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Abstract 

This paper presents technical and economic analysis of hybrid ac microgrid (MG). The MG comprises conventional sources like diesel 

generators (DiGen), renewable energy sources such as roof-top solar photo-voltaic (PV) installation, and battery energy storage systems 

(BESS). The primary objective of this analysis is to study and compare levelized cost-of-energy (LCoE) and net-present value (NPV) for blend 

of energy sources catering electrical energy to various set-ups along with other vital economic instruments like internal rate of return (IRR), 

return on investment (ROI) and simple payback period (SPP). The analysis has been performed with existing utility-grid in operation. To 

compare the combination of micro-sources, same average annual electricity consumption has been considered as reference for comparison 

for various load profiles, viz. academic institutional, residential pocket, commercial, community and small/medium industrial loads. 

Moreover, the two tariff structures, with grid selling and non-grid selling, are considered. The model has been developed in HOMER 

application software. The reference location for academic institution selected for study is situated in southern part of Gujarat, India and has 

longitude of 21.17°N and latitude of 72.83°E. 

__________________________________________________________________________________________

Introduction 

Ever since, the advent of electricity, the type and 

nature of electrical loads have been revolutionarily 

changing over the last century to meet the 

requirements of it; the size of power system and its 

associated equipment's; mainly energy sources, 

transforming and protecting gears and transmission 

medium as well have changed its capacity enormously 

which might not even be imagined by inventors in the 

early years. The reliability and demand for 

uninterrupted electrical power have pushed decision 

makers, stakeholders, utility and government to 

interconnect them forming state and national grid. 

Nowadays, the serious concern of climate change due 

to excessive and exponential consumption of fossil 

fuels; the need of resilient system, self-sustainability, 

and economic operation are primary motive forces 

of development of micro-grids. Moreover, there is also 

a substantial development on electrical vehicle 

applications across the globe to curtail consumption of 

precious oil products in automobile sector which 

opens new avenues for grid-to-vehicle (G2V) and 

vehicle-to-grid (V2G) infrastructural development. In 

addition to that surprising proliferation of electronic 

loads in last couple of decades also demands quality of 

power for uncompromised functionality of sensitive 

equipment. 

The U.S. DOE MEG and CIGRE 6.22 WG defines 

microgrid as it is a group of interconnected loads and 

distributed energy sources like generators, storage 

devices and controlled loads within well-defined 

electrical boundaries and acting as single controllable 

entity with respect to grid [1]. 

• Global access to electricity has been steadily 

improving in recent decades as per world 

reports published. The data published 

mentions that in 1990 just over 71% of the 

world population had access to electricity; by 

2016 this had risen to over 87%[2]. The 
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concept and acceptance of microgrid seems 

to help in narrowing this gap. 

• Though the development of microgrid 

appears fascinating, it has few salient features 

and needs to be addressed:  

• Rigorous planning is needed in setting up 

microgrids 

• Investment is intensive and complex in 

structure, it increases with number of sources 

• Impact on existing system performance  

Typically, the planning of microgrid has four phases: i) 

initial assessment, which includes objectives, 

integrating resource options, primary challenges, 

resiliency requirements, etc. ii) knowledge of electrical 

and thermal load, tariff structure, etc. iii) present and 

future energy costs and prevailing emission 

regulations, priority of loads, etc. and iv) operation, 

control and protective switchgear requirements, etc. 

A survey of various techniques for designing and 

controlling microgrids are discussed in [3]. A few 

suitable common configurations for islanded or grid 

connected hybrid systems comprises of PV-Wind, PV-

Diesel Generator, PV-Wind-Diesel generator, and 

Wind-Diesel generator with or without BESS. Many 

classical and advanced methods for planning and 

operation of microgrid are suggested by many 

researchers. Ref. [4] explains optimal operation 

planning for isolated microgrid having PV, wind, BESS 

and DiGen as sources. Multi-attribute decision making 

approach is also widely used for strategic planning of 

microgrid[5][6].The percentage distribution of energy 

for hybrid system comprising diesel generator and 

solar PV system for base transceiver station located in 

Nigeria has been studied in [7]. To decide on the best 

suitable hybrid system, various techniques like 

dynamic programming, probabilistic approach, multi-

objective design, artificial intelligence methods, linear 

programming and iterative techniques are used. The 

design and applications aspects of various energy 

storage systems for islanded operation have been 

extensively surveyed in ref [8] due to high penetration 

of renewable sources. The technical and economic 

analysis has been carried out for hybrid energy system 

with different renewable source penetration level for 

isolated microgrid system [9].  

