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Abstract: Background/Objectives: Recently, the introduction of 

microgrid(MG) is being extended to the islands and pilot areas. In 

previous researches, we designed an efficient operation algorithm 

for stand-alone MG. The purpose of this paper is to verify the 

economical feasibility of the algorithm. Methods/Statistical 

analysis: In this paper, we used HOMER PRO and actual MG 

operational data. Two scenarios constructed based on applying or 

not the algorithm. In HOMER Pro, the same parameters entered 

and only the operating conditions of the diesel generator, BESS 

varied. This paper does not merely derive a generator combination 

for optimal operation of MG. The purpose of the analysis is to 

analyze the economic feasibility of the algorithm. Findings: The 

economic feasibility of applying the algorithm was analyzed under 

the condition that renewable energy generation capacity does not 

exceed the load. HOMER Pro presents optimal combination of 

MG according to input variables and condition setting. Therefore, 

HOMER PRO simulation was carried out according to whether 

the algorithm was applied or not, and the results for the same 

optimal combination were selected. And, the economics derived 

from the selected combinations were compared and analyzed. In 

the case of the scenario where the algorithm is applied, the diesel 

generator is operated at an optimal power ratio of 60~80%, and 

BESS is operated within the set SOC range (average 42.5%). As a 

result, when the algorithm is not applied, the COE is 1.87 ~ 12.09 

$ and the applied COE is as 1.71 ~ 2.61 $.  In other words, when 

the MG is operated by applying the algorithm, it can save about 

COE 0.16 ~ 9.48 $. Improvements/Applications: In the next 

research, we will apply the algorithm to area where the amount of 

renewable energy is abundant, and conduct the economic 

analysis. This will confirm the validity of the algorithm in various 

situations. 

 
Keywords: microgrid, MG, HOMER PRO, renewable energy, 

BESS, diesel generator, economic analysis  

I. INTRODUCTION 

Recently, the power paradigm is changing. With threats of 

frequent climatic changes, the global community at the 21st 

Conference of the Parties of the United Nations Framework 

Convention on Climate Change (UNFCCC) held in Paris 

reached a milestone to not only to combat the frequent 

climatic changes but also to strengthen the steps towards a 

sustainable development with low carbon footprint [1]. In this 

international trend, the importance of renewable energy is 

increasing, and microgrid(MG), which is mainly renewable 

energy, is being actively constructed.  
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Especially, in Korea, the implementation of the 'Energy 

Independent Island Project' has led to the creation of a number 

of islands as pilot sites for MG, and construction for industrial 

complexes is also increasing. 

In general, MG is used in two operational modes: 

grid-connected and stand-alone (off-grid or isolated). In both 

operational modes, micro grids have some effects on both 

consumers and main power system [2]. In this paper, we used 

the operation data of the specific island where the stand-alone 

MG was constructed. 

A detailed research flow chart shows in Figure 1. In 

previous researches, STEP 1 ~ 4 were conducted, and the 

results of the research were published through existing 

papers. In this paper, STEP 5 conducted based on the results. 

STEP 5 aims to verify the economic feasibility of the design 

algorithm. This algorithm is an efficient operation algorithm 

of stand-alone MG designed in STEP 2 and briefly mentioned 

in Chapter 2 of this paper. The program used to verify the 

economic feasibility is the HOMER PRO software, which is 

excellent for deriving the MG optimal combination and 

economic analysis. Using this, we simulated the situation 

depending on whether the algorithm is applied or not, and 

compared the results to verify the economical feasibility of 

the algorithm. 

 
Fig 1. Research flow chart 

 

II. DESIGN OF EFFICIENT OPERATION 

ALGORITHM 
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This algorithm designed in previous researches, and its 

efficiency verified through operation simulation in MATLAB 

and Excel. The below part is an explanation of the algorithm 

design method and the system structure and characteristics of 

the analysis area. 

