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Abstract : Multi-purpose hardware in-the loop simulation 

(HILS) design and implementation for optimal operation of 

distributed energy resources (DERs) with energy management 

system (EMS) were performed, and the operational 

performance of DERs is analyzed. The DERs which includes a 

photovoltaic power system, an energy storage system, load and 

utility grid is modeled and analyzed in real time digital 

simulator (RTDS). An optimal operation algorithm is 

implemented in connection with EMS, which is connected to 

the RTDS through interface cards. The results demonstrated 

the effectiveness of the HILS and the EMS. The proposed 

multi-purpose HILS method can be effectively utilized to 

validate and test operational schemes of DERs with EMS 

under the practical environment without a real system. 
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1. Introduction 

The electricity requirement is increasing at alarming rate 

and the power demand has been running ahead of supply. It is 

also widely recognized that distributed energy resources (DERs) 

such as distributed generation and energy storage system (ESS), 

presently being used for generation of electrical energy, are 

considered as some of the most important options to provide 

more secure, clean and efficient energy [1-3]. The benefits of 

DERs are seen to be higher reliability of service, better quality 

of power supply and efficient use of energy by utilizing ESS [4]. 

In order to confirm the optimal operation of DERs and related 

systems in advance, a closed loop type of test-bed such as 

hardware in-the loop simulation (HILS) is required. The HILS 

enables real time testing of devices in a controlled environment 

before they are connected to actual system. In this study, a 

multi-purpose HILS is designed and implemented for optimal 

operation of DERs with EMS in connection with real time 

digital simulator (RTDS). The HILS not only can perform 

operation of DERs, but also apply EMS with optimal operation 

algorithm, as well as analyze various algorithms through the 

HILS to verify the reliability of an integrated DERs system.  

The DERs are composed of a photovoltaic (PV) power 

system, an ESS, load and utility grid which are modeled in 

RSCAD/RTDS for applying EMS using HILS, and the modeled 

DERs are simulated at real time by RTDS. The optimal control 

algorithm of the EMS is implemented using C# programing 

language in a computer. A communication between real time 

simulation and the optimal operation controller is also 

implemented through TCP/IP. The EMS includes a load 

forecasting and a peak shaving functions. The load forecasting is 

done by using the simple moving averages technique [6]. A peak 

load limit of the customer and charging and discharging 

schedules of the ESS are optimized on annual basis to minimize 

annual electric rates, which consists of peak load related base 

charge and energy charge [7-9]. 

The HILS results show the electric rates saving and 

optimal operation of DERs by the EMS. The performances of 

the DERs are also described when they are controlled by the 

EMS. Using the multi-purpose HILS, EMS functions can be 

effectively tested and validated under the practical environments 

without a real system. 

 

2. Distributed Energy Resources model 

Fig. 1 shows the configuration of an integrated DERs in 

distribution system which is installed at an elementary school in 

Korea. There is a large proportion of electricity demand during 

school hours and a maximum load of over 300 kW at day time 

and 50 kW at night time that is why it requires an optimal 

operation for saving electric rates. The DERs is a DC output 

type power source which consists of six PV arrays with a 100 

kW capacity and two ESSs with 100 kW and 228 kWh 

capacities. They are linked to the common DC bus connected to 

utility grid through a bidirectional DC/AC converter. The rated 

voltages for DC and AC buses are 1,000 V and 380 Vrms, 

respectively. A three phase bidirectional DC/AC main converter 

provides stable DC bus voltage and exchange power between 

the AC and DC buses. The PV array is connected to the DC bus 

using a DC/DC boost converter which uses maximum power 

point tracking control mode to extract the maximum solar power. 

The bidirectional DC/DC converter interfaces the battery stack 

to the DC bus. The ESS output power is charged or discharged 

by control of the EMS. The specification of each system is 

shown in Table 1.  

 

Fig. 1: Configuration of an integrated DERs in distribution 

system 
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Table 1: Specifications of each system 
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2.1 Modeling of DERs in distribution system  

In this paper, the distribution system is modeled in 

RSCAD/RTDS. Figure 2 represents the configuration of the 

distribution system in RSCAD/RTDS 

Fig. 2: Configuration of the modeled DERs in RSCAD/RTDS 

 

3. Design and Implementation of Hardware In the Loop 

Simulation for optimal operation of DERs with EMS 

3.1 HILS setup 

Fig. 3: Configuration of the HILS setup for optimal operation of 

DERs with EMS 

 

The configuration of HILS setup for optimal operation of 

DERs with EMS is shown in Fig. 3. The HILS system consists 

of hardware, software and interface parts. The hardware part 

includes an actual EMS with several functions. The DERs are 

modeled in RTDS. Two parts are connected by the interface card 

in a real time simulation environment. The EMS is able to 

optimize the system operation including allocation of energy 

produced by PV power system and ESS. EMS is interfaced to 

the RTDS using SCXI devices. For the HILS, giga-transceiver 

input/output card is needed for communication between RTDS 

and EMS. Through giga-transceiver analog input card, the EMS 

sends the load power signal to RTDS. The EMS receives a 

power reference signal of each component from a 

giga-transceiver analog output card in RTDS.  

