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Abstract 
 

In recent years due to the advancements in electric power generation, 

transmission, and distribution systems, the use of hybrid renewable energy 

smart microgrids (HRE-SMGs) has become popular. Also, there were many 

studies on HRE-SMGs feasibility in the literature. Mostly these studies were 

limited to the techno-economic and environmental assessments. The most 

stressed research challenge is the involved cost of these systems. But on the 

other side, few studies suggested that there have merits and benefits in many 

ways to the consumers or prosumers. But the studies highlighting those cost-

benefit analyses are limited. In this paper, the cost-benefit analysis of one 

such HRE-SMGs is investigated. Hence, in this study, we considered the 

photovoltaics (PV) + Wind Turbine (WT) + Diesel Generator (DG) + Battery 

Energy Storage (BES) based HRES-MGs. The results of this study presented 

a brief discussion on the costs and benefits of this proposed HRES-MGs. 

Thus, we conclude that, though HRES-MGs are capital intensive, the offered 

services are numerous. 
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1 Introduction 
 

The electric power system that we mostly see and use is a centralized 

system that can be broadly referred to as the conventional electric grid 

(CEG). The CEG generally joins and forms the network of many small, 

medium and large electric power generation units, transmission lines, and 

distribution centers. In CEG, all the generation plants will be under one 

network and progressively transfer the energy to the electric load centers, 

preferably to a residential house, industries, agricultural feeders, public 

electric systems, etc. [1]. In the CEGs, mostly high voltage to low voltage 

power flow happens, and we can call such systems one-directional electricity 

supply systems. Under such one-directional systems, mainly the residential 

and industrial centers only consume the energy, and accordingly, electricity 

bills were paid to the energy providers. There are numerous challenges with 

the existing CEG, and these challenges include the reliability and resilience 

of energy supplies. To overcome these challenges, distributed energy systems 

(DES) have become popular [1,2]. The main reason for this is the popularity 

gained by the use of renewable. On the other side, the advancements seen in 

electric power generation, transmission, and distribution systems have also 

favored the progress in DES. The DES has encouraged the development of 

hybrid renewable energy smart microgrids (HRE-SMGs).  

The HRE-SMGs help the consumers become prosumers where they 

consume energy and produce energy [2]. Among these HRE-SMGs, the most 

used combinations include photovoltaics (PV) + Wind Turbine (WT) + 

Diesel Generator (DG) + Battery Energy Storage (BES).  

In this paper, the cost-benefit analysis of one such HRE-SMGs is 

investigated.  

The objectives of this paper are as follows:  

 To formulate a case study of smart microgrids containing the power 

assets as photovoltaics (PV), Wind Turbine (WT), Diesel Generator 

(DG), and Battery Energy Storage (BES).  

 To investigate the cost involved in setting up these HRE-SMGs. 

 To investigate the benefits associated with HRE-SMGs.  

 

2 Literature Review 
 

In literature, the most stressed research challenge is the involved cost of 

these systems. Also, there were many studies on HRE-SMGs feasibility in 

the literature [3-11]. Such SMGs' feasibility is mostly done by analyzing the 

system in three different dimensions like technical performance, economic 

performance, and environmental performance. 

The technical performance mainly deals with the SMGs' functioning 

considering the performance standards like energy output, specific energy 

outputs, capacity factors, and efficiency [6,12]. Simultaneously, economic  



 

 
 

 

 

 

 

 

Cost-Benefit Analysis of Hybrid Renewable Energy Smart Microgrids 1384 

 

performance is assessed by evaluating the parameters like net present value, 

cost of electricity, simple payback period, discounted payback period, etc. 

[7]. On the other side, the environmental performance is mostly based on the 

emissions reductions like carbon dioxide (CO2). These studies are primarily 

based on the emission factor multiplication with the amount of electricity 

produced [7]. Later the studies like life cycle assessments have given scope 

for a detailed understanding of environmental performance [13]. 

Mostly these studies were limited to the techno-economic and 

environmental assessments. In Table 1, the brief outcome of the literature 

review is presented. 

 
Table 1 Summary of the Literature Review Studies on Microgrids. 

 

Smart 

Microgrid 

Configuration 

Literature Remarks Referenc

e 

WT/PV/DG/B

ES 

A net-zero HRE-SMGs is investigated and the 

results include the economic viability, 

environmental assessment and technical 

possibility 

[3] 

BES/DG/WT/

PV 

Optimal configurations were investigated for 

the HRE-SMGs 

[4] 

Isolated 

PV/BES 

Use of PV as alternative power generation 

device for remote and isolated power systems 

[5] 

WT/PV/BES/

DG 

The design of HRE-SMGs is proposed by 

considering the SDG7 guidelines along with 

novel framework. 