2.1. Case study 

The analysis area is island, and has 124 kW average load, 

305 kW peak load. This area has operated by the existing 

three diesel generators (150 kW per unit). Currently, WT (100 

kW), PV (111 kW), ESS (500 kWh), inverter system 

(250kVA) and a new diesel generator (200 kW) are installed 

by KEPCO project [3]. And, the grid structure is a stand-alone 

MG that is not supplied with KEPCO power. This area has 

different monthly power demand due to fishery industry. 

Particularly, March is the place where the power demand is 

the highest in the evening due to the nighttime fishery activity, 

and this specific pattern is repeated. In addition, the installed 

renewable energy generation equipment in the area is solar 

power and wind power generation, but the power generation 

rate is very low at 21.76% on average compared with the total 

power generation. As a result of checking the actual operation 

data for one year, the generation amount of renewable energy 

did not exceed the load. Therefore, it is necessary to use 

BESS (Battery Energy Storage System) which can store and 

supply energy, and it is inevitable to actively drive the diesel 

generator for stable life and economic activity. 

2.2. Characteristic of Stand-alone MG 

In the previous researches, the optimal combination of the 

diesel generator and the BESS was designed to maintain the 

optimum efficiency. 

2.2.1. Diesel generator 

There are four diesel generators at the analysis area, three 

for continuous operation, and one for emergency power 

generation. For diesel generators for continuous operation, 

the fuel consumption according to the output power of the 

diesel generator is analyzed, and the diesel generator is 

operated only in the section where the lowest fuel is 

consumed. Therefore, analysis of the fuel consumption of the 

diesel generator shows that between 50% and 100% of the 

output, fuel consumption per output, which is closely related 

to power generation efficiency, appears almost similar. But 

falls sharply below 50% [4]. That is, generally, the diesel 

generator has a characteristic of lowering efficiency when 

driven at low output. Therefore, it is helpful to improve diesel 

generator efficiency by keeping the proper output ratio [4,5]. 

As a result of checking the fuel consumption data per 150 kW 

diesel generator output, the fuel consumption per 1 kW output 

was maintained at about 0.26 L/kWh at 60 to 80% of the 

output, and the fuel consumption was increased as the output 

ratio decreased. Reflecting this, Equation (1) was derived 

using curve fitting techniques to obtain continuous data of 

fuel consumption per output. 

  (1) 

r is the output ratio of the diesel generator to the rated value, 

and c is a function normalized by the curve fitting method, 

which is the continuous fuel consumption value according to 

the output ratio. The graph derived from this equation is 

shown in Figure 2, and the 150kW diesel generator consumes 

the lowest fuel at 60 ~ 80% of the output. 

 
Fig 2. Fuel consumption per output of 150kW              

diesel generator 

2.2.2. BESS 

There is a500kWh BESS in the analysis area. Renewable 

energy has a problem that power supply is unstable due to 

characteristics that depend on natural conditions. This is a 

factor that can make the reliability of grid lower, and it is 

common to build a BESS that can store renewable energy 

generation and supply it when needed [6]. In the case of 

analysis area, since the generation of renewable energy is 

small, the frequency of absorbing renewable energy 

generation by BESS is low, but it is being used to supply 

power to demanding places such as nighttime fishery. In this 

paper, the diesel generator can be operated in addition to the 

efficiency operating conditions, so that the power of the diesel 

generator can be charged and discharged to the BESS. Also, 

this charging/discharging method can be performed only 

when the efficiency of the BESS is achieved. 

The characteristics of DOD (Depth of discharge) and SOC 

(State of charge) of the Li-ion battery are considered as the 

BESS features that are reflected for the algorithm 

design.DOD represents the dischargeable amount of BESS 

total capacity, and SOC represents the amount that can be 

charged (=remaining amount). The two concepts are opposite. 

The setting of the DOD affects the life of the battery. The 

more fully discharged, that is, the closer the DOD is to 100%, 

the shorter the life of the battery [7, 8, 9, 10]. However, if the 

DOD is set too low, the charge / discharge frequency 

increases, and the lifetime may be decreased accordingly. 