There are numerous application software tools 

available for analysis of integration of renewable 

energy sources, and the selection should be done 

based on specific objective to be achieved. The 

Sustainable Energy Planning Research Group at 

Aalborg University, Denmark has developed a model, 

known as Energy PLAN [10] for simulation and analysis 

of different utilities like electricity, heating, cooling, 

industry and transport which has been used by 

scientists and researchers across the globe. HOMER 

(Hybrid Optimization Model for Electric Renewable) 

Pro developed by National Renewable Energy 

Laboratory (NREL) in the United States has been one of 

widely accepted application software for feasibility, 

technical, economic and sensitivity analysis of 

microgrids [11]. Various essential key parameters like 

details of resource data, economic variables and 

technical data have been fed into HOMER and it 

simulates various system configurations and generates 

output for all possible permutations and combinations 

wherefrom planner can identify and opt for suitable 

combination. Connolly et al. [12] have reviewed 37 

such analysis tools; and comparison between two 

widely used tools, Energy PLAN and Hybrid 

Optimization Model for Multiple Energy Resources 

(HOMER) by National Renewable Energy Laboratory, 

United States have been made by William et al. [13]. 

The design and deployment of PV-battery and CHP 

hybrid system with objective of reduction in end-user 

costs, cost of energy and emissions has been analysed 

in HOMER for representative regions in US [14]. Similar 

study has been carried out to compare various hybrid 

sources for a very small compound of building having 

daily load of 7.3kWh to evaluate economic 

effectiveness of energy supply system [15]. A techno-

economic assessment of solar based microgrid for 

commercial setup is presented in [16] for eight regions 

of US. The scheme is modelled and simulated in 

MATLAB/Simulink and results of NPC and COE are 

compared with HOMER results and reported that the 

initial cost of plant needs to be reduced to meet break-

even of COE of utility grid. The battery is advocated as 

one of the most promising storage options of energy 

storage system in isolated and grid assisted microgrids 

to have shaved peak demand. There are various kind 

of battery technologies available on the market. The 

optimal design of battery, lithium-ion and lead-acid 

type, their impact and performance analysis is 
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discussed in [17]. No techno-economic analysis has 

been found addressing impact on various load 

profiles/categories aiming to cater for specified energy 

demand per year. The objective of such study is to 

highlight the fact that a single blend and size 

combination of sources may not be as cost-effective 

with others. 

HYBRID MICROGRID SYSTEM 

Methodology for analysis 

A hybrid microgrid considered in this analysis consists 

of solar RFPV - BESS-DiGen connected with main utility 

grid. Figure 1 depicts typical configuration of a hybrid 

microgrid system. In this configuration, a utility grid, a 

DiGen, a converter, a roof-top PV system with inverter, 

and AC loads are connected to the AC bus. The BESS is 

connected to the AC bus through DC-AC converter 

arrangement. Number of utility companies exist in the 

chosen region, and they offer either flat or scheduled 

rate tariffs. Hence, in this study, both tariff rates have 

been considered for comparison. The capacity sizing of 

sources is done according to average load, peak load, 

and energy required over the year. 

 

Figure 1: Configuration of a grid assisting microgrid system 

A load profile of an academic institution located in 

western part of India has been taken as reference for 

study. The load profile has been recorded for a few 

sample days of year, considering the maximum 

variation in load per day. A Fluke 430 power analyzer 

has been used to log load profiles. One day load profile 

is shown in Figure 3. Moreover, in academic, 

commercial and industrial setups, the electrical and 

thermal loads have assumed to be combined into 

equivalent electrical load and simulated to find CoE 

and NPC of system. The other significant features of 

the load are mentioned in Figure 2. The average 

demand for given setup is identified as 43kW and 

average electricity consumption as 1030kWh/day, 

which is the reference for comparison with other 

setups having their own load profiles. 

Table 1: Properties of load 

Parameter Specifications 

A R Com I C 

Peak load 

(kW) 

181 159 122.4 54 107.12 

Load factor  0.24 0.27 0.35 0.8 0.4 

Average 

(kWh/d) 

1030 

Average(kW) 43 

Time step size 

(minutes) 

60 

Day-to-day (%) 5 

Time-step (%) 5 

Where,  

A-Academic, R-Residential, Com-Commercial, I-

Industrial, C-Community. 