[6] 

BES/EG; 

BES/PV; 

BES/NGPG 

The role of HRE-SMGs addressing the energy 

resiliency is investigated considering the cost-

benefits assessments 

[7] 

BES/PV/DG Sizing of the HRE-SMGs is given the priority 

to meet the load requirements 

[8] 

DG/PV/BES HRE-SMGs technical performance considering 

load management is investigated with an 

objective of minimizing the NPV 

[9] 

BES/PV/WT Battery role and its life span is investigated 

considering the energy management approaches 

for HRE-SMGs 

[10] 

BES/WT/PV Cost-benefit assessment is carried out for the 

proposed HRE-SMGs. 

[11] 

 

Though there is literature on feasibility, few studies suggested that such a 

system's capital cost is very high, and the payback periods vary. But on the 

other side, few studies suggested that there have merits and benefits in many 

ways to the consumers or prosumers [1,2]. But the studies highlighting that 

cost-benefit analysis is limited.  
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3 Hybrid Renewable Energy based Smart Microgrid 
 
 The use of hybrid renewable energy based smart microgrids (HRE-

SMGs) are a kind of smart grid systems that are the intelligent versions of the 

modern distributed energy systems. In the HRE-SMGs, the consumers will 

become prosumers, and the electricity trade becomes easier and allows the 

localized energy systems [1,2, 4-9,14]. Thus, the SMGs promote and 

improve the electricity business. In Figure 1, the HRE-SMGs overview is 

presented. 

 

 
 

Figure 1 Representation of Hybrid Renewable Energy Based Smart Microgrid 

System (Note: Adapted From [15]) 

 

 In Table 2, a detailed comparison of the conventional microgrid along 

with the smart microgrid is presented. 
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Table 2 The Parameter-based Compassion of the Smart microgrid with conventional 

microgrid considering the Functionalities 

 

Parameter Hybrid renewable energy power plant 

Smart microgrid Conventional 

microgrid 

HRE-SMGs Resilience and 

reliability 

Can be assured highly Medium level 

assurance 

Security and communication Can be assured highly Intermediate 

level assurance 

Effective monitoring and 

control of the operations 

Faster and easier Not so easy and 

can be moderate  

Emergency response (worst-

scenario and normal operation) 

Possible and have 

flexible operation  

Possible 

Integration of EVs Extremely high Moderate 

Energy trading Yes Yes 

Efficiency of the system and 

operational units 

Very high High 

Energy services on demand Yes, it is possible, and 

trade is easy  

Yes, it is 

possible with 

challenges in 

trade 

 

3 Methodology 
 

In this study, the selected case study contains the power assets that fall 

under both renewable and non-renewables. The use of non-renewables is 

considered mainly to have backup power generation in the event of any 

extreme power outage. Hence, the system is called as hybrid renewable 

energy-smart microgrid.  

 

 
 

Figure 2 Layout of the selected smart microgrid.
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The power assets include the photovoltaics (PV) + Wind Turbine (WT) + 

Diesel Generator (DG) + Battery Energy Storage (BES). In addition to these, 

we used other communicating and intelligent assets that enable various smart 

grid functionalities. In Figure 2, the detailed layout of the considered case 

study can be seen. 

A cost-benefit analysis method that is adopted based on the international 

energy agency guidelines is presented [16,17]. The method consists of 

different steps that allow us to individually assess the involved benefits and 

impacts (related to costs) for any of the selected HRE-SMGs case study is 

presented in Figure 3. In this methodology the individual benefits associated 

with renewable technologies used in HRE-SMGs are identified first and later 

they were mapped as per the categories. Also, the cost associated with those 

benefits are evaluated. 

 

 
 

Figure 3 Cost-Benefit Analysis Assessment Method
 

 



 

 
 

 

 

 

 

Cost-Benefit Analysis of Hybrid Renewable Energy Smart Microgrids  1388 

 

4 Results and Discussion 
 

SMGs is multifaceted and the broad scope of offered services provided a 

scope for the cost-benefit analysis. The deployment of HRE-SMGs into the 

power sector is quite complex and the same time estimating its benefits also 

complex. The provided methodology in Figure 3, allow us to have a system 

level understanding considering the lifetime. These would revolve around the 

energy and climate goals. It is believed that, the HRE-SMGs contribute to the 

energy efficiency, environmental efficiency and to promote low carbon 

energy sector. The monetized benefits are identified and shown in Figure 4 

starting from smart microgrid assets to functions and impacts. 