Therefore, it is important to maintain proper DOD. In this 

paper, the relationship between DOD and SOC is reflected 

and the total amount of energy that can be acquired during life 

time according to SOC is calculated. The results are shown in 

Figure 3, and the largest energy can be obtained by 

maintaining the SOC within the range of 35 to 55%. 
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Fig 3. Total energy according to Li-ion battery SOC 

 

2.3. Efficient operation algorithm 

Figure 4 shows the efficient operation algorithm of 

stand-alone MG of the analysis area that was finally designed 

to reflect the characteristics of diesel generator and BESS. 

Renewable energy (WIND, PV) determined by natural 

environment and load (linear, nonlinear) determined by the 

usage environment were considered as an uncontrollable 

factor in algorithm design. Therefore, first, the load must be 

covered by renewable energy, and the diesel generator and 

BESS should be supplied with power for the remaining load. 

In figure 4, is the subtracts renewable energy 

generation from total load, is the diesel generator power, 

is the absorbed power of the BESS inverter. Also, the 

numbers written in the circles in the figure mean the number 

of diesel generators operated. However, according to existing 

research case, power generation efficiency of diesel generator 

decreases according to operation time, and it is generally 

reduced by 10% when operating 50,000 hours [11]. The 

diesel generators at the analysis area have been operated for a 

long time. Therefore, it should be operated within the range of 

60 ~ 80% of 150kW according to 2.1, but it was operated 

from 80kW ~ 120kW to reflect the characteristics of reduced 

efficiency. BESS was operated within the SOC range of 35 ~ 

55% which is the maximum energy guarantee ratio. 

 
Fig 4. Efficient operation algorithm of diesel generator,  

BESS 

III. SIMULATION 

3.1. Configuration of scenario 

For the economic analysis, HOMER PRO software of 

NREL (Nation Renewable Energy Laboratory) was used. The 

HOMER software is used as optimization tool in order to 

determine the size and energy management of the system. The 

HOMER software provides a powerful framework for 

comparing a lot of different economic and technical options 

for users. Moreover, the consideration of many changes and 

uncertainties in input data is possible. The HOMER software 

simulates the performance of energy system for each hour of a 

year and shows the possible ways of energy supplying and 

lifetime cost. In the optimization procedure, the software 

searches various possible configurations, the size of 

renewable resources and demand satisfaction by considering 

restrictions in order to achieve the most economic state [2]. 

The reason for using this software is that it is possible to 

change operating conditions of diesel generator and BESS 

among built-in functions. 

Table 1 shows the scenarios constructed to analyze the 

economic feasibility of the designed algorithms. Scenario 1 is 

a basic mode in which no algorithm is applied, Scenario 2 is a 

mode in which an algorithm is applied, and is independently 

simulated using a HOMER PRO. The parameter inputs of 

scenario 1 and scenario 2 are the same. However, in case of 

scenario 2, in scenario 2, the operating time of the diesel 

generator is limited according to the efficiency range and the 

SOC is set according to the maximum energy securing range 

of BESS to reflect the algorithm. Finally, after confirming the 

optimum combination of operations for each scenario, which 

is the simulation result, we compared the economical 

efficiency of the same combination case. 

Table 1. Scenario configuration 

scenario meaning 

scenario 1 basic mode (Not applying efficient operation 

algorithm) 

scenario 2 applying efficient operation algorithm 

3.2. Simulation settings 

3.2.1. Basic setting for simulation 

Scenario 1 is the basic mode and the algorithm is not 

applied. The parameters entered in the HOMER PRO are as 

shown in the following Table 2, and are input in common to 

scenario 1 and 2. First, the accurate location of the analysis 

area was entered as shown in Figure 5, and the temperature 

value based on location was reflected using NASA data. The 

total project lifetime was set at 25 years, and variables 

affecting efficiency were also entered. In the case of the load, 

the annual average load is 124 kW/d, the maximum load is 

305 kW, the minimum load is 80 kW, and the setting result of 

HOMER PRO is the shown as figure 6. 