 

Figure 2: Load profile of an academic institute using Fluke 430 
power analyser 
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Table 2: Affecting economic factors 

Parameter Value 

Discount rate (%) 6 

Inflation rate (%) 2 

Annual capacity shortage (%) 0 

Project lifetime (years) 25 

The other prevailing economic factors, like discount 

rate, rate of inflation, GDP rate, political stability, rate 

of interest, etc. do affect feasibility of project greatly. 

These parameters are shown in Table 2. The purpose 

of this analysis is to make premises energy self-

sufficient and not to contribute power into utility grid. 

And hence, no capacity shortage has been considered 

with expected project life of 25 years. 

Load profiles 

To determine the effectiveness from an economical 

perspective and feasibility for other types of setups-

having other load profiles, an electrical demand for 

academic institution is considered. At given location 

the temperature fluctuates between 37° (summer) 

and 21° (winter), average rainfall is around 900 to 1500 

mm, average wind-speed is around 4.2 m/s (2.5-5.8 

m/s) and almost 260 sunny days a year [18].  

The recorded historical climatic parameters indicate 

that for given location the solar PV is one of the most 

promising energy sources to be harvested over wind-

turbine installations. The daily load and seasonal 

profile are estimated from the past few years 

electricity consumption and is illustrated in Figure 3. In 

this study, the average electricity consumption is kept 

equal to reference load. Moreover, the profiles for 

other common types of loads are also preserved, like 

residential load exhibits double duck shape as in Figure 

4, industrial load which has flat daily load profile 

depicted in Figure 5, though slightly varies with 

seasons. The commercial loads are having plateau 

shape, jumped to maximum from morning 9:00am to 

5:00pm and then gradually dropping to minimum 

value (Figure 6). The community load has horse shaped 

curve, two stepped load changes as shown in Figure 7. 

 

 

Figure 3: (a) Daily average load profile and (b) seasonal 
profile of an academic institute 

 
Figure 4: Daily average load-profile for equivalent residential 
load 
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Figure 5: Monthly average load-profile of a small/medium 
industry 

 

Figure 6: Daily average load profile of a commercial premise 

 

Figure 7: Daily average load profile of a community load 

System components of hybrid microgrid 

A technical-economical comparison for various setups 

has been done in HOMER application software. In this 

study, a hybrid microgrid system comprising of RFPV, 

BESS and DiGen sources are taken into account. 

Presently, the reference setup has 75kW RFPV  system 

already installed on the premises, but, the addition of 

BESS and DiGen is proposed in order to convert an 

institute into more energy independent (though LCoE 

is slightly higher than other facilities) in the future 

through forming of a hybrid microgrid. 

Rooftop solar PV system (RFPV) 
The solar photovoltaic (PV) system is accepted as one 

of the most favorable renewable energy sources due 

to its promising apparent zero emission nature; where 

ample amount of sunshine is available throughout the 

year. Surat city, which is taken as reference, receives 

justifiable amount of irradiation, an average of almost 

300 sunny days and 9 hours per day is shown in Figure 

8. The estimated electricity generation per kW 

installation is around 5.23kWh per day[19]. In 

sensitivity analysis, the installation capacity varies 

from 25to 75kW in steps of 25kW and 75kW is 

considered as base case due to already installed RFPV 

system. The essential property of the system is 

illustrated in Table 3. Despite maximum irradiation 

received during months of April-May, higher cell 

temperature limits the output from RFPV due to 

inherent characteristics of solar cells and reduces 

generation to some extent. The solar irradiation data 

for given locations have been collected from NASA 

Surface meteorology and Solar Energy Database [19].  

The 75kW PV system is installed at the institution RFPV  

(Figure 9) and actual energy generation is shown in 

Figure 10 wherein it is seen that the generation in the 

month of May is not at its maximum value despite 

having shiny days throughout. 

 

Figure 8: Monthly solar irradiation and clearness index 
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Table 3: Properties of roof-top solar PV System 

Parameters Specifications 

Manufacturer name Canadian 

SolarMaxPower 

Model CS6X-325P 

Rated capacity (kW) 0.325 

Temperature 

coefficient (%/°C) 

-0.41 

Nominal operating 

cell temperature (°C) 

45 

Operating 

temperature (°C) 

45.00 

Efficiency (%) 16.94 

Number of series 

connected cells and 

type 

72-poly-

crystalline 

Capital cost ($/kW) 550 

Replacement cost 

($/kW) 

330 

Operation and 

maintenance per year 

($) 

140 

Lifetime (years) 25 

De-rating factor (%) 90 

Ground reflectance 

(%) 

20 

 

Figure 9: 75kW RFPV system with three 25kW inverters 
(325W Si multi-crystalline 230 solar panels) 

Battery energy storage system 
In this case study, the CELLCUBE(R) FB 10-70 which is 

10kW-70kWh Vanadium Redox Flow battery is being 

used. The detailed specifications for battery system 

are shown in Table 4. As an AC-bus system, the round-

trip efficiency represents for AC-DC-AC conversion. 