 

 
Figure 4 Flow of the Results of the Monetized Benefits from Smart Microgrids

 

 

4.1 Mapped Benefits based on the Technologies and Systems 
 

 
 

Figure 5 Mapping of the Technologies in Smart microgrids and Benefits offered 

 

In Figure 5, the results of the cost-benefit analysis focusing on the 

technologies mapping with the functions are provided. It is understood that, 
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the HRE-SMGs offers many technical benefits like resilience (can 

inform the decisions related to bringing the power system back to operation 

in the event of disruption); identification of the faults, performance 

monitoring with enhanced data analytics that allow us to keep the track of the 

system starting from failure to replacement. In addition, the HRE-SMGs also 

offers flexibility in terms of energy production as well as in trade at a desired 

price that falls within the economic limitations. 

 

4.2 Economic Benefits 
 

Cost benefits offered by the HRE-SMGs are many. For example, 

improved energy asset utilization, capital savings as we design the system 

specific to load requirements. Also, the flexible operation would monitor on 

the day and year ahead energy predictions which would further bring some 

awareness on the system costs there by reducing the operation and 

maintenance cost. On the other side these systems mostly localized, hence 

the transmission and distribution costs are reduced. Loss in energy and 

related revenues by energy theft can be minimized as the SMGs offers the 

flexibility in detecting the power theft.  

 

4.3 Reliability Benefits 
 

Reliability is most the concerning issue in the power systems. With the 

proposed HRE-SMGs the reliability can be further enhanced. This is mainly 

due to the offered services that enhances the power quality and decisions on 

mitigating the power interruptions [7]. With the SMGs, the reduced and 

sustained outages would increase. Also, prior intimations are possible about 

the disruptions and system failures. Also, as we know the information related 

to disruptions, the cost for restoration could be further reduced.  
 

4.4 Environmental Benefits 
 

The most important benefits of HRE-SMGs are the environmental 

benefits. The technical and environmental are co-existed benefits. These 

systems offer the great potential in reduction in the CO2 levels, PM-10, and 

other toxic pollutants such include (SOx and NOx). The use of renewable is 

the major reason for this. Also, there is additional support from the clean 

development mechanism and joint implementation boards to register these 

projects and get the credits for trading the awarded environmental benefits 

[18]. 

 

4.5 Security Benefits 
 

HRE-SMGs also offers numerous security benefits, and some can be  
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monetized, and some can’t be monetized. However, these benefits are related 

national energy security and disaster security. With HRE-SMGs, energy 

security is offered by reducing the dependency on the oils. On the other side, 

power outage events can be minimaxed as we are encouraging the localized 

energy supplies with trading possibility. 

In Table 3, the summary of the cost-benefits in four categories like 

economic, reliability, environmental and security are presented. From the 

above results discussed in sections 4.1 to 4.5, it is understood that, SMGs 

systems offer numerous benefits especially in terms of power interruptions, 

power quality, air emissions and energy security.  

 
Table 3 Categorization of Cost-Benefit Assessment Results  

 

Benefit category Benefits Remarks 

Economic benefits 

Maximized energy asset use 

Optimized use of the all the 

generating and energy storage 

sources connected to the HRE-

SMGs 

Savings in capital cost 

related to T&D 

Transmission capacity is 

differed and due to the benefits 

are possible 

Savings in O&M cost Reduction cost 

Cost savings from energy 

theft 

Power theft is mitigated, and 

the energy can be traded for 

revenue generation 

Savings from improved 

energy efficiency 

Energy losses are reduced there 

by enhancing the productions 

which is again a possible 

revenue 

Cost saving and service 

charge collected at the 

energy trading scenarios 

SMGs offers digital trading 

which is benefit in additional 

revenue 

Reliability 

Benefits 

Power outage or blackout 

events 

Data informed decisions 

reduces the chances for power 

interruptions 

Power quality issues 

Sags and swells can be reduced, 

also, the momentary outages 

can be reduced 

Environmental 

benefits 

Global warming potentials 
CO2 emissions mitigated by 

replacing the energy source 

Toxic emissions NOx and SOx are mitigated 

Particulate matter 
Renewable offers dust free 

energy generation 

Security Energy security 

Dependency on the oil 

especially with the power 

sector can be minimized. 
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5 Conclusions 
 

This paper was about the cost-benefits of smart microgrids. At first, we 

discussed literature review on the smart microgrid feasibility and identified 

the research gap. The carried-out literature review suggested a progressive 

research direction on exploring the research challenges. Based on the 

explored research challenge, the objective of this study was decided and 

accordingly the cost-benefit assessment was investigated. For the 

investigated a hybrid renewable energy based smart microgrid was 

considered. The results of this study suggested that smart microgrid can be 

encouraged in most nations especially in the nations where policies favor the 

prosumers.  

It was also found that, though HRES-MGs are capital intensive, the 

offered services are numerous, and these smart microgrids (SMGs) can be 

scope for future decentralized power systems. Finally, we believe this study 

could be used as a useful reference by the researchers, academicians and 

policy makers working towards smart microgrid development. 
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