HOMER PRO allows the user to select the model of the 

equipment for each generation source. But, because there   are 

limit on the types of models, models with specifications 

similar to those of the analysis area are selected. WIND set 

100kW Northern Power NPS100C-21 model, PV set six 

Fronius Symo 20.0-3-M 20kW with Generic PV model, 

BESS set five Generic 100kWh Li-ion model,  
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and the diesel generator set 150kW Generac SD150 model. 

Of course, there is a cost error because it may be different 

from the model actually built in the area. However, However, 

it is possible to directly input the purchase cost, the 

installation cost, the maintenance cost, the efficiency, the life 

time and the specific specification after the model selection 

according to the case, so that the error rate can be greatly 

reduced as compared with other MG economics simulation 

programs.  

 
Fig 5. Location input in HOMER PRO  

 
Fig 6. Grid setting and load input in HOMER PRO  

Table 2. Technical parameters of MG’s components 

System and Project Data  

(include economics, weather) 

Project lifetime 25 years 

Operating strategy 

Scenario 1 : Load 

following 

Scenario 2 : Cycle 

charging 

Location Latitude 34˚, longitude 

126˚ 

Nominal discount rate 5% year 

Expected inflation rate 2% year 

Temperature (annual 

average) 

13.4 ˚C (NASA data) 

Solar – scaled annual 

average 
3.68 (kWh/ /day) 

Wind – scaled annual 

average  

5.55 m/s 

Wind – anemometer 

height 

10 m 

(Generator 1)Wind 

Nominal wind turbine 100kW 

power  

Capital cost 523416 $ 

O&M cost 3% of WT cost 

Wind turbine lifetime 20 years 

Hub Height 37m 

(Generator 2) PV 

PV power 20 kW * 6 

Capital cost 335170 $ 

O&M cost 1% of PV cost 

Efficiency Change efficiency 

depending on input 

Lifetime 25 years 

Ground reflectance 20% 

Tracking system No Tracking 

Power reduction(year) 1% 

(Generator 3) Diesel generator 

Power 150kW * 5 

Capital cost 459137 $ 

O&M cost 8 $/hour 

Lifetime 25 years 

Minimum load ratio 20% 

Diesel fuel price 0.91 $/L 

BESS (battery) 

Technology Li-ion 

Nominal Capacity 100kWh * 5 

Capital cost 321396 $ 

O&M cost 6428 $ 

Initial State of charge 100 

Minimum SOC 10 

Lifetime 10 years 

Converter 

Capacity 250kW 

Capital cost 183655 $ 

O&M cost 1837 $ 

Efficiency 95% 

Lifetime 25 years 

 

3.2.2. Differentiated setting of scenario 2 

The input parameters of scenario 2 are the same as scenario 

1 except that the diesel generator and BESS are changed by 

using only the following built-in functions. 

①Different setting of diesel generator part 

The diesel generator in scenario 1 was automatically 

operated in HOMER PRO Optimize mode. Scenario 2, 

however, set up and operated the HOMER according to the 

designed algorithm. The configuration method is shown in 

Figure 7, which is the result of the operation simulation 

performed in the previous researches. In Figure 7, the graph 

on the left shows the operation results of the MG by time, and 

the graph on the right shows the operation within the 

maximum energy obtain range of the SOC. The average 

operating time of the diesel generators over the period of one 

year from January to December was calculated and applied to 

the built-in function of HOMER as shown in Figure 8. The 

operating mode of the diesel generator is determined 

according to the set color,  
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green means priority operation, red means stop, and gray means optimal operation according to BESS SOC. 

   
(Gray : Diesel generator, Orange : PV, Blue : WIND, Yellow : Battery discharge, Green : Battery charge) 

Fig 7. Simulation results when algorithm is applied(January)  

 
Fig 8. Operation setting screen of diesel generator by hour 

  

②Different setting of diesel BESS part 

BESS in scenario 1 was automatically operated in HOMER 

basic mode. Also, in scenario 1 and 2, the initial charge value 

was set to 100% in order to simulate the same conditions. 