The power and energy rating are chosen based on 

reference academic setting to meet peak demand 

occurring during hot summer days and time of day. 

 

Figure 10: Actual electricity generation of 75kW RFPV system 

As the chosen location is in the western part of India, 

the total electrical load reaches its peak during noon in 

the month of May. The yearly load profile shows that 

it happens in the month of May and during 1100-

1400hrs on weekdays. The charging and discharging 

efficiency of this battery system has been assumed to 

be 95% and hence making its round-trip efficiency of 

around 90%. The charging cycle has been taken at 

around 2500.  
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Table 4: Properties of battery storage system 

Parameters Specifications 

Manufacturer Gildemiester 

Model FB10-70 

Nominal voltage (V) 48 

Nominal capacity 

(kWh) 

70 

Nominal capacity (Ah) 1460 

Roundtrip efficiency 

(%) 

64 

Maximum charge 

current (A) 

200 

Capital cost ($) 5,550 

Replacement cost ($) 2,750 

Lifetime (years) 20 

Throughput (kWh) 100,000 

Initial state of charge 

(%) 

90 

Minimum state of 

charge (%) 

10 

Diesel generator 
The RFPV system is sufficient to meet almost 30% of 

demand for the reference load profile, BESS helps in 

flattening peaks occurring twice a day. Diesel 

generator is being recommended to cater critical loads 

and time when institution is hosting an event or during 

examination period. And hence, the selection of size 

for DiGen should be chosen such that it should not be 

overrated to curtail initial and running cost as well. The 

Cummins generator is selected as one of the electrical 

energy sources as it operates on Natural Gas to reduce 

carbon emission. The details are given in Table 5. The 

heat recovery system could be devised to integrate 

CHP by tapping into the heat energy, which further 

improves system efficiency.  

Table 5: Properties of diesel generator 

Parameters Specifications 

Manufacture Cummins 

Model 30kW RX30 C30 

N6H 

Capacity(kW) 30 

Fuel Natural Gas 

Fuel curve intercept 4.5kg/hr 

Fuel curve slope 0.289kg/hr/kW 

Minimum load ratio 

(%) 

25 

Heat recovery ratio 

(%) 

25 

Lifetime (Hours) 15,000 

Minimum runtime 

(minutes) 

15 

Capital cost ($) 4,150 

Replacement ($) 2,100 

O&M per hour ($) 10 

Utility grid 
Having analyzed the institute’s energy demand per 

year, it is found to be around 350,000 kWh with a 

variation of ±10%. This estimation is made based on 

analysis of the last five-year electricity demand. The 3-

to-4 outages have been observed in the last couple of 

years due to improved reliability of utility, but in 

sensitivity analysis 6 outages have been considered to 

decide DiGen capacity. It has been assumed that each 

outage requires an average of 2hrs of time to restore 

electricity. Moreover, normal, peak and off-peak tariff 

rates have been incorporated to make study more 

realistic as shown in Table 6. 

DC-AC converter 
The BESS system is connected to AC bus through DC-

AC converter. The capacity selection is dependent on 

the capacity of BESS. Sensitivity analysis is carried out 

based on capacity of BESS (Table 7).   
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Table 6: Properties of utility-grid 

Parameters Specifications 

Maximum net grid 

purchases 

limit(kWh/yr) 

