995 

The operation cost in both algorithms is affected by 

the G1 generator where it is the reference generator for the 

study while the remaining generators are acted as constant 

power supply. It can be seen that the operation cost is 

almost the same in both analytic algorithm and PSO except 

when the BESS is installed in bus 4 and bus 5. This is 

because G1 is still delivering some portion of power to the 

system when the BESS is installed in those buses. The 

operating cost when BESS is installed in bus 4 is 4509.47 

$/h for the analytic algorithm and 4697.16 $/h when PSO 

is applied. However, when the BESS is installed in bus 5 

the operating cost is 4533.96 $/h after applying the 

analytical method and 4852.65 $/h after the PSO method is 

used.  

The voltage in p.u of each bus in the system after 

installing the BESS is show in Table 3. The voltage of the 

buses 1, 2 and 3 remains unchanged since those buses are 

the generators buses. The other buses voltages are changed 

after the injection of the BESS to the system. It can be 

observed that when the BESS is installed in bus 5 the 

voltage of other buses in the system is considered better 

then when the BESS installed in other buses. 

 

 

4. Conclusion 

This paper presents BESS optimal sizing approaches 

in DIgSILENT PowerFactory DPL script with PSO and 

analytic algorithm. The optimization functions and various 

operations of the approach can be performed with the 

communication between DPL script and elements 

modelled in DIgSILENT PowerFactory. The simulations 

show that the optimal sizing of BESS with PSO gives 

better results than analytic algorithm. Besides, the PSO 

algorithm in DPL script can achieve and guarantee optimal 

size of BESS in DIgSILENT PowerFactory. It is evident 

that the PSO algorithm in DPL script provides faster and 

better results than the analytic algorithm. From the 

presented case study, the optimal placement of BESS is 

identified at bus 5 with the lowest power losses of 4.962 

MW optimal BESS size of 47.168 MW. The operation cost 

for both algorithms is calculated in the DPL script. The 

operation cost for analytic and PSO algorithms with 

optimal BESS installed at bus 5 are 4533.96 $/h and 

4852.65 $/h, respectively. Finally, this paper serves as a 

reference source for researchers to study and implement 

optimization coding in DPL script.  
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