However, scenario 2 should be operated according to the 

designed algorithm. Therefore, the Li-ion battery installed in 

the BESS was set to charge / discharge between SOC 35 ~ 

55%. Therefore, the average value of 35 ~ 55% of the set 

point value of SOC was input as 42.5%. In addition, the SOC 

minimum value was set at the lowest value of 35%. 

3.3. Simulation results and economic analysis 

The optimal combination of scenarios 1 and 2 derived from 

the HOMER PRO is shown in Figure 9. The power generation 

amount supplied to the load differs according to each 

combination. Among the various combinations, the 

combination marked with a box in the figure was selected as 

the subject of analysis of this paper. The selection criteria are 

as follows. First, all the MG components built in the actual 

analysis area should be included. The purpose of this paper is 

not to derive the optimum operating combination. The 

purpose of this study is to understand the economic change 

caused by applying the designed algorithm. Therefore, only 

the case where the system configuration is the same as that of 

the system constructed at the actual analysis area was selected 

as the target. Second, renewable energy must be operated. In 

the analysis area, the renewable energy source preferentially 

supplies power to the load. This is due to the government's 

policy to implement environmentally-friendly clean MG. 

Reflecting this aspect, we selected an operating combination 

that includes renewable energy. 

Table 3 summarizes the combinations selected in Figure 9. 

As can be seen in the table, the cost was determined by the 

operating quantity of the diesel generator. NPC (Net present 

cost) is the value obtained by converting the annual cost to the 

present time point. In case of scenario 1, NPC is about 1.98 ~ 

12.8 M$ and scenario 2 is about 1.81 ~ 2.77 M$. Also, COE 

(Cost of electricity), which means the cost per 1kW due to 

power generation, is a good variable to judge the economic 

feasibility. In case of scenario 1, COE is about 1.87 ~ 12.09 $ 

and scenario 2 is about 1.71 ~ 2.61 $. As a result, scenario 2 

was lower by about 0.17 ~ 10.03 M $ for NPC and 0.16 ~ 9.48 

$ for COE than scenario 1. Scenario 1 shows the economic 

benefits of scenario 2, even if it does not take into account the 

over-cost combinations. Therefore, it is confirmed that the 

cost is lower when the algorithm is applied through this 

research.  
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Fig 9. Simulation results of HOMER PRO (optimal operation combination) 

Table 3. Result of economic analysis 

Scenario 
Number of  

Diesel generator 

NPC 

($) 

COE 

($) 

Operating cost 

($/yr) 

Initial capital 

($) 

Total Fuel 

(L/yr) 

Scenario 

1 

1 12.80M 12.09 -1.26M 14M 15,598 

2 1.98M 1.87 304,461 1.69M 256,307 

3 2.44M 2.30 304,461 2.15M 256,307 

Scenario 

2 

1 1.81M 1.71 -142,345 1.95 250,048 

2 2.23M 2.11 138,220 2.10 275,023 

3 2.77M 2.61 181,938 2.59 309,912 

 

IV. CONCLUSION 

In this paper, we verify the economical feasibility of 

efficient operation algorithm of stand-alone MG. The analysis 

target area is a specific island, and a renewable energy source 

based on WIND and PV is constructed. However, it is 

necessary to operate diesel generators because the amount of 

power generated is insufficient to supply power only with 

renewable energy (WIND, PV). In addition, because of the 

fishery activity, the power consumption is not constant, so 

BESS is necessary for stable power supply. Therefore, the 

strategy to operate the diesel generator and the BESS to 

ensure the maximum efficiency was designed, and the 

economic feasibility was analyzed through HOMER PRO. As 

a result of analysis, COE of scenario 1 (Basic mode) is 1.87 ~ 

12.09 $, 00 won and COE of scenario 2 (Applying efficient 

operation algorithm) is 1.71 ~ 2.61 $. In other words, the COE 

when the algorithm is applied is reduced by 0.16 ~ 9.48 $, so 

the economic feasibility of the algorithm can be confirmed. In 

future research, we will apply the algorithm to many cases 

including grid-connected MG, and analyze the economical 

efficiency of the algorithm to secure the economic feasibility 

of the algorithm for various situations. 
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