270,000 

Grid reliability  

Mean outage 

frequency per year 
6 

Mean repair time(h) 2 

Repair time 

variability (%) 
25 

Tariff  

Normal-time and rate 
0600 – 1700 hr 

@$0.083/kWh 

Peak-time and rate 
1700 – 2200 hr @$ 

0.1/kWh 

Normal-time and rate 
2200 – 0600 hr @$ 

0.067/kWh 

Table 7: Properties of converter 

Parameters Specifications 

Capital cost ($/kW) 3 

Replacement cost ($/kW) 1.5 

Lifetime (years) 25 

Efficiency (%) 95 

Rectifier capacity (%) 95 

Inverter capacity (%) 100 

RESULTS AND DISCUSSION 

After carrying out sensitivity analysis, optimum size of 

energy source has been computed. The optimum 

results for the reference setup are listed in Table 8 for 

grid interfaced hybrid microgrid employed for various 

facilities. Out of the facilities, lowest LCoE was 

achieved for industrial loads with and without grid sell, 

while highest NPC was achieved for academic and 

residential load (with and without grid sell). As shown 

in the table, size of DiGen is reduced by half for 

community facility (15kW) compared to other facilities 

(30kW) which will be helpful for planning and 

designing of microgrid. For residential load, system 

size is reduced as DG is not required. As DG is not used 

for electricity production, zero emission of carbon 

monoxide will help in maintaining the environment 

healthy. For residential load, ROI is highest and simple 

pay back is reduced to almost 2 years. While ROI is 

much less for commercial loads (with and without grid 

sell) but cost of energy is lower compared to 

residential loads. Figure 11 shows variations in ROI, 

IRR, SPP and LCoE for various loads. The production of 

energy from RFPV is the same for all load types. 

Storage capacity and number of batteries required is 

different for different facilities which consume the 

same energy per year. There is no storage requirement 

with microgrid which sells energy to grid having 

industrial load. As a result system converter is also not 

necessary for industrial load which will directly reduce 

cost and size. Capacity of the converter can be selected 

as per selection of facility. 

 
Figure 11: Variation in ROI, IRR, SPP and LCoE for various 
loads 

CONCLUSIONS  

The main purpose of this study is to demonstrate that 

the planning of hybrid micro grids should not be based 

on either electrical demand or energy consumption. 

The results show that NPC (COE) varies from maximum 

$6,55,900 ($0.11) to minimum $4,90,526 ($0.079) for 

academic load (without grid sell) and industrial load 

(with grid sell) respectively. Moreover, maximum and 

minimum ROI and IRR have been observed for 
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residential load and commercial load respectively. 

Simple payback period is lowest for residential load 

and commercial load. 
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Table 8: Comparison of utility grid-interfaced hybrid microgrid for various facilities 

Load Academic Residential Commercial Community Industrial Academic Residential Commercial Community Industrial 

Parameters Without grid sell With grid sell 

Operating  

cost (103 $) 
620.40 638.00 569.33 581.73 467.47 583.20 638.00 556.13 581.73 464.00 

NPC(103$) 35.20 37.20 32.93 34.00 26.67 33.20 37.20 32.13 34.00 26.67 

COE 

($/kWh) 
0.105 0.104 0.094 0.095 0.076 0.092 0.104 0.093 0.095 0.075 

Capacity 

DG (kW) 
30 - 30 15 30 30 - 30 15 30 

Operating 

hours/year 

DG 

99 0 13 49 11 67 0 11 49 11 

Production 

DG 

(kWh/yr) 

2824 - 257 264 204 1318 - 203 264 204 

Fuel 

consumptio

n (kg) 

1262 NA 133 118 109 683 NA 108 118 109 
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Carbon 

monoxide(k

g/yr) 

8.11 0 0.853 2.09 0.697 4.38 0 0.695 2.09 0.697 

Storage 

capacity 

(kW- kWh)x 

no.of 

batteries  

10-70 x 2 10-70 x 2 10-70 x 1 20-40 x 1 20-40 x 1 10-70 x 2 10-70 x 2 10-70 x 1 20-40 x1 0 

Autonomy 

(hrs) 
3.26 3.26 1.6 0.932 0.932 3.26 3.26 1.63 0.932 - 

Annual 

throughput 

(kW) 

4,039 8,190 347 106 58.8 4,245 8,190 280 106 - 

System 

converter 

(kW) 

67.2 50.1 27.3 5.61 2.86 96 50.1 50 5.61 0 

Operating 

hours 

System 

converter 

(hrs) 

226 382 36 19 16 228 382 24 18 0 

Excess 

energy/grid 

sales (kWh) 

28,174 13,439 1,513 14,045 16,838 28,174 13,439 1,793 14,045 16,870 

ROI (%) 22.5 42.4 0.3 1.6 9.1 32.1 42.4 3 1.6 23.6 

IRR (%) 26.3 48 0.6 2.7 11.2 36 48 0.5 2.7 24.3 



 

 

 

Journal of Power Technologies 105 (4) (2025) 431 -- 431                       

431 | 431 

SPP (years) 3.79 2.08 24.79 16.57 8.48 2.78 2.08 24.81 16.57 4.14 

 