 

3.2 Optimal operation of DERs  

a. Load forecasting  

The moving average method consists of computing an average 

of the most recent n data values for the series and uses this 

average for forecasting the value of the time series for the next 

period. Therefore, the load forecasting is calculated as (1) [10]. 

 





n
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n
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Where, i : time [hour]  

n : period 

k : number of days  

xi : load data 

 

b. Peak shaving limit 

The contracted electric power of an elementary school is 500 

kW. The peak shaving is limited to 30% of the contracted 

electric power by Korea Electric Power Corporation (KEPCO) 

[10]. Therefore, the maximum value of peak shaving power is 

150 kW. 

 

c. Electric rates calculation 

A total monthly electric rate is being applied by policy of 

KEPCO. The total electric rates are composed of base charge 

and energy charge. The unit price of base charge and energy 

charge vary depending on the power supply method by 

contracted type such as resident, general purposes, industries, 

education, and agriculture etc.. Therefore, the monthly electric 

rates are calculated as (2)-(4) [11]. 

 

1.137n]
24

1i i
C

i
(P[KRW] chargeEnergy 


 )[   (2) 

1.137load Peak  charge Demandcharge Base   (3) 

eBase)chargEnergy rate  electricmonthly  The  (  (4) 

where, i : time [hour] 

n : the number of days 

Pi : energy in i
th

 hour [kWh] 

Ci : energy charge in i
th

 hour [KRW/kWh] 

 

d. Control procedure with EMS 

The HILS operation procedure with EMS and the optimal 

operation plan of EMS procedure are shown in Fig. 4. The EMS 

calculated the optimal operation plan of the ESS that follows the 
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optimal operation of EMS plan procedure. The load is generated 

and transmitted from EMS to RTDS. Therefore, the simulation 

is operated.  

 

Fig. 4: HILS operation procedure with EMS (a) and optimal 

operation steps of EMS (b) 

 

4. Hardware In the Loop Simulation Results 

In the simulation, the load demand is controlled under 150 

kW. The EMS calculated the reference of the ESS output power. 

The analysis of peak load pattern from 2014 to 2016 is shown in 

Fig. 5. The peak load of surveyed load data in 2014, 2015 and 

2016 were 287.0 kW, 361.16 kW and 381.4 kW respectively. 

Figure 6 represents the simulation result that indicates the 

resulting power of optimal operation of the DERs. The peak 

load was detected by EMS. The DERs were controlled reflecting 

the peak shaving and electric rates reduction.   

 

Fig. 5: Analysis of peak load pattern from 2014 to 2016 

 

(a) 2014 

(b) 2015 

(C) 2016 

Fig. 6: Output power of DERs and load with Peak shaving in 

2014(a), 2015(b) and 2016(C)  

 

The comparison of the electric rates reflecting the ESS control 

has been performed using (2)-(4) as represented in Table 2. 

 

Table 2: Total electric rates from 2014 to 2016 

 2014 2015 2016 

Peak load (kW) 287.0 361.16 381.4 

After peak shaving 187.0 261.16 281.4 

Base 

charge 

(KRW/

KW) 

Without 

Peak-shaving 

1,706,64

8 

2,147,64

2 

2,267,99

9 

With 

Peak-shaving 

1,111,99

7 

1,552,99

1 

1,673,34

8 

Cost saving 

/ month 
594,651 594,651 594,651 

 

5. Conclusions 

In this paper, an HILS was designed and implemented for 

optimal operation of an integrated DERs with EMS. The DERs 

in distribution system were modeled in RSCAD/RTDS. The 

HILS for implementation of the optimal operation of DERs with 

EMS was setup at Changwon National University in Korea. The 

EMS calculated load forecasting using simple moving averages 

method for the optimal operation of DERs. Furthermore, The 

EMS regulates output power of the ESS for electric rates 

reduction. The operation characteristics including load 

forecasting and peak shaving were investigated. The base charge 

was saved about 594,651 KRW/month. The proposed HILS in 

this paper can be effectively utilized to test and develop variable 

control schemes under a practical environment without real 

DERs.